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In response to the ever-expanding scope of medical knowl-
edge that anesthesiology trainees are expected to master by 
the end of their training, the American Board of Anesthesiol-
ogy recently implemented a staged examination process. 
This is designed to ensure that trainees have a firm com-
mand of the scientific basis underpinning the specialty by 
the conclusion of their second postgraduate year before 
switching their focus to the more advanced, clinical subspe-
cialty topics. 
 Preparing for a high-stakes exam such as the ABA 
BASIC Examination is stressful, and time is always at a pre-
mium during residency training. In our years as educators 
(and in our own personal experience as residents), we have 
always found high-quality multiple-choice questions to be 
an invaluable aid to focus study and gain confidence. How-
ever, most current question banks primarily focus on clini-
cal topics meant to help you pass the “final” written exam 
(now known as the ADVANCED Exam). The purpose of 
this question book is to serve as a “one-stop shop” to supple-
ment your primary reading for the BASIC Exam. These 
800+ questions have been designed and written to specifi-
cally match the BASIC Exam’s content outline so that every 

area is comprehensively covered. Each question is accompa-
nied by an in-depth explanation of why the answer is right, 
but often more importantly, why the other distractors were 
wrong. Each explanation is also referenced to a primary text 
and/or journal article.
 The book has been organized into 30 chapters contained 
in four main sections:

•  Part 1: Anatomy and physiology
•  Part 2: Pharmacology
•  Part 3: Physics, equipment, monitors, and mathematics
•  Part 4: Clinical anesthesia topics

We hope that you will use these questions to study, refine 
your knowledge, test yourself, and ultimately sail through 
the BASIC Exam with ease. We also hope that this book will 
serve as a means to review important day-to-day topics 
quickly throughout the remainder of your training. Con-
gratulations on beginning your training in the exciting spe-
cialty of anesthesiology, and all the best on the BASIC Exam!

Jeff Gadsden, MD, FRCPC, FANZCA
Dean R. Jones, MD, FRCPC

Preface
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3

 CHAPTER 1

Basic Anatomy

 1. You are attempting to place a central line in the le t 
internal jugular vein. Which structure is most likely to 
lie between the common carotid artery and the verte-
bral artery?

 (A)  internal jugular vein
 (B)  thyroid gland
 (C)  transverse process o  C6
 (D)  nerve root o  C7
 (E)  thoracic duct

 2.  Which o  the  ollowing best describes Chassaignac’s 
tubercle?

 (A) the anterior tubercle o  C5 transverse process
 (B) the posterior tubercle o  C5 transverse process
 (C) the anterior tubercle o  C6 transverse process
 (D) the posterior tubercle o  C6 transverse process
 (E) the anterior tubercle o  C7 transverse process

 3.  When choosing the correct interspace  or a  5-6 
epidural, which o  the  ollowing would be the best sur-
 ace landmark  or initial orientation?

 (A)  the spinous process o  C5
 (B) the spinous process o  C7
 (C)  the spinous process o   4
 (D)  the spinous process o   6
 (E)  the spinous process o  L4

 4.  Identi y the structure indicated by the letter (B) in 
Figure 1-5:

 (A) thyrohyoid ligament
 (B) cricothyroid membrane
 (C) thyroid cartilage
 (D) cricoid cartilage
 (E) corniculate cartilage

 5.  Auscultation is per ormed on the right posterior chest 
at the level o   4, revealing crackles. Which o  the  ol-
lowing best describes the a ected pulmonary lobe?

 (A)  right upper lobe
 (B)  right middle lobe
 (C)  lingual
 (D)  right posterior lobe
 (E)  right lower lobe

FIG. 1-5. Anatomy of the larynx and trachea. (Reproduced with 
permission from Hung O, Murphy MF. Management of the Difficult 
and Failed Airway. 2nd ed. New York, NY: McGraw Hill; 2012.)
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4  1: Basic Anatomy

 6.  With respect to the Figure 1-7, which o  the  ollowing 
statements best describes the relationship between the 
cardiac silhouette and underlying cardiac anatomy?

 8.  Which o  the  ollowing best describes the anatomical 
relations o  the subclavian vein when considering it as 
an approach  or central venous cannulation?

 (A)   he vein is anterior to the subclavian artery.
 (B)   he vein is in erior to the subclavian artery.
 (C)   he vein is superior to the subclavian artery.
 (D)   he vein passes over the  irst rib posterior to the 

anterior scalene muscle.
 (E)   he vein is lateral to the brachial plexus.

 9.  A line connecting the two iliac crests should pass 
through which vertebral level?

 (A)   12
 (B)  L2
 (C)  L4
 (D)  S1
 (E)  S2

 10. Use ul landmarks  or identi ying the caudal space 
include which o  the  ollowing?

 (A)  iliac crests
 (B)  ischial tuberosities
 (C)  sciatic notch
 (D)  sacral cornua
 (E)  S4 spinous process

 11.  Which o  the  ollowing best describes the order o  
structures  ound just proximal to the wrist,  rom lateral 
(radial side) to medial (ulnar side)?

 (A)  radial artery, radial nerve, median nerve, ulnar 
artery, ulnar nerve

 (B)  radial nerve, radial artery, median nerve, ulnar 
artery, ulnar nerve

 (C)  radial artery, radial nerve, median nerve, ulnar 
nerve, ulnar artery

 (D)  radial nerve, radial artery, median nerve, ulnar 
nerve, ulnar artery

 (E)  radial artery, median nerve, radial nerve, ulnar 
artery, ulnar nerve

FIG. 1-7. Cardiac silhouette and rib cage.

 (A)   he le t border o  the heart is  ormed primarily 
by the le t atrium.

 (B)   he le t border o  the heart is  ormed primarily 
by the le t ventricle.

 (C)   he in erior border o  the heart is  ormed  
primarily by the right atrium.

 (D)   he right border o  the heart is  ormed primarily 
by the right ventricle.

 (E)   he right border o  the heart is  ormed by both 
the right and le t atria.

 7.  Which o  the  ollowing best describes the recommended 
locations to auscultate the aortic and mitral valves?

 (A)  aortic at le t 2nd intercostal space; mitral at  
2nd right intercostal space

 (B)  aortic at right 2nd intercostal space; mitral at  
2nd le t intercostal space

 (C)  aortic at le t 2nd intercostal space; mitral at apex
 (D)  aortic at right 2nd intercostal space; mitral at apex
 (E)  aortic at le t 2nd intercostal space; mitral at le t 

sternal edge
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Questions: 6–17  5

 12.  Which o  the  ollowing best describes the location o  
the posterior tibial nerve?

 (A)  posterior to the medial malleolus
 (B)  anterior to the medial malleolus
 (C)  posterior to the lateral malleolus
 (D)  lateral to the Achilles tendon
 (E)  adjacent to the dorsalis pedis artery

 13.  Which ONE o  the  ollowing matching pairs o  spinal 
roots and dermatomal regions is correct?

 (A)  C8; posterior aspect o  the thumb
 (B)   5; axilla
 (C)  L1; umbilicus
 (D)  L3; dorsal aspect o  the  oot
 (E)  S1; popliteal  ossa

 14.  You wish to per orm a screening motor exam on a 
patient. Which ONE o  the  ollowing matched pairs o  
nerve roots and corresponding muscle actions is correct?

 (A)  C5-6; elbow  lexion
 (B)  C5; thumb opposition
 (C)  L1; hip  lexion
 (D)  L5; knee extension
 (E)  S2; ankle dorsi lexion

FIG. 1-16. Axial computed tomography (CT) of the chest (unlabeled).

Note: Questions 15–17 re er to the computerized tomog-
raphy (CT) image o  the chest (Figure 1-16).

 15.  T e arrow labeled “1” is pointing to:

 (A)  the aortic arch
 (B)  the ascending aorta
 (C)  the descending aorta
 (D)  the common carotid artery
 (E)  the pulmonary trunk

 16.  T e arrow labeled “2” is pointing to:

 (A)  a peribronchial lymph node
 (B)  bronchus intermedius
 (C)  the le t mainstem bronchus
 (D)  the azygous vein
 (E)  the esophagus

 17.  T e arrow labeled “3” is pointing to:

 (A)  the superior vena cava
 (B)  the in erior vena cava
 (C)  the descending aorta
 (D)  the le t pulmonary artery
 (E)  the right pulmonary artery
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6  1: Basic Anatomy

 18.  T e chest X-ray pictured is MOS  compatible with 
which o  the  ollowing diagnoses (Figure 1-18)?

 19.  Which o  the  ollowing is the most likely diagnosis 
based on the image shown in Figure 1-19?

FIG. 1-18. Posterior-anterior (PA) chest X-ray.

 (A)  right upper lobe consolidation
 (B)  right middle lobe consolidation
 (C)  right lower lobe consolidation
 (D)  right-sided lung cancer
 (E)  atelectasis

FIG. 1-19. Axial computed tomography (CT) slice of the head.

 (A)  meningioma
 (B)  astrocytoma
 (C)  subdural hematoma
 (D)  epidural hematoma
 (E)  subarachnoid hematoma
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Questions: 18–21  7

 20.  Match the numbered anatomical structures labeled on 
this sagittal MRI o  the head to the available lettered 
choices (Figure 1-20).

 21. T e lateral  exion-extension cervical spine X-rays 
shown Figure 1-21 MOS  clearly demonstrate:

1

10

9

8

7

6

2

3

4

5

FIG. 1-20. Magnetic resonance image (MRI) of the head.

(1) ________  (A) CEREBELLUM  (K)   MIDBRAIN

(2) ________  (B)  PONS  (L)   PITUITARY GLAND

(3) ________  (C) PARIETAL LOBE  (M) LATERAL VENTRICLE

(4) ________  (D) SPINAL CORD  (N)   THALAMUS

(5) ________  (E)  CORPUS CALLOSUM  (O)   TENTORIUM

(6) ________  (F)  ARCH OF ATLAS (C1)  (P)   FRONTAL LOBE

(7) ________  (G) CAVERNOUS SINUS  (Q)  EPIGLOTTIS

(8) ________  (H) MEDULLA  (S)    CEREBELLAR TONSIL

(9) ________  (I)  VOCAL CORDS  (T)   SPHENOID SINUS

(10) ________  (J)   ODONTOID PROCESS  (U)   OPTIC NERVE

FIG. 1-21. Flexion/extension cervical spine X-rays.

 (A)  a C7 spinous process  racture
 (B)  spondylolisthesis
 (C)  osteoarthritis with decreased range o  motion
 (D)  a vertebral body “step-o  ”
 (E)  atlantoaxial subluxation
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8  1: Basic Anatomy

Note: Questions 22 and 23 re er to the plain f lm o  
the lumbar spine (Figure 1-23).

 24.  Which o  the  ollowing best describes the clinical diag-
nosis that can be made  rom the MR image seen in 
Figure 1-24?

1

2

FIG. 1-23. Anterior-posterior X-ray of the lumbar spine.

 22.  In Figure 1-23, the arrow labeled “1” is pointing to 
which o  the  ollowing structures?

 (A)  spinous process o  L2
 (B)  L2/3 intervertebral disc
 (C)  spinous process o  L3
 (D)  L2/3  acet joint
 (E)  spinous process o  L4

 23.  In Figure 1-23, the arrow labeled “2” is pointing to 
which o  the  ollowing structures?

 (A)  iliac crest
 (B)  sacral  oramina
 (C)  sciatic notch
 (D)  sacral hiatus
 (E)  sacroiliac joint

FIG. 1-24. Sagittal magnetic resonance (MR) image of the 
lumbar spine.

 (A)  L4 compression  racture
 (B)  spondylolisthesis
 (C)  L2-L3 herniated disc
 (D)  L3-L4 herniated disc
 (E)  L4-L5 herniated disc
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Questions: 22–28  9

Note: Questions 25 and 26 re er to the magnetic  
resonance image (MRI) (Figure 1-25).

Note: Questions 27–30 re er to the ultrasound image 
o  the anterior neck (Figure 1-26).

1

2

FIG. 1-25. Sagittal magnetic resonance (MR) image of the 
lumbar spine.

 25.  In Figure 1-25, the arrow labeled “1” is pointing to 
which o  the  ollowing?

 (A)  an epidural hematoma
 (B)  an epidural abscess
 (C)  the L5 vertebral  oramen
 (D)  the conus medullaris
 (E)  the  ilum terminale

 26. In Figure 1-25, the arrow labeled “2” is pointing to 
which o  the  ollowing?

 (A)  L5 vertebral body
 (B)  L5-S1 disc
 (C)  S1 vertebral body
 (D)  sacral  oramen
 (E)  S2 vertebral body

1

2

7

8

Lateral  Medial
6

5

3  4

FIG. 1-26. Ultrasound image of the anterior neck taken in a 
transverse orientation.

 27.  In Figure 1-26, which o  the  ollowing labeled arrows 
most closely points to the thyroid gland?

 (A) 1
 (B) 3
 (C) 4
 (D) 6
 (E) 8

 28.  In Figure 1-26, which o  the  ollowing labeled arrows 
most closely points to the internal jugular vein?

 (A) 4
 (B) 5
 (C) 6
 (D) 7
 (E) 8
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10  1: Basic Anatomy

 29.  In Figure 1-26, which o  the  ollowing labeled arrows 
most closely points to the approximate location o  the 
vagus nerve?

 (A) 1
 (B) 3
 (C) 4
 (D) 6
 (E) 8

 30.  In Figure 1-26, which o  the  ollowing labeled arrows 
most closely points to the approximate location o  the 
phrenic nerve?

 (A) 1
 (B) 2
 (C) 3
 (D) 6
 (E) 8

MCGH380-CH01_001-026.indd   10  13/09/16   3:19 PM



11

Answers and Explanations: 
Basic Anatomy

 1. You are attempting to place a central line in the le t internal 
jugular vein. Which structure is most likely to lie between 
the common carotid artery and the vertebral artery?

 (A)  internal jugular vein
 (B)  thyroid gland
 (C)  transverse process o  C6
 (D)  nerve root o  C7
 (E)  thoracic duct

T e internal jugular vein (IJV) lies in the carotid sheath 
and is most o ten lateral and anterior to the carotid 
artery and vagus nerve (Figure 1-1). It originates at 
the jugular  oramen o  the skull and terminates behind 
the clavicle upon joining with the subclavian vein to 
 orm the brachiocephalic vein. T e IJV overlies much o  
the carotid artery in a signi cant number o  patients—
advancement o  the needle inadvertently thought  

the vein may result in arterial puncture, especially i  the 
needle is directed with a medial angulation.
 Posterior to the carotid sheath and its contents lie the 
transverse processes, scalene muscles, nerve roots, and verte-
bral artery and vein. Vertebral artery puncture and cannula-
tion resulting  rom excessively deep needle advancement 
has been reported during attempted IJV cannulation. T is 
is also a potential risk during interscalene brachial plexus 
block, as the vertebral vessels lie close to the nerve roots.
 T e thoracic duct emerges  rom the thorax between 
the esophagus and the pleura. It  orms an arch poste-
rior to the carotid sheath and in  ront o  the vertebral 
vessels be ore traveling in eriorly and opening into the 
angle o  the junction o  the internal jugular and sub-
clavian veins. Needle injury to the thoracic duct is a 
rare but reported complication o  le t-sided central 
venous access (both IJ and subclavian veins), which 
may result in chylothorax or lymphocutaneous  stula.

11

Middle  thyroid v.

Superior thyroid a . and v.

Thyroid gland:Phrenic n.
La te ra l lobe
Is thmus

Left recurrent la ryngea l n.
Thoracic duct

Trachea

Inferior thyroid v.
Infe rior
thyroid a .

CN X

Vertebra l a .

CN X

Transverse
cervica l a .

Thyrocervica l
trunk
Subclavian a . and v.

Supra-
scapula r a .

Longus  colli m.

FIG. 1-1. Anatomy of the neck. Note the relative position of the carotid artery, the internal jugular vein, and the thoracic duct. 
(Reproduced with permission from Morton DA, Albertine K, Foreman KB: The Big Picture: Gross Anatomy, 1st Ed. New York, NY: 
McGraw Hill; 2011.)
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12  1: Basic Anatomy

Ref: Jacob S. Human Anatomy: A Clinically-Orientated Approach. 
1st ed. London, UK: Churchill Livingstone; 2007.

 2.  Which o  the  ollowing best describes Chassaignac’s 
tubercle?

 (A) the anterior tubercle o  C5 transverse process
 (B) the posterior tubercle o  C5 transverse process
 (C) the anterior tubercle of C6 transverse process
 (D) the posterior tubercle o  C6 transverse process
 (E) the anterior tubercle o  C7 transverse process

Chassaignac’s tubercle is the eponym  or the large, 
anterior tubercle o  the transverse process o  the sixth 
cervical vertebra (Figure 1-2). It can be palpated medial 
to the sternocleidomastoid muscle at the level o  the 
cricoid cartilage. Its immediate anterior relation is 
the carotid artery, which can be compressed against the 
tubercle quite easily when carotid massage is being 
employed  or supraventricular tachycardia.
 Chassaignac’s tubercle is also a use ul landmark  or 
regional anesthetic procedures, such as stellate ganglion 
block. T e stellate ganglion is a sympathetic ganglion 
 ormed by the  usion o  the in erior cervical ganglion 
with the  rst thoracic ganglion (Figure 1-2). A common 
method o  stellate ganglion block involves palpation o  
the C6 tubercle  ollowed by gentle lateral retraction o  
the carotid artery. A needle is then directed to contact the 
tubercle and local anesthetic injected. While the location 
o  the stellate ganglion is typically more in erior (antero-
lateral to the vertebral bodies o  C7 and/or  1), it is 
more dif cult to access directly and the easy palpation o  

the C6 bony landmark makes it a sa er location to insert 
a needle. With suf cient volume (e.g., 20 mL), the local 
anesthetic should spread in eriorly to block the stellate 
ganglion. Landmarking  or deep cervical plexus block 
(e.g., to provide anesthesia  or carotid endarterectomy) is 
also accomplished using Chassaignac’s tubercle.
  ypical cervical vertebrae (C3-C6) have short trans-
verse processes with both anterior and posterior tuber-
cles; each transverse process is per orated by a  oramen 
transversarium, through which pass the vertebral artery 
and vein (Figure 1-3). T e C7 transverse process has a 

FIG. 1-2. Anatomical relationships of the stellate ganglion and the 
cervical transverse processes. (Reproduced with permission from 
Warfield CA, Bajwa ZH. Principles and Practice of Pain Medicine, 2nd 
ed. New York, NY: McGraw Hill; 2004.)

Pos te rior view  Late ra l view  Ante rior view

Superior view

FIG. 1-3. Cervical vertebrae. Front, back, side, and axial views. (Reproduced with permission from 
Mattox KL, Moore EE, Feliciano DV. Trauma. 7th ed. New York, NY: McGraw Hill; 2012.)
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rudimentary (or sometimes absent) anterior tubercle, 
and the vertebral artery and vein lie outside the smaller 
 oramen transversarium.

Ref: Mattox KL, Moore EE, Feliciano DV.  rauma. 7th ed. 
New York, NY: McGraw Hill; 2012.

 3.  When choosing the correct interspace  or a  5-6 
epidural, which o  the  ollowing would be the best sur-
 ace landmark  or initial orientation?

 (A)  the spinous process o  C5
 (B) the spinous process of C7
 (C)  the spinous process o   4
 (D)  the spinous process o   6
 (E)  the spinous process o  L4

While it is possible to palpate spinous processes at 
many levels, the most prominent and most easily pal-
pable is C7 (also named vertebra prominens). T is 
 orms a convenient re erence point to “count down” to 
the desired level when per orming thoracic epidural or 
paravertebral anesthesia. T e spinous processes o  the 
thoracic spine may be easily palpable, but without a 
re erence point it is dif cult to be certain o  the approx-
imate level. Another convenient landmark is the in e-
rior angle o  the scapula, which is usually located at the 
same level as the  7 spinous process (Figure 1-4).

 4.  Identi y the structure indicated by the letter (B) in 
Figure 1-5:

Most prominent
ce rvica l process C7

T7

L4

S2

Infe rior tip
of scapula

Superior a spect of iliac
cres t (Tuffie r’s  line )

Pos te rior superior
iliac spine

FIG. 1-4. Surface landmarks identifying spinal levels. (Reproduced with 
permission from Butterworth JF IV, Mackey DC, Wasnick JD. Morgan and 
Mikhail’s Clinical Anesthesiology. 5th ed. New York, NY: McGraw Hill; 2013.)

FIG. 1-5. Anatomy of the larynx and trachea. (Reproduced with 
permission from  Hung O, Murphy MF. Management of the Difficult 
and Failed Airway. 2nd ed. New York, NY: McGraw Hill; 2012.)

 (A) thyrohyoid ligament
 (B) cricothyroid membrane
 (C) thyroid cartilage
 (D) cricoid cartilage
 (E) corniculate cartilage

On the anterior sur ace o  the larynx, the thyroid car-
tilage (A) and cricoid cartilage (C) o  the larynx are 
connected by the cricothyroid membrane (B). T is 
membrane is approximately 2 to 3 cm wide and about 
1 cm high. T e vocal cords have their anterior attach-
ments approximately 1 cm above the upper border 
o  the cricothyroid membrane. Accessing the airway 
through this membrane (i.e., cricothyrotomy) should 
there ore keep the operator well away  rom these criti-
cal structures. T e only arterial structures o  note are 
the cricothyroid arteries, branches o  the superior thy-
roid arteries. T ese tend to course on the superolateral 
aspect o  the membrane. T ere ore, in making an 
incision with a kni e, keeping as in erior as possible in 
the membrane and limiting the lateral extension o  the  
incision is good practice (although in the heat o   
the moment, trust me–i  you’re doing a cricothyrotomy, 
injury to small vessels is not your primary concern). 
About 40% o  people have a pyramidal thyroid lobe 
that extends superiorly in the midline and there ore 
may be injured during cricothyrotomy.

Ref: Hung O, Murphy MF. Management o  the Dif cult and 
Failed Airway. 2nd ed. New York, NY: McGraw Hill; 
2012.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.
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Pulmonary
ligament

Aortic
impress ion
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FIG. 1-6. A. Right lung in medial view. B. Bronchial tree and lungs. C. left lung in medial view. (Reproduced with permission from  
Morton DA, Albertine K, Foreman KB. The Big Picture: Gross Anatomy. 1st ed. New York, NY: McGraw Hill; 2011.)
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 5.  Auscultation is per ormed on the right posterior chest 
at the level o   4, revealing crackles. Which o  the  ol-
lowing best describes the a ected pulmonary lobe?

 (A)  right upper lobe
 (B)  right middle lobe
 (C)  lingual
 (D)  right posterior lobe
 (E)  right lower lobe

Auscultation o  the chest requires an understanding o  
the underlying pulmonary anatomy. T e lower lobes o  
both lungs extend superiorly up to the level o  the  3 
spinous process (Figure 1-6). All but the topmost areas 
o  the back there ore represent underlying lower lobes. 
In the le t chest, the entire anterior portion is comprised 
o  the le t upper lobe, while the right anterior chest is 
primarily right upper lobe, with a small contribution 
 rom the right middle lobe. T e oblique  ssures run 
anteroin eriorly to superoposteriorly, and thus ausculta-
tion on the side o  the chest may detect abnormal breath 
sounds in any o  the lobes, depending on the level.
 T e lingula is the in erior division o  the le t upper 
lobe. T ere are no posterior lobes in either lung.

Ref: Morton DA, Albertine K, Foreman KB. Gross Anatomy: 
T e Big Picture. 1st ed. New York, NY: McGraw Hill; 
2011.

 6.  With respect to the Figure 1-7, which o  the  ollowing 
statements best describes the relationship between the 
cardiac silhouette and underlying cardiac anatomy?

FIG. 1-7. Cardiac silhouette and rib cage.

FIG. 1-8. Orientation of the heart in situ. The right and left ventricles 
form the inferior and left borders, respectively. The apical portion of 
the left ventricle also contributes to the inferior border. The right 
atrium forms the majority of the right border. Arrows correspond to 
anterior AV groove. (Reproduced with permission from Fuster V, 
Walsh R, Harrington R. Hurst’s The Heart. 13th ed. New York, NY: 
McGraw Hill; 2011.)

Ref: Fuster V, Walsh R, Harrington R. Hurst’s T e Heart. 
13th ed. New York, NY: McGraw Hill; 2011.

 7.  Which o  the  ollowing best describes the recommended 
locations to auscultate the aortic and mitral valves?

 (A)  aortic at le t 2nd intercostal space; mitral at  
2nd right intercostal space

 (B)  aortic at right 2nd intercostal space; mitral at  
2nd le t intercostal space

 (C)  aortic at le t 2nd intercostal space; mitral at apex

 (A)  the le t border o  the heart is  ormed primarily 
by le t atrium.

 (B)  the left border of the heart is formed primar-
ily by left ventricle.

 (C)  the in erior border o  the heart is  ormed  
primarily by right atrium.

 (D)  the right border o  the heart is  ormed primarily 
by right ventricle.

 (E)  the right border o  the heart is  ormed by both 
the right and le t atria.

T e le t heart border is made up almost entirely o  the le t 
ventricle, while the in erior border comprises the apical 
portion o  the le t ventricle and the right ventricle. T e 
right heart border is primarily right atrium (Figure 1-8).
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16  1: Basic Anatomy

 (D)  aortic at right 2nd intercostal space; mitral at apex
 (E)  aortic at le t 2nd intercostal space; mitral at le t 

sternal edge

T e cardiac valves are clustered relatively closely in the 
mediastinum, but because o  their position behind  
the sternum, they best heard at di erent locations. 
T ese are (Figure 1-9):

Aortic valve: right 2nd intercostal space
Pulmonic valve: le t 2nd intercostal space
Mitral valve: apex
 ricuspid valve: le t in erior sternal edge

Ref: Fuster V, Walsh R, Harrington R. Hurst’s T e Heart. 
13th ed. New York, NY: McGraw Hill; 2011.

 8.  Which o  the  ollowing best describes the anatomical 
relations o  the subclavian vein when considering it as 
an approach  or central venous cannulation?

 (A)  The vein is anterior to the subclavian artery.
 (B)   he vein is in erior to the subclavian artery.
 (C)   he vein is superior to the subclavian artery.
 (D)   he vein passes over the  irst rib posterior to the 

anterior scalene muscle.
 (E)   he vein is lateral to the brachial plexus.

T e subclavian vein is the continuation o  the axillary 
vein. It lies anterior to the subclavian artery beneath the 
clavicle, and passes over the  rst rib immediately medial 
to the anterior scalene muscle, which separates the vein 
 rom the artery (Figure 1-10). When per orming 
subclavian vein cannulation, a needle directed too pos-
teriorly may enter the subclavian artery. Likewise, a 
needle directed too deep may pass between the  rst and 
second ribs and result in a pneumothorax. For this 

FIG. 1-9. Anatomical position of heart valves relative to surface 
landmarks. Arrows point to where each valve sound is heard 
best on the chest wall during auscultation. A =  aortic valve,  
M =  mitral valve, P =  pulmonic valve, T =  tricuspid valve.
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FIG. 1-10. Anatomical relationships surrounding the subclavian vein. (Reproduced with permission from Tintinalli JE. Tintinalli’s Emergency 
Medicine: A Comprehensive Study Guide. 7th ed. New York, NY: McGraw Hill; 2011.)
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reason, most descriptions o  the technique advise per-
 orming the skin puncture at the junction o  the lateral 
1/3 and medial 2/3 o  the clavicle and directing the 
needle towards the sternal notch, aiming to stay close to 
the in erior aspect o  the clavicle.

Ref:  intinalli JE.  intinalli’s Emergency Medicine: A Com-
prehensive Study Guide. 7th ed. New York, NY: McGraw 
Hill; 2011.

 9.  A line connecting the two iliac crests should pass 
through which vertebral level?

 (A)   12
 (B)  L2
 (C)  L4
 (D)  S1
 (E)  S2

T e line connecting the iliac crests (intercristal line) has 
been described as typically crossing the vertebral level 
o  L4, although it may be at the L4-L5 disc space, the 
L3-L4 disc space, or another level altogether 
(Figure 1-11). T e precision o  manually estimating the 
vertebral level has been shown to be poor compared 
with standards such as MRI or ultrasonography, and 
estimates are  requently o  by one or two entire levels. 
T e reason  or this relates to the variability o  the so t 
tissue overlying the iliac crests and the dif culty in pre-
cisely locating the osseous landmarks. When consid-
ered radiographically, the intercristal line does cross the 
L4 vertebra.
 In the thoracic spine, the in erior angle o  the scap-
ulae are approximately at the level o  the  7 spinous 
process, although this is also not completely reliable.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 10. Use ul landmarks  or identi ying the caudal space 
include which o  the  ollowing?

 (A)  iliac crests
 (B)  ischial tuberosities
 (C)  sciatic notch
 (D)  sacral cornua
 (E)  S4 spinous process

Sur ace landmarks  or per orming caudal anesthesia 
are relatively straight orward. T e needle must pass 
through the sacral hiatus to access the sacral portion o  
the epidural space. T e sacral hiatus is a midline de ect 
resulting  rom the un used laminae o  S4 and S5 and is 
covered by the sacrococcygeal ligament. T is may be 

FIG. 1-11. A line connecting the two iliac crests should pass through the vertebral body of L4. A line 
connecting the two angles of the scapulae should pass through T7. (Reproduced with permission from 
Longnecker DE, Brown DL, Newman MF, Zapol WM. Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.)

A

B

FIG. 1-12. A: Caudal approach: Angle of needle insertion required 
to enter the caudal canal. B: Landmarks. (Reproduced with 
permission from Hadzic A. NYSORA Textbook of Regional Anesthesia 
and Acute Pain Medicine. 1st ed. New York, NY: McGraw Hill; 2007.)
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18  1: Basic Anatomy

 elt as a depression just proximal to the coccyx, 
bounded on either side by two bony prominences, the 
sacral cornua. T e hiatus  orms an equilateral triangle 
with the posterior superior iliac spines, another help ul 
landmark (Figure 1-12).

Ref: Hadzic A. NYSORA  extbook o  Regional Anesthesia and 
Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

 11.  Which o  the  ollowing best describes the order o  
structures  ound just proximal to the wrist,  rom lateral 
(radial side) to medial (ulnar side)?

 (A)  radial artery, radial nerve, median nerve, ulnar 
artery, ulnar nerve

 (B)  radial nerve, radial artery, median nerve, 
ulnar artery, ulnar nerve

 (C)  radial artery, radial nerve, median nerve, ulnar 
nerve, ulnar artery

 (D)  radial nerve, radial artery, median nerve, ulnar 
nerve, ulnar artery

 (E)  radial artery, median nerve, radial nerve, ulnar 
artery, ulnar nerve

Ref: Hadzic A. Hadzic’s Peripheral Nerve Blocks and Anatomy  or 
Ultrasound Guided Regional Anesthesia. 2nd ed. New York, 
NY: McGraw Hill; 2012.

 12.  Which o  the  ollowing best describes the location o  
the posterior tibial nerve?

 (A)  posterior to the medial malleolus
 (B)  anterior to the medial malleolus
 (C)  posterior to the lateral malleolus
 (D)  lateral to the Achilles tendon
 (E)  adjacent to the dorsalis pedis artery

T e posterior tibial nerve is one o   ve nerves that 
innervate the  oot:

 1.  Posterior tibial nerve (branch o  the tibial nerve). 
Innervates heel and sole o  the  oot, as well as most 
o  the bones, ligaments and muscles o  the  oot. 
Located posterior to medial malleolus, adjacent to 
posterior tibial artery.

 2.  Super cial peroneal nerve(s) (branches o  common 
peroneal nerve). Innervate dorsum o   oot. Located 
super cially on extensor sur ace o  ankle.

 3.  Deep peroneal nerve (branch o  the common pero-
neal nerve). Innervates webspace o   rst and second 
toe. Located anterior to tibia, adjacent to dorsalis 
pedis artery.

 4.  Sural nerve ( ormed by joining o  medial sural cuta-
neous nerve [ rom tibial nerve] and lateral sural 
cutaneous nerve [ rom peroneal nerve]). Innervates 
lateral aspect o   oot. Located super cially and 
immediately lateral to the Achilles tendon.

 5.  Saphenous nerve (branch o   emoral nerve). Inner-
vates medial malleolus and variable amount o  
medial portion o   oot. Located anterior to medial 
malleolus.

Ref: Hadzic A. Hadzic’s Peripheral Nerve Blocks and Anatomy  or 
Ultrasound Guided Regional Anesthesia. 2nd ed. New York, 
NY: McGraw Hill; 2012.

FIG. 1-13. Anatomy of the right wrist. 1 =  median nerve, 2 =  
flexor palmaris longus, 3 =  flexor carpi radialis, 4 =  ulnar artery, 
5 =  ulnar nerve, 6 =  radial artery, 7 =  flexor carpi ulnaris. 
(Reproduced with permission from Hadzic A. Hadzic’s Peripheral 
Nerve Blocks and Anatomy for Ultrasound Guided Regional 
Anesthesia. 2nd ed. New York, NY: McGraw Hill; 2012.)
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To deep peronea l N
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Extensor ha llucis  longus  tendon
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FIG. 1-14. Innervation of the ankle joint and foot. (Reproduced with permission from Hadzic A. Hadzic’s Peripheral Nerve 
Blocks and Anatomy for Ultrasound Guided Regional Anesthesia. 2nd ed. New York, NY: McGraw Hill; 2012.)

 13.  Which ONE o  the  ollowing matching pairs o  spinal 
roots and dermatomal regions is correct?

 (A)  C8; posterior aspect o  the thumb
 (B)   5; axilla
 (C)  L1; umbilicus
 (D)  L3; dorsal aspect o  the  oot
 (E)  S1; popliteal fossa

T e sensory innervation o  the skin o  the body (except 
 or the  ace) is organized in a straight orward and logical 
pattern based on spinal nerve roots (Figure 1-15). T e 
thorax and abdomen are easiest to understand, since the 
intercostal nerves wrap around circum erentially on 
either side, producing “bands” o  dermatomal coverage. 

As each spinal root emerges  rom the intervertebral 
 oraminae, a small dorsal ramus branches o  posteriorly 
to supply the dorsal aspect o  the trunk (i.e., the spinal 
midline and the couple o  inches either side o  it).
 T e much larger ventral ramus (what we typically 
think o  as the intercostal nerves) continues on to 
innervate the lateral and anterior aspects o  the trunk 
in addition to the limbs. I’ll repeat that. T e cervical, 
brachial and lumbosacral plexi are  ormed by the ven-
tral roots only. T is is why there are no anterior C6, 
C7, or C8 dermatomes on the anterior chest wall—it 
skips  rom C5 right to  1. T e ventral roots and their 
branches are exclusively devoted to the upper limb. In 
contrast, the dorsum o  the body is sequentially 
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innervated  rom C2 right through to S5. Don’t worry 
about the sensory territory o  C1, he’s strictly a motor 
nerve supplying several muscles in the neck.
 Okay, so what’s the deal with the weirdo pattern o  
innervation o  the lower limb? During  etal develop-
ment, the limb buds emerge  rom the tubular embryo, 
“dragging” respective nerves with each myotome. Early 
on, the sole o  the developing  oot  aces  orward, but 
over time, the limb undergoes a complete medial rota-
tion so that the knee is  acing  orward and the sole 
towards the posterior. T is rotation drags the already 
developed dermatomes with the underlying tissues, so 
that a “barber-pole” pattern emerges, like diagonal 
stripes running down  rom laterally to medially.

Ref: Morton DA, Albertine K, Foreman KB. Gross Anatomy: 
T e Big Picture. 1st ed. New York, NY: McGraw Hill; 
2011.

 14.  You wish to per orm a screening motor exam on a 
patient. Which ONE o  the  ollowing matched pairs o  
nerve roots and corresponding muscle actions is correct?

 (A)  C5-6; elbow flexion
 (B)  C5; thumb opposition
 (C)  L1; hip  lexion
 (D)  L5; knee extension
 (E)  S2; ankle dorsi lexion

You don’t need to be the world’s best neurologist to be a 
sa e anesthesiologist. You do, however, need to know how 
to look  or nerve root problems. Here’s one common way 
to test  or motor  unction. T e power o  the isometric 
contraction against resistance can be graded against the 
contralateral limb. Memorize this list and move on.

C2
C3C3

C2C2

C3C3
C4C4
C5C5

C4C4
T1T1

L1L1

L3L3

L4L4

L5L5

L5

L2L2

T2T2

C6C6
C8C8

C7C7

T2T2
T1T1

T4T4
T3T3

T6T6
T5T5

T8T8
T7T7

T10T10
T9T9

T12T12
T11T11

L2L2
L3L3

L4L4

L5L5
S1S1

S2S2

L1L1

T3T3
T4T4

T5T5
T6T6

T7T7
T8T8

T9T9
T10T10

T11T11
T12T12

C5C5
C6

C6

S3

S2,3

S1

L5 L4L6

S4

S5

L1

L2

L3

C7

C8 C8

FIG. 1-15. Dermatomal innervation of the body. (Reproduced 
with permission from Diwan S, Staats P: Atlas of Pain Medicine 
Procedures. New York, NY: McGraw Hill, 2014.)

TABLE 1-1. Maneuvers for testing motor function of 
selected nerve roots.

Nerve roots  Diagnostic maneuver

C5-6  Arm flexion against resistance (musculocutaneous 
nerve)

C6-7  Wrist extension against resistance (radial nerve)
C8  Grip strength (median nerve)
T1  Finger abduction (fanning) against resistance  

(ulnar nerve)
C8-T1  Thumb opposition against resistance (median nerve)
L2-L3  Hip flexion against resistance (femoral nerve)
L3-4  Knee extension against resistance (femoral nerve)
L4-5  Ankle dorsiflexion against resistance (peroneal nerve)
L5-S1  Knee flexion against resistance (sciatic nerve)
S1-S2  Ankle plantarflexion against resistance (tibial nerve)

FIG. 1-16. Axial computed tomography (CT) of the chest 
(unlabeled).

Ref: Hadzic A. NYSORA  extbook o  Regional Anesthesia and 
Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

Note: Questions 15–17 re er to the computerized tomog-
raphy (CT) image o  the chest (Figures 1-16–1-17).

 15.  T e arrow labeled “1” is pointing to:

 (A)  the aortic arch
 (B)  the ascending aorta
 (C)  the descending aorta
 (D)  the common carotid artery
 (E)  the pulmonary trunk
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Answers: 14–19  21

 16.  T e arrow labeled “2” is pointing to:

 (A)  a peribronchial lymph node
 (B)  bronchus intermedius
 (C)  the le t mainstem bronchus
 (D)  the azygous vein
 (E)  the esophagus

 17.  T e arrow labeled “3” is pointing to:

 (A)  the superior vena cava
 (B)  the in erior vena cava
 (C)  the descending aorta
 (D)  the le t pulmonary artery
 (E)  the right pulmonary artery

 18.  T e chest X-ray pictured is MOS  compatible with 
which o  the  ollowing diagnoses (Figure 1-18)?

 (A)  right upper lobe consolidation
 (B)  right middle lobe consolidation
 (C)  right lower lobe consolidation
 (D)  right-sided lung cancer
 (E)  atelectasis

T is chest X-ray shows airspace consolidation in the 
right middle lobe. T e horizontal  ssure is clearly seen 
separating the a ected area  rom the right upper lobe. 
T e costophrenic angle and diaphragm are also clearly 
seen, indicating a lack o  consolidation in the lower 
lobe. Air bronchograms can be seen. Atelectasis may 
also appear as a wedge-shaped or linear opacity, but 
there is typically associated volume loss and ipsilateral 
shi t,  eatures not seen on this radiograph. T ere is no 
obvious lung cancer seen.

Ref: Chen MYM, Pope  L, Ott DJ. Basic Radiology. 2nd ed. 
New York, NY: McGraw Hill; 2011.

Spina l cord

Esophagus

Bronchus  inte rmedius

Right pulmonary a rte ry

Descending aorta

Left pulmonary a rtery

Left mains te rn bronchus

Left pulmonary ve in

Pulmonary trunkAscending aorta

Superior vena  cava

FIG. 1-17. Axial computed tomography (CT) of the chest 
(labeled).

Ref: Chen MYM, Pope  L, Ott DJ. Basic Radiology. 2nd ed. 
New York, NY: McGraw Hill; 2011.

FIG. 1-18. Posterior-anterior (PA) chest X-ray.

FIG. 1-19. Axial computed tomography (CT) slice of the head.

 19.  Which o  the  ollowing is the most likely diagnosis 
based on the image shown Figure 1-19?

 (A)  meningioma
 (B)  astrocytoma
 (C)  subdural hematoma
 (D)  epidural hematoma
 (E)  subarachnoid hematoma

T is head C  shows a convex, lens-shaped hyperdense 
mass that is characteristic o  an epidural hematoma. 
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22  1: Basic Anatomy

 21. T e lateral  exion-extension cervical spine X-rays 
shown Figure 1-21 MOS  clearly demonstrate:

(1) ________  (A) CEREBELLUM  (K)   MIDBRAIN

(2) ________  (B)  PONS  (L)   PITUITARY GLAND

(3) ________  (C) PARIETAL LOBE  (M) LATERAL VENTRICLE

(4) ________  (D) SPINAL CORD  (N)   THALAMUS

(5) ________  (E)  CORPUS CALLOSUM  (O)   TENTORIUM

(6) ________  (F)  ARCH OF ATLAS (C1)  (P)   FRONTAL LOBE

(7) ________  (G) CAVERNOUS SINUS  (Q)  EPIGLOTTIS

(8) ________  (H) MEDULLA  (S)    CEREBELLAR TONSIL

(9) ________  (I)  VOCAL CORDS  (T)   SPHENOID SINUS

(10) ________  (J)   ODONTOID PROCESS  (U)   OPTIC NERVE

1

10

9

8

7

6

2

3

4

5

FIG. 1-20. Magnetic resonance image (MRI) of the head.

FIG. 1-21. Flexion/extension cervical spine X-rays.

Some midline shi t is also seen with compression o  the 
ipsilateral lateral ventricle. Cranial epidural hematomas 
usually result  rom a blow to the head that causes sepa-
ration o  the periosteal dura  rom the bone and shear-
ing o  the interposed blood vessels. T ese are most 
commonly seen in the temporoparietal region, with 
the middle meningeal artery being the most common 
culprit vessel. Subdural hematomas, in contrast, typi-
cally appear as concave hyperdensities.

Ref: Chen MYM, Pope  L, Ott DJ. Basic Radiology. 2nd ed. 
New York, NY: McGraw Hill; 2011.

 20.  Match the numbered anatomical structures labeled on 
this sagittal MRI o  the head to the available lettered 
choices (Figure 1-20).

1D, 2 J, 3 A, 4 O, 5E, 6P, 7 L, 8 T, 9 H, 10Q

Ref: Chen MYM, Pope  L, Ott DJ. Basic Radiology. 2nd ed. 
New York, NY: McGraw Hill; 2011.

 (A)  a C7 spinous process  racture
 (B)  spondylolisthesis
 (C)  osteoarthritis with decreased range o  motion
 (D)  a vertebral body “step-o  ”
 (E)  atlantoaxial subluxation

Atlantoaxial subluxation is de ned as the posterior 
movement o  the odontoid process into the vertebral 
 oramen o  the C1 vertebra with neck  exion, thereby 
narrowing the spinal canal. T is is caused by laxity o  
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FIG. 1-22. Flexion/extension cervical spine X-rays showing 
excessive widening of the predentate space.

the transverse ligament that normally holds the odon-
toid process in place against the anterior arch o  C1 and 
restricts posterior movement. Subluxation may be so 
severe that it causes impingement o  the spinal cord, 
leading to motor and/or sensory symptoms, as well as 
bowel/bladder or other myelopathic symptoms. Condi-
tions associated with increased laxity include Down syn-
drome, rheumatoid arthritis, systemic lupus erythema-
tosus, psoriatic arthritis, neuro bromatosis and trauma.
 T e diagnosis can be made with lateral cervical 
spine radiographs in both  exion and extension 

(Figure 1-22). T e space between the odontoid process 
and the posterior aspect o  the anterior tubercle o  C1 
(the “predentate space”) should be negligible in exten-
sion. In  exion, a widening o  the space by 3 mm or 
less in adults (5 mm or less in children) is considered 
normal. Abnormally wide predentate spaces should 
prompt a re erral to a neurosurgeon  or  urther evalua-
tion. Patients scheduled  or surgery with severe rheu-
matoid arthritis or symptomatic Down syndrome 
patients should have screening X-rays per ormed.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

Note: Questions 22 and 23 re er to the plain f lm o  
the lumbar spine (Figure 1-23).

1

2

FIG. 1-23. Anterior-posterior X-ray of the lumbar spine.

 22.  In Figure 1-23, the arrow labeled “1” is pointing to 
which o  the  ollowing structures?

 (A)  spinous process o  L2
 (B)  L2/3 intervertebral disc
 (C)  spinous process of L3
 (D)  L2/3  acet joint
 (E)  spinous process o  L4

Ref: Chen MYM, Pope  L, Ott DJ. Basic Radiology. 2nd ed. 
New York, NY: McGraw Hill; 2011.
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24  1: Basic Anatomy

structures. Likewise, signi cant displacement o  any o  
the vertebrae (e.g., spondylolisthesis) is not apparent. 
Normal-appearing intervertebral discs are observed 
between L1-2, L2-3, and L3-4. However, there is sig-
ni cant posterior disc herniation o  the L4-5 disc 
resulting in compression o  the thecal sac. T e L5-S1 
disc is also bulging into the spinal canal to a lesser 
extent. MRI is the modality o  choice to diagnose disc 
herniation.

Ref: Chen MYM, Pope  L, Ott DJ. Basic Radiology. 2nd ed. 
New York, NY: McGraw Hill; 2011.

Note: Questions 25 and 26 re er to the magnetic  
resonance image (MRI) (Figure 1-25).

 23.  In Figure 1-23, the arrow labeled “2” is pointing to 
which o  the  ollowing structures?

 (A)  iliac crest
 (B)  sacral  oramina
 (C)  sciatic notch
 (D)  sacral hiatus
 (E)  sacroiliac joint

Ref: Chen MYM, Pope  L, Ott DJ. Basic Radiology. 2nd ed. 
New York, NY: McGraw Hill; 2011.

 24.  Which o  the  ollowing best describes the clinical diagno-
sis that can be made  rom the MRI seen in Figure 1-24?

FIG. 1-24. Sagittal magnetic resonance (MR) image of the 
lumbar spine.

1

2

FIG. 1-25. Sagittal magnetic resonance (MR) image of the 
lumbar spine. (A)  L4 compression  racture

 (B)  spondylolisthesis
 (C)  L2-L3 herniated disc
 (D)  L3-L4 herniated disc
 (E)  L4-L5 herniated disc

In this sagittal MRI o  the lumbar spine, the  rst two 
sacral vertebral bodies can be visualized most caudally, 
 ollowed by the vertebral bodies o  L5 through L2. T e 
vertebral body o  L1 is partially seen. T ere are no 
obvious bony de ormities such as  racture within these 

 25.  In Figure 1-25, the arrow labeled “1” is pointing to 
which o  the  ollowing?

 (A)  An epidural hematoma
 (B)  An epidural abscess
 (C)   he L5 vertebral  oramen
 (D)  The conus medullaris
 (E)   he  ilum terminale
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 26. In Figure 1-25, the arrow labeled “2” is pointing to 
which o  the  ollowing?

 (A)  L5 vertebral body
 (B)  L5-S1 disc
 (C)  S1 vertebral body
 (D)  sacral  oramen
 (E)  S2 vertebral body

In this sagittal MRI, the spinal cord and nerve roots 
can be seen as dark structures in the spinal canal out-
lined against the bright CSF background. T e arrow 
labeled “1” is pointing toward the terminal portion o  
the spinal cord, the conus medullaris. T e spinal cord 
typically ends at the level o  the L1 vertebral body in 
adults (in this image, it appears to end at the L1-2 disc 
space). In in ants, it ends at approximately L3. T e 
clinical implication  or this is clear—spinal anesthesia 
should be per ormed at a level suf ciently distal to the 
L1 space so as to minimize the risk o  contacting the 
conus with the needle. Given that practitioners are 
notoriously poor at correctly estimating level by sur-
 ace landmarks such as iliac crests (may be mistakenly 
o  by as many as two levels), it may be prudent to 
routinely place the needle at L4-5 or L5-S1.
 T e sacrum can be distinguished  rom the lumbar 
spinal elements due to its  used nature. No interverte-
bral discs can be observed between segments S1 and S2 
in this image (just a small space), whereas substantial 
discs are seen between all lumbar vertebrae. O  note, 
the dural sac typically ends at about S1 in adults (S3 in 
in ants).
 T e  lum terminale is a delicate strand o   brous 
tissue (o  pial origin) that extends  rom the conus 
medullaris to the end o  the spinal canal ( lum termi-
nale internus), and then through the sacral epidural 
space ( lum terminale externus) where it attaches to 
the coccyx.

Ref: Chen MYM, Pope  L, Ott DJ. Basic Radiology. 2nd ed. 
New York, NY: McGraw Hill; 2011.
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FIG. 1-26. Ultrasound image of the anterior neck taken in a 
transverse orientation.
1 =  Approximate location of phrenic nerve running along  

anterior surface of anterior scalene muscle
2 = Sternocleidomastoid muscle
3 = Thyroid gland
4 = Airspace within trachea
5 = Internal carotid artery
6 =  Approximate location of the vagus nerve within the carotid 

sheath
7 = Internal jugular vein
8 = Anterior scalene muscle

 27.  In Figure 1-26, which o  the  ollowing labeled arrows 
most closely points to the thyroid gland?

 (A) 1
 (B) 3
 (C) 4
 (D) 6
 (E) 8

 28.  In Figure 1-26, which o  the  ollowing labeled arrows 
most closely points to the internal jugular vein?

 (A) 4
 (B) 5
 (C) 6
 (D) 7
 (E) 8

Note: Questions 27–30 re er to the ultrasound image 
o  the anterior neck (Figure 1-26).
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26  1: Basic Anatomy

 29.  In Figure 1-26, which o  the  ollowing labeled arrows 
most closely points to the approximate location o  the 
vagus nerve?

 (A) 1
 (B) 3
 (C) 4
 (D) 6
 (E) 8

 30.  In Figure 1-26, which o  the  ollowing labeled arrows 
most closely points to the approximate location o  the 
phrenic nerve?

 (A) 1
 (B) 2
 (C) 3
 (D) 6
 (E) 8

T is image is one commonly acquired  or ultrasound-
guided internal jugular vein (IJV) cannulation. It is 
obtained by placing a linear ultrasound transducer in a 
transverse orientation just lateral to the cricoid carti-
lage and sliding medial and lateral to center the IJV. 
T e vein is distinguished  rom the nearby carotid 
artery in  our ways:

 1.  T e IJV is typically lateral and super cial to the 
carotid artery.

 2.  T e vein is o ten triangular or irregularly shaped, 
whereas the carotid artery is round. With increasing 
pressure on the skin with the ultrasound transducer, 
the vein can be made to collapse, whereas the artery 
will not.

 3.  An awake patient can be asked to per orm a  
Valsalva maneuver, which will greatly increase the 
cross-sectional area o  the vein.

 4.  T e color Doppler  unction can be used to  
con rm brisk pulsatile  ow in the artery but not 
the vein. However, this can be misleading in some 
cases where transmitted pulsations through the ves-
sel walls also render the  ow in the IJV pulsatile.

With the IJV target con rmed, a needle is directed 
out-o -plane (i.e., straight down  rom above), passing 
through the sternocleidomastoid muscle. T e operator 
watches closely  or the indentation o  the anterior wall 
o  the vein by the needle, and a ter a “pop” is  elt, the 
needle tip should be visible within the lumen o  the 
IJV, and venous blood aspirated to con rm placement. 
Most operators will then set the transducer down, and 
use the nondominant  hand to advance a wire through 
the needle. Con rmation o  the wire location in the 
IJV can be per ormed using ultrasound prior to dila-
tion and cannula insertion.

Ref: Carmody KA, Moore CL, Feller-Kopman D. Handbook 
o  Critical Care and Emergency Ultrasound. New York, NY: 
McGraw Hill; 2011.
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27

 CHAPTER 2

Central and Peripheral Nervous System 
Anatomy and Physiology

 1. Which o  the  ollowing pathways is involved in the 
transmission o  pain?

 (A) corticobulbar tract
 (B) corticospinal tract
 (C) lateral spinothalamic tract
 (D) dorsal columns
 (E) medial lemniscus

 2. A patient has a lesion involving one hal  o  the spinal 
cord (Brown-Sequard syndrome). Which o  the  ollow-
ing best describes the expected de cit?

 (A) contralateral weakness
 (B) ipsilateral impaired vibratory sensation
 (C) contralateral impaired sense o  joint position
 (D) ipsilateral impaired pain sensation
 (E) contralateral loss o  all sensation

 3. T e cerebral cortex is made up o  6 lobes. Which o   
the  ollowing lobes is involved in “ ght-or- ight” 
responses?

 (A)  rontal
 (B) parietal
 (C) corpus callosum 
 (D) insula
 (E) limbic

 4. Which o  the  ollowing parts o  the cerebellum is 
involved in propulsive movements such as walking?

 (A) the vermis
 (B) paleocerebellum
 (C) neocerebellum
 (D) archicerebellum
 (E)  locculonodular system

 5. Which o  the  ollowing structures acts as a major out-
 ow o  the basal ganglia? 

 (A) caudate
 (B) putamen
 (C) globus pallidus
 (D) subthalamic nucleus
 (E) red nucleus

 6. Control over the transition  rom inspiration to expira-
tion is located in which o  the  ollowing areas?

 (A) nucleus o  the tractus solitarius
 (B) ventral respiratory group
 (C) dorsal respiratory group
 (D) medullary respiratory center
 (E) apneustic center

 7. T e respiratory pattern o  inspiration and expiration 
can be in uenced by the carotid and aortic arterial che-
moreceptors. A erent  bers o  the glossopharyngeal 
and vagus nerves project this in ormation primarily to 
which o  the  ollowing areas?

 (A) nucleus tractus solitarius
 (B) ventral respiratory group
 (C) botzinger complex
 (D) apneustic center
 (E) pontine respiratory group

 8. T e anatomic location o  the reticular  ormation 
includes all o  the  ollowing areas EXCEP :

 (A) thalamus 
 (B) midbrain
 (C) pons
 (D) medulla oblongata 
 (E) locus ceruleus
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28  2: Central and Peripheral Nervous System Anatomy and Physiology

 9. T e vertebral arteries pass through the  oramen mag-
num o  the skull and  orm which o  the  ollowing 
blood vessels?

 (A) anterior cerebral artery
 (B) anterior communicating artery
 (C) posterior cerebral artery
 (D) posterior communicating artery 
 (E) basilar artery

 10. Which o  the  ollowing veins or venous sinuses o  the 
head typically drains into the external jugular vein?

 (A) occipital vein
 (B) superior sagittal sinus
 (C) pterygoid plexus 
 (D) cavernous sinus
 (E) great cerebral vein (o  Galen)

 11. In the adult, the in erior end o  the spinal cord, or 
conus medullaris, is typically at what level o  the verte-
bral column?

 (A) L2
 (B) L3 
 (C) L4 
 (D) L5 
 (E) S1

 12. A medial branch block is o ten per ormed in the diag-
nosis o   acet joint pain in the spine. T e “medial 
branch” is the mainly sensory component o  which 
branch o  a spinal nerve?

 (A) dorsal ramus
 (B) ventral ramus
 (C) rami communicantes
 (D) dorsal root ganglion
 (E) ventral root

 13. T e  4 dermatome level typically corresponds to which 
o  the  ollowing?

 (A) nipple
 (B) umbilicus
 (C) anterior aspect o  neck
 (D) posterior aspect o  thumb
 (E) anterior aspect o  thigh

 14. A patient undergoes an open abdominal aortic aneu-
rysm repair with supra-renal aortic cross-clamping. 
Postoperatively, the patient is noted to have paraplegia 
with preserved proprioceptive sensory  unction. I  the 
spinal cord injury was due to placement o  the aortic 
cross-clamp, which o  the  ollowing spinal arteries was 
likely interrupted?

 (A) anterior sulcal artery
 (B) posterolateral spinal artery
 (C) anterior spinal artery
 (D) anterior medial spinal artery
 (E) great radicular artery

 15. During the second stage o  labor, a patient notes sig-
ni cant perineal pain. Sensory innervation o  the 
perineum originates  rom which o  the  ollowing nerves?

 (A) lumbosacral trunk
 (B) superior hypogastric plexus
 (C) hypogastric nerve
 (D) pelvic splanchnic nerves
 (E) pudendal nerve

 16. At approximately the L3/4 level, an epidural catheter is 
placed  or management o  labor pain. T e epidural 
catheter does not  unction as expected: onset o  analge-
sia is delayed and the analgesia is patchy in distribution. 
Where is the likely location o  the catheter?

 (A) intervertebral  oramina
 (B) subarachnoid space
 (C) subdural space
 (D) epidural space
 (E) epidural vein

 17. Which o  the  ollowing proposed anatomic boundaries 
o  the posterior epidural space is correct?

 (A) rostral boundary =  sacral hiatus
 (B) caudal boundary =  base o  the skull
 (C) posterior boundary =  interspinous ligament
 (D) lateral boundary =  pedicle
 (E) anterior boundary =  spinal cord
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 18. T e oculomotor nerve (cranial nerve III) provides para-
sympathetic innervation o  the eye via which o  the 
 ollowing ganglia?

 (A) geniculate ganglion
 (B) sphenopalatine ganglion
 (C) otic ganglion
 (D) ciliary ganglion
 (E) submaxillary ganglion

 19. During preoperative anesthetic assessment, a patient 
 eels unwell and “ aints.” Neurally mediated syncope 
may be caused by which o  the  ollowing?

 (A) diabetes
 (B) volume depletion
 (C) supraventricular tachycardia
 (D) ocular pressure
 (E) myocardial ischemia

 20. Various ganglia provide autonomic innervation to the 
head. Which o  the  ollowing ganglia contains pregan-
glionic sympathetic  bers?

 (A) submaxillary
 (B) ciliary
 (C) sphenopalatine
 (D) otic
 (E) superior cervical

 21. Activation o  receptors in the carotid sinus activates a 
re ex arc termed the baroreceptor re ex (barore ex). 
Which part o  this re ex is correctly identi ed?

 (A) Low blood pressure increases the number o  
baroreceptor action potentials.

 (B) A  erent nerve  ibers travel  rom the carotid 
sinus via the vagus nerve to the medulla.

 (C) In the medulla, the nucleus o  the tractus  
solitarius (N S) releases GABA.

 (D)  onic discharge o  sympathetic nerves is inhib-
ited.

 (E) Resultant change includes vasoconstriction and 
tachycardia.

 22. In the spinal cord, which o  the  ollowing components 
o  the sympathetic nervous system  orms the white 
rami communicantes?

 (A) preganglionic neuron
 (B) postganglionic neuron
 (C) collateral ganglion
 (D) spinal nerve
 (E) sympathetic ganglion

 23. A erent nociceptors respond to various harm ul stim-
uli. In order to respond to stimuli, which type o  
peripheral nociceptor requires activation by in amma-
tory mediators?

 (A) silent
 (B) polymodal
 (C) thermoreceptor
 (D) mechanoreceptor
 (E) chemoreceptor

 24. Pain stimuli, via Aδ  bers, travel to subdivisions o  gray 
matter within the spinal cord. In an uninjured spinal 
cord, in which lamina o  the dorsal horn do Aδ  bers 
terminate?

 (A) lamina I
 (B) lamina III 
 (C) lamina IV 
 (D) lamina VI 
 (E) lamina VII

DIREC IONS: For each  unctional description (ques-
tions 25–29), select ONE lettered structure that is most 
closely associated with it. Each lettered structure may be 
selected once, more than once, or not at all.

 (A) amygdala
 (B) basal ganglia
 (C) cerebral cortex
 (D) cerebellum
 (E) hippocampus
 (F) hypothalamus
 (G) internal capsule
 (H) medulla
 (I) pons
 (J) reticular activating system
 (K) thalamus
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30  2: Central and Peripheral Nervous System Anatomy and Physiology

 25. T is portion o  the limbic system is located in the 
medial aspect o  the temporal lobe. It is important  or 
converting short-term memory to long-term memory, 
and  or spatial navigation.

 26. T is di use collection o  neurons are responsible  or 
regulating arousal behavior. 

 27. T is is a 2- to 3- mm-thick layer o  gray matter covering 
the gyri and sulci, responsible  or complex  unctions 
such as memory, language, abstraction, and judgment. 

 28. A group o  nuclei situated at the base o  the  orebrain 
that are associated with voluntary motor control. 

 29. A large band o  white matter providing a thorough are 
 or axons leaving and entering the cerebral cortex.

 30. A healthy 30-year-old man is receiving general anesthe-
sia  or a sinus procedure. During the case, he becomes 
light and bucks on the endotracheal tube. His next 
blood pressure reading  rom the cu  is 175/90 mm Hg 
(baseline 120/80 mm Hg). What is the e ect o  this 
increase in systemic blood pressure on his cerebral blood 
 ow (assuming no change in intracranial pressure)? 

 (A) cerebral vasodilation with increased cerebral 
blood  low

 (B) cerebral vasodilation with decreased cerebral 
blood  low

 (C) cerebral vasoconstriction with increased cerebral 
blood  low

 (D) cerebral vasoconstriction with decreased cerebral 
blood  low

 (E) cerebral vasoconstriction with no change in cere-
bral blood  low

 31. Which o  the  ollowing statements about cerebral blood 
 ow (CBF) is  RUE? 

 (A) CBF averages 150 mL/100 g/min o  brain  
tissue.

 (B) White matter has a higher CBF compared to 
gray matter.

 (C) CBF increases logarithmically with increases in 
PaCO2.

 (D) CBF is unresponsive to changes in PaO2 above 
60 mm Hg.

 (E) Volatile anesthetics produce a dose-dependent 
decrease in CBF.

 32. Regarding cerebral blood  ow (CBF), “inverse steal” 
re ers to which o  the  ollowing? 

 (A) decreased relative CBF to pathologic areas  
during hypocapnia

 (B) increased relative CBF to pathologic areas  
during hypercapnia

 (C) increased relative CBF to pathologic areas  
during hypocapnia

 (D) decreased relative CBF to normal areas during 
hypocapnia

 (E) increased relative CBF to normal areas during 
hypercapnia

 33. Which o  the  ollowing statements best re ects the 
relationship between cerebral metabolic rate  or oxygen 
(CMRO2) and cerebral blood  ow (CBF)? 

 (A) CBF remains constant until a threshold  
minimum level o  is CMRO2 is reached.

 (B) CBF increases proportionally as CMRO2 
decreases.

 (C) CBF decreases proportionally as CMRO2 
increases.

 (D) CBF decreases proportionally as CMRO2 
decreases.

 (E) CBF is independent o  CMRO2.

MCGH380-CH02_027-086.indd   30  19/09/16   3:01 PM



Questions: 25–37  31

 34. You are providing anesthesia  or a patient with long-
standing moderate hypertension that is poorly con-
trolled. Which o  the  ollowing ranges o  mean arterial 
pressure BES  represents the limits o  autoregulation 
o  cerebral blood  ow in this patient? 

 (A) 50 mm Hg and 100 mm Hg
 (B) 50 mm Hg and 125 mm Hg
 (C) 50 mm Hg and 150 mm Hg
 (D) 75 mm Hg and 150 mm Hg
 (E) 75 mm Hg and 175 mm Hg

 35. Which o  the  ollowing statements regarding cerebral 
ischemia is  RUE? 

 (A)  he penumbra area o  an ischemic insult is the 
area most a  ected by the lack o  oxygen. 

 (B) Global ischemia is de ined as interruption o  
cerebral blood  low to one entire cerebral  
hemisphere.

 (C) Ischemic depolarization occurs when cerebral 
blood  low is diminished to 30 mL/100 g/min.

 (D) Cell death in ischemia involves activation o  the 
AMPA receptor by glutamate and the in lux o  
calcium into the cell.

 (E) Autoregulation o  cerebral blood  low is main-
tained at the a  ected area during  ocal but not 
global ischemia.

 36. Which o  the  ollowing statements regarding glucose 
and cerebral ischemia are  RUE? 

 (A) Hyperglycemia has been demonstrated to be 
harm ul  or both  ocal and global ischemia.

 (B) Hyperglycemia has been demonstrated to be 
harm ul in  ocal but not global ischemia.

 (C) Hyperglycemia has been demonstrated to be 
harm ul in global but not  ocal ischemia.

 (D) Dextrose-containing solutions are sa e to use in 
brain-injured patients due to the small amount 
o  sugar present.

 (E) Patients with brain injury, stroke, or brain tumor 
should be managed with intensive insulin ther-
apy to ensure tight glycemic control.

 37. Which o  the  ollowing cerebral autoregulation curves 
shown in Figure 2-9 best describes the traumatically 
injured brain? 
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FIG. 2-9. Cerebral autoregulation curves.
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32  2: Central and Peripheral Nervous System Anatomy and Physiology

 38. Where in the central nervous system is cerebrospinal 
 uid (CSF) produced? 

 (A) cerebral aqueduct
 (B) cisterna magna
 (C)  ourth ventricle
 (D) choroid plexus
 (E) interpeduncular cistern

 39. Which o  the  ollowing statements regarding cerebral 
spinal  uid (CSF) is  RUE? 

 (A)  he total volume o  CSF is approximately 250 mL.
 (B) CSF is produced by the arachnoid granulations 

o  the lateral ventricles .
 (C)  he pressure in the CSF with the patient sitting 

is approximately 20 to 30 cm H2O.
 (D) CSF is  ormed at a rate o  approximately 60 mL/hr.
 (E) CSF circulation exhibits nonpulsatile  low.

 40. Which o  the  ollowing regarding the blood-brain  
barrier (BBB) is  RUE? 

 (A)  he BBB regulates the CSF and brain interstitial 
potassium level.

 (B)  he BBB is readily permeable to plasma glutamate.
 (C)  he main barrier structure in the BBB is the 

basement membrane o  the capillaries.
 (D)  he BBB is immature at birth and takes 3 to  

4 months to  ully develop.
 (E)  he only cells capable o  crossing the BBB in 

the healthy brain are neutrophils.

 41. Which one o  the statements regarding transport across 
the BBB is  RUE? 

 (A) CO2 must dissociate into HCO3
-  and H+  

be ore crossing the BBB.
 (B) Hydrogen ions readily di  use across the BBB.
 (C) Glucose is transported by the GLU -5 transporter.
 (D) Lipid soluble drugs with a molecular weight 

< 400 Da can cross the BBB by di  usion.
 (E) Drugs with a high (> 8) number o  hydrogen 

bonds in aqueous solution cross the BBB readily.

 42. In traumatic brain injury, which o  the  ollowing mech-
anisms best describes the mechanism  or breakdown o  
the BBB?

 (A) Astrocytes secrete trans orming growth  actor-β .
 (B) Lipopolysaccharide promotes disruption o  the 

tight junctions via  ree radicals and interleukins.
 (C) Production o  bradykinin releases IL-6  rom 

astrocytes, leading to opening o  the BBB.
 (D) Accumulation o  amyloid-β .
 (E) Reduction in the e  icacy o  P-glycoprotein.

 43. A patient is admitted to the critical care unit with a 
closed head injury. T e admitting resident leaves orders 
to hyperventilate the patient with a goal PaCO2 o  
25 mm Hg. Which o  the  ollowing is the likely conse-
quence to this therapeutic decision? 

 (A) a rise in CSF bicarbonate levels
 (B) a reduction in CSF bicarbonate levels
 (C) an elevation in CSF potassium levels
 (D) a reduction in CSF sodium levels
 (E) a reduction in CSF pH

 44. Blood and CSF are sampled at the same time  rom a 
patient. Which o  the  ollowing solute values would 
you expect to be equal  or both CSF and plasma? 

 (A) PaCO2

 (B) K+

 (C) Ca2+

 (D) Glucose
 (E) Osmolality

 45. Assuming a normothermic brain can tolerate 4 minutes 
o  ischemia, what is the approximate expected duration 
o  ischemia that can be tolerated at 27°C? 

 (A) 5 minutes
 (B) 6 minutes
 (C) 9 minutes
 (D) 12 minutes
 (E) 15 minutes
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 46. Which o  the  ollowing is LEAS  likely to promote 
cerebral protection during anesthesia  or patients with 
ischemic brain injury? 

 (A) propo ol
 (B) etomidate
 (C) dexmedetomidine
 (D) lidocaine
 (E) xenon

 47. You are administering anesthesia  or a patient undergo-
ing coronary artery bypass. Which o  the  ollowing is 
the BES  agent to use to induce preconditioning o  the 
brain against ischemia? 

 (A) propo ol
 (B) thiopental
 (C)  entanyl
 (D) iso lurane
 (E) ketamine

 48. Which o  the  ollowing anatomic segments  orms the 
in erior (distal) end o  the spinal cord? 

 (A) cervical enlargement
 (B) lumbosacral enlargement
 (C) conus medullaris 
 (D) cauda equina
 (E)  ilum terminale

 49. A cross-section o  the spinal cord shows an “H” o  gray 
matter surrounded by white matter. Which portion o  
the spinal cord gives rise to preganglionic  bers o  the 
autonomic nervous system?

 (A) anterior horn
 (B) intermediolateral horn
 (C) posterior horn
 (D) dorsal column
 (E) ventral column

 50. T e gray matter o  the spinal can be divided into a 
number o  di erent layers or laminae (Rexed’s lami-
nae). Which o  the  ollowing laminae gives rise to the 
lower motor neurons that innervate the arms and legs?

 (A) I
 (B) II
 (C) V
 (D) VI
 (E) IX

 51. A deep tendon re ex (an example o  a spinal re ex) 
involves which o  the  ollowing components?

 (A) stretch o  extra usal muscle  ibers in muscle 
spindles

 (B) activation o  a  erent Ia  ibers
 (C) activation o  alpha motor neurons by  

interneurons
 (D) activation o  gamma motor neurons by  

interneurons
 (E) contraction o  intra usal muscle  ibers

 52. T e a erent limb o  the oculocardiac re ex is which o  
the  ollowing nerves?

 (A) III
 (B) V
 (C) X
 (D) VII
 (E) II

 53. Ascending  bers o  the spinothalamic tract travel in 
which o  the  ollowing areas o  the spinal cord?

 (A) central canal
 (B) ventral column
 (C) lateral column
 (D) dorsal column
 (E) dorsal gray column

 54. Descending  bers o  the corticospinal tract travel mainly 
in which o  the  ollowing areas o  the spinal cord? 

 (A) central canal
 (B) ventral column
 (C) lateral column
 (D) dorsal column
 (E) dorsal gray column
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34  2: Central and Peripheral Nervous System Anatomy and Physiology

 55. A patient is undergoing a complex scoliosis repair. 
Which o  the  ollowing monitors may potentially indi-
cate ventral (anterior) spinal cord ischemia?

 (A) SSEP
 (B) MEP
 (C) BAEP
 (D) EEG
 (E) VEP

 56. Which o  the  ollowing correctly identi es the number o  
subunits in a nicotinic acetylcholine-gated ion channel? 

 (A) 2
 (B) 3
 (C) 4
 (D) 5
 (E) 7

 57. T e mature type o  nicotinic receptor is characterized 
by which ONE o  the  ollowing? 

 (A)  hey are densely concentrated in the  olds o  the 
synaptic cle ts.

 (B)  hey are expressed at extrajunctional sites in 
response to burn injury.

 (C)  hey contain a γ  subunit in place o  an ε  subunit.
 (D)  hey have a relatively long open time compared 

with immature nicotinic receptors.
 (E)  hey are upregulated in myasthenia gravis.

 58. Which o  the  ollowing statements regarding the resting 
potential o  neurons is  RUE? 

 (A) A high external concentration o  K+  ions  
maintains a resting potential o  - 90 mV.

 (B) A high internal concentration o  K+  ions  
maintains a resting potential o  - 70 mV.

 (C) A high external concentration o  Ca2
+  ions 

maintains a resting potential o  - 90 mV.
 (D) A high internal concentration o  K+  ions  

maintains a resting potential o  - 55 mV.
 (E) A high internal concentration o  Na+  ions  

maintains a resting potential o  - 90 mV.

 59. Which o  the  ollowing statements regarding the elec-
trochemistry o  action potentials in neurons is  RUE? 

 (A)  he threshold potential is - 90 mV.
 (B) Potassium e  lux is the initiating event in the 

action potential.
 (C) Voltage-gated potassium channels are slower to 

open than sodium channels.
 (D) Hyperpolarization (or “undershoot”) is the result 

o  sodium channels remaining in an open state.
 (E) Hyperkalemia decreases the excitability o  neurons.

 60. Which o  the  ollowing is  RUE regarding the  
re ractory period o  action potentials? 

 (A) During the absolute re ractory period, only  
electrical stimuli can produce another action 
potential.

 (B) It is impossible to produce another action  
potential during the relative re ractory period in 
humans.

 (C)  he relative re ractory period is twice as long as 
the absolute re ractory period.

 (D) Voltage-gated potassium channels are open  
during both re ractory periods.

 (E)  he absolute re ractory period  ollows the  
relative re ractory period.

 61. Which o  the  ollowing BES  describes orthodromic 
conduction?

 (A) conduction in both directions along an axon
 (B) conduction along only myelinated axons
 (C) conduction  rom the cell body o  a nerve to its 

axonal terminals
 (D) conduction along the axon towards the cell body
 (E) conduction o  impulses along only unmyelinated 

axons
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 62. Which o  the  ollowing regarding saltatory conduction 
o  action potentials is  RUE? 

 (A) Saltatory conduction requires more energy than 
continuous conduction.

 (B) Saltatory conduction is twice as  ast as continu-
ous conduction.

 (C)  he distance between Nodes o  Ranvier is up to 
4 mm.

 (D)  he concentration o  voltage-gated sodium 
channels at a Node o  Ranvier exceed that o  
unmyelinated axon by a  actor o  up to  
100 times.

 (E) Saltatory conduction is so-named because o  the 
sodium (e.g., salt ~ saltatory) channels that  acil-
itates its propagation.

 63. Which o  the  ollowing is a neurotransmitter that takes 
part in presynaptic inhibition? 

 (A) gamma-aminobutyric acid (GABA)
 (B) glutamate
 (C) norepinephrine
 (D) glycine
 (E) aspartate

 64. Which o  the  ollowing neurotransmitters binds to 
N-methyl-D-aspartate (NMDA) receptors in the cen-
tral nervous system? 

 (A) acetylcholine
 (B) norepinephrine
 (C) GABA
 (D) glutamate
 (E) substance P

 65. Which o  the  ollowing is a biochemical precursor to 
epinephrine? 

 (A) isoproterenol
 (B) dihydroxy-phenylalanine
 (C) glutamine
 (D) tryptophan
 (E) acetyl-CoA

 66. Which o  the  ollowing sequences correctly identi es the 
steps in muscle  ber excitation-contraction coupling?

 (A) motor neuron discharge � binding o  acetylcho-
line to nicotinic receptors � increased Na+  and 
K+  conductance in motor end-plate membrane 
� generation o  action potential in muscle  ibers 
� binding o  calcium to troponin C �  orma-
tion o  cross-linkages between actin and myosin.

 (B) inward spread o  depolarization along   tubules 
� binding o  acetylcholine to nicotinic receptors 
� release o  Ca2+   rom sarcoplasmic reticulum � 
generation o  action potential in muscle  ibers � 
binding o  calcium to troponin C �  ormation 
o  cross-linkages between actin and myosin. 

 (C) motor neuron discharge � inward spread o  
depolarization along   tubules � increased Na+  

and K+  conductance in end-plate membrane � 
generation o  action potential in muscle  ibers � 
binding o  calcium to troponin C �  ormation 
o  cross-linkages between actin and myosin.

 (D) motor neuron discharge � binding o  acetylcho-
line to nicotinic receptors � increased Na+  and 
K+  conductance in end-plate membrane � gen-
eration o  action potential in muscle  ibers � 
release o  Ca2+   rom troponin �  ormation o  
cross-linkages between actin and myosin. 

 (E) generation o  action potential in muscle  ibers � 
generation o  end-plate potential � increased Na+  

and K+  conductance in end-plate membrane � 
generation o  action potential in muscle  ibers � 
binding o  calcium to troponin C �  ormation o  
cross-linkages between actin and myosin.

 67. T e molecular mechanism o  muscle contraction involves 
“thin  laments” sliding over “thick  laments.” Known as 
the sliding  lament theory, the “thin  lament” re ers to:

 (A) actin
 (B) myosin
 (C) tropomyosin
 (D) troponin C
 (E) sarcoplasmic reticulum
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 68. Which o  the  ollowing statements regarding nocicep-
tion is  RUE? 

 (A) Most nociceptors are either Meissner corpuscles 
or Pacinian corpuscles.

 (B) Nociceptive a  erent  ibers are comprised pri-
marily o  Aβ  and C- ibers.

 (C) Polymodal nociceptors can respond to both 
pressure and extremes o  temperature.

 (D) C  ibers conduct at a rate o  12 to 35 m/s.
 (E) Eating a Carolina Reaper pepper will activate 

 RPM8 receptors.

 69. Substance P acts on which receptor type?

 (A) NMDA
 (B) AMPA
 (C) cholinergic
 (D) serotnergic 
 (E) neurokinin-1

 70. Which o  the  ollowing statements regarding wide 
dynamic range neurons is  RUE? 

 (A)  hey serve only noxious stimuli.
 (B)  hey are primarily responsible  or the windup 

phenomenon.
 (C)  hey are a third-order neuron.
 (D)  hey are most abundant in lamina II.
 (E)  hey are e  erent neurons.

 71. Which o  the  ollowing regarding the substantia gelati-
nosa is  RUE?

 (A) It is the most ventral o  all the Rexed laminae.
 (B) It is also known as lamina V.
 (C) It receives primarily Aδ a  erents  rom the 

periphery.
 (D) It is the site o  opioid induced modulation o  

pain transmission.
 (E) It contains cell bodies o  the preganglionic  

sympathetic neurons.

 72. Which o  the  ollowing neural structures is involved in 
the transmission o  pain impulses to higher levels o  the 
central nervous system?

 (A)  asciculus gracilis
 (B) ventral posterior lateral nucleus
 (C)  asciculus cuneatus
 (D) medial lemniscal tract
 (E) lateral corticospinal tract

 73. Which one o  the  ollowing pain treatment modalities 
is best explained by Melzack and Wall’s gate control 
theory o  pain modulation?

 (A) dorsal column stimulation
 (B) amitriptyline
 (C) carbamazepine
 (D) transcutaneous lidocaine patches
 (E) pregabalin

 74. Supraspinal descending inhibitory pathways that mod-
ulate pain transmission are mediated primarily through:

 (A) substance P
 (B) calcitonin gene-related peptide (CGRP)
 (C) glycine
 (D) glutamate
 (E) norepinephrine

 75. Which o  the  ollowing regarding visceral pain is  RUE?

 (A) Visceral nociceptive a  erents are primarily  
B  ibers.

 (B) Viscera contain “silent” nociceptors that are 
minimally responsive at baseline.

 (C) Visceral a  erent input makes up >40% o  total 
spinal cord a  erent input.

 (D) Vagal a  erents project to the cuneate nucleus.
 (E) A  erent  irst-order neurons enter the spinal cord 

at a speci ic level and synapse immediately with 
a single second order neuron at that same level.
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 76. Which o  the  ollowing statements regarding pain and 
a ective disorders is  RUE? 

 (A) Pain severity is more predictive o   unctional 
limitation than  ear o  movement or re-injury.

 (B) Approximately 10% o  chronic pain patients 
su  er  rom depression.

 (C) Chronic pain patients are more likely to express 
anger than nonchronic pain patients. 

 (D) Internalization o  anger is associated with pain 
intensity.

 (E) Anxiety is not prevalent in patients with  
 ibromyalgia. 

 77. Which o  the  ollowing statements regarding the in u-
ence o  gender on pain perception is  RUE?

 (A) Men are more likely to be diagnosed with tem-
poromandibular disorders and migraine headaches.

 (B) Women report overall increased pain severity 
than men.

 (C) Estrogen  unctions to decrease analgesic  
requirements.

 (D) Red hair and  air skin in women are a marker  or 
increased sensitivity to pain.

 (E) Sociocultural elements likely play a role in any 
perceived di  erences.

 78. In the autonomic nervous system (ANS), all pregangli-
onic neurons release which o  the  ollowing neurotrans-
mitters?

 (A) acetylcholine
 (B) norepinephrine 
 (C) adenosine triphosphate (A P)
 (D) substance P
 (E) neuropeptide Y (NPY) 

 79. Classically, which o  the  ollowing adrenergic receptors 
is considered an “autoreceptor,” thereby playing a role 
in ANS negative  eedback?

 (A) α 1

 (B) α 2

 (C) β 1

 (D) β 2

 (E) β 3

 80. At postganglionic sympathetic nerve endings, the ter-
mination o  action o  norepinephrine is due mainly to:

 (A) metabolism by monoamine oxidase (MOA).
 (B) metabolism by catechol-O-methyltrans erase 

(COM ). 
 (C) metabolism  by DOPA decarboxylase.
 (D) reuptake by uptake-1 mechanism.
 (E) reuptake by uptake-2 mechanism.

 81. At a noradrenergic synapse, which o  the  ollowing 
enzymes is the rate-limiting step in the production o  
norepinephrine?

 (A) phenylalanine hydroxylase
 (B) tyrosine hydroxylase
 (C) L-DOPA decarboxylase
 (D) dopamine-β -hydroxylase
 (E) phenylethanolamine-N-methyltrans erase

 82. Botulinum toxin (“Botox”) has a number o  medical indi-
cations and side e ects related to muscle weakness. How 
does botulinum toxin a ect cholinergic transmission?

 (A) blocks the transport o  choline  rom the extra-
cellular space into the nerve terminal

 (B) blocks the synthesis o  acetylcholine in the nerve 
terminal

 (C) blocks transport o  acetylcholine into vesicles at 
the nerve terminal

 (D) blocks the in lux o  Ca2+  into the nerve terminal
 (E) blocks exocytosis o  acetylcholine into the  

synaptic cle t

 83. Which o  the  ollowing autonomic nervous system neu-
rons principally release norepinephrine?

 (A) preganglionic neurons
 (B) parasympathetic postganglionic neurons
 (C) sympathetic postganglionic neurons innervating 

sweat glands
 (D) sympathetic postganglionic neurons innervating 

skeletal muscle blood vessels
 (E) sympathetic postganglionic neurons innervating 

systemic veins
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 84. Acetylcholine’s actions on parasympathetic postsynap-
tic receptors are terminated mainly by:

 (A) pseudocholinesterase
 (B) butyrylcholinesterase
 (C) acetylcholinesterase
 (D) reuptake o  acetylcholine by autoreceptors on 

the presynaptic membrane
 (E) downregulation o  muscarinic receptors on the 

postsynaptic membrane

 85. At parasympathetic ganglia, acetylcholine acting on 
nicotinic receptors will lead to the activation or in ux 
o  which o  the  ollowing second messengers or ions?

 (A) Na+

 (B) Cl-

 (C) cAMP
 (D) IP3

 (E) DAG

 86. Which o  the  ollowing provides sympathetic nervous 
system innervation to the head and neck?

 (A) cranial nerve III
 (B) cranial nerve X 
 (C) splanchnic nerve
 (D) in erior cervical ganglion
 (E) celiac ganglion

 87. T e autonomic nervous system is in uenced by many 
higher CNS centers. T e rostral ventrolateral medulla 
(RVLM) plays a role in regulation o  peripheral vascu-
lar tone. Descending neurons  rom the RVLM modu-
late preganglionic sympathetic neurons by releasing 
which one o  the  ollowing neurotransmitters?

 (A) glutamate
 (B) GABA
 (C) acetylcholine
 (D) norepinephrine
 (E) dopamine

 88. A patient with a spinal cord injury (SCI) su ers  rom 
autonomic dysre exia. Which o   ollowing statements 
best explains why the patient is potentially at risk o  
hypertensive crises?

 (A) SCI interrupts peripheral baroreceptor activation.
 (B) SCI interrupts ascending sensory input to  

sympathetic nerves.
 (C) SCI interrupts descending inhibitory input to 

sympathetic nerves. 
 (D) SCI interrupts descending activation o   

parasympathetic nerves. 
 (E) SCI interrupts ascending sensory input to  

parasympathetic nerves.

 89. Which type o  nerve  bers are responsible  or the trans-
mission o  a erent input regarding cold tissue tem-
perature throughout the body? 

 (A) A�  ibers
 (B) Aβ   ibers
 (C) Aδ  ibers
 (D) B  ibers
 (E) C  ibers

 90. T e primary thermoregulatory control center is located 
in the: 

 (A) spinothalamic tract.
 (B) pons.
 (C) reticular activating system.
 (D) hypothalamus.
 (E) anterior pituitary gland.

 91. T e “set point” is best described by which o  the  ollow-
ing concepts?

 (A) the temperature o  the input to the hypothala-
mus where the output is zero

 (B) the point at which sweating begins during  
heating

 (C) the point at which  urther vasodilation cannot 
occur

 (D) the point below which shivering begins
 (E) an exciting moment in a tennis match
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 92. Which o  the  ollowing mechanisms o  heat production 
most accurately describes the EARLIES  thermoregu-
latory response to cold? 

 (A) neuroendocrine release o  dopamine
 (B) shunting o  blood away  rom visceral organs
 (C) vasoconstriction
 (D) shivering
 (E) neuroendocrine release o  thyroxine

 93. Which o  the  ollowing is NO  a  actor in the increased 
risk  or hypothermia in neonates?

 (A) a large skin-to-sur ace-area ratio
 (B) increased thermal conductance o  the skin
 (C) higher evaporative losses
 (D) immature thermoregulatory responses
 (E) non unctional shunts in the  ingers and toes

 94. T e synthesis o  acetylcholine is catalyzed in the terminal 
o  cholinergic nerves by which o  the  ollowing enzymes? 

 (A) choline acetyltrans erase
 (B) choline methyltrans erase 
 (C) acetylcholinesterase 
 (D) pseudocholinesterase
 (E) speci ic cholinesterase

 95. Release o  acetylcholine  rom synaptic vesicles into the 
synaptic cle t is dependent on the in ux o  which ion? 

 (A) sodium
 (B) potassium
 (C) calcium
 (D) magnesium
 (E) hydrogen

 96. Spontaneous, small-amplitude depolarizing potentials 
at the neuromuscular junction are typically seen: 

 (A) with an upper motor neuron lesion.
 (B) with normal quantal release o  acetylcholine.
 (C) a ter  asciculations when using succinylcholine.
 (D) in Lambert-Eaton syndrome.
 (E) in hypercalcemia.

 97. Which o  the  ollowing statements regarding the neu-
romuscular junction is  RUE? 

 (A) Acetylcholine binds to one speci ic subtype o  
muscarinic cholinergic receptor.

 (B) Cholinergic receptor activation results in the 
in lux o  potassium ions in the muscle cell.

 (C) Calcium e  lux through the acetylcholine recep-
tor channel is necessary  or the generation o  
end-plate potentials.

 (D) Cholinergic receptors in the neuromuscular 
junction have two acetylcholine binding sites.

 (E) Junctional  olds in the motor end plate serve to 
reduce the exposure o  cholinergic receptors to 
acetylcholine.

 98. Prejunctional nicotinic receptors located on motor 
nerve endings are responsible  or: 

 (A) decreasing the uptake o  choline into the cell.
 (B) increasing the release o  acetylcholine via posi-

tive  eedback mechanism.
 (C) modulating the calcium in lux  ollowing  

depolarization.
 (D) decreasing the rate o   usion o  vesicles with the 

plasma membrane. 
 (E) hyperpolarizing the membrane to prevent  urther 

release o  acetylcholine.

 99. Which o  the  ollowing statements regarding neuro-
muscular anatomy and  unction is  RUE? 

 (A) Each muscle  iber is typically innervated by 5 to 
10 individual axons.

 (B) Nerve endings on slow-twitch muscles are larger 
and more complicated than those on  ast-twitch 
muscles.

 (C)  he motor unit  or the extraocular muscles con-
tains more muscle  ibers than the motor unit  or 
the quadriceps muscles.

 (D)  he synaptic cle t is approximately 20 to 50 nm 
wide.

 (E) Acetylcholinesterase is synthesized in the liver 
and transported to the synaptic cle t.
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40

Answers and Explanations: 
Central and Peripheral Nervous System  

Anatomy and Physiology

 1. Which o  the  ollowing pathways is involved in the 
transmission o  pain?

 (A) corticobulbar tract
 (B) corticospinal tract
 (C) lateral spinothalamic tract
 (D) dorsal columns
 (E) medial lemniscus

T e lateral spinothalamic tracts are involved in the 
transmission o  pain, temperature, and touch. As pain 
 bers enter the spinal cord, they typically cross over to 
 orm the lateral spinothalamic tract, meaning that 
ascending pain transmission carries sensation  rom the 
contralateral side.
 Descending pathways involved in control o  the 
motor system include the corticospinal, corticobulbar, 
corticopontine, rubrospinal, reticulospinal, vestibulo-
spinal, and tectospinal tracts. T e dorsal column sys-
tem is involved in ascending transmission o   ne 
touch, proprioception, and two-point discrimination. 
T e  bers originate in the skin, joints, and tendons 
and end in the dorsal column nuclei (nucleus gracilis 
and nucleus cuneatus). A crossed  ber bundle, the 
medial lemniscus, then projects  rom these nuclei to 
the contralateral thalamus. T e ventral posterolateral 
(VPL) thalamic nuclei then send sensory in ormation 
to the somatosensory cortex.

Re s: Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

Hammer GD, McPhee SJ. Pathophysiology of Disease: An 
Introduction to Clinical Medicine. 7th ed. New York, NY: 
McGraw Hill; 2014. 

 2. A patient has a lesion involving one hal  o  the spinal 
cord (Brown-Sequard syndrome). Which o  the  ollow-
ing best describes the expected de cit?

 (A) contralateral weakness
 (B) ipsilateral impaired vibratory sensation
 (C) contralateral impaired sense o  joint position
 (D) ipsilateral impaired pain sensation
 (E) contralateral loss o  all sensation

Brown-Sequard syndrome involves:
• Ipsilateral weakness (due to transection of the corti-

cospinal tract).
• Ipsilateral loss of joint position and vibratory sense 

(due to transection o  the posterior column).
• Contralateral loss of pain and temperature sense 

approximately 1 or 2 levels below the lesion (due to 
transection o  the spinothalamic tract. 

• Other signs include unilateral and segmental radicu-
lar pain and muscle atrophy.

Re : Hammer GD, McPhee SJ. Pathophysiology of Disease: An 
Introduction to Clinical Medicine. 7th ed. New York, NY: 
McGraw Hill; 2014.

 3. T e cerebral cortex is made up o  6 lobes. Which o  the 
 ollowing lobes is involved in “ ght-or- ight” responses?

 (A)  rontal
 (B) parietal
 (C) corpus callosum 
 (D) insula
 (E) limbic

T e cerebral cortex is made up o  the  rontal, parietal, 
temporal, occipital, insular, and limbic lobes:

 1.  Frontal lobe: motor cortex and areas  or abstract rea-
soning, judgment, creativity, and social behavior.
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 2. Parietal lobe: somatosensory cortex
 3. Occipital lobe: primary visual cortex
 4.  emporal lobe: primary auditory cortex
 5.  Insula: is thought to contribute to interoceptive 

awareness (e.g., awareness o  body states such as 
your own heartbeat), motor activities such as swal-
lowing, and emotions.

 6. Limbic lobe: part o  the limbic system. 
T e limbic lobe is made up o  the parahippocampal 
gyrus, cingulate gyrus, and subcallosal gyrus. T e 
limbic system contains the limbic lobe and the hippo-
campus, dentate gyrus and amygdala. It is involved in 
the  ollowing behaviors:  eeding, “ ght or  ight” 
responses, aggression, and emotion. T e corpus callo-
sum contains myelinated and unmyelinated  bers and 
connects the two cerebral hemisphere.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 4. Which o  the  ollowing parts o  the cerebellum is 
involved in propulsive movements such as walking?

 (A) the vermis
 (B) paleocerebellum
 (C) neocerebellum
 (D) archicerebellum
 (E)  locculonodular system

Anatomically, the cerebellum is divided into two hemi-
spheres connected by the vermis. Each hemisphere is 
 urther divided into:
• Archicerebellum, which is formed by the flocculus, 

nodulus, and connections ( locculonodular system). 
 his part o  the cerebellum is involved with main-
taining equilibrium and has connections with the 
vestibular system.

• Paleocerebellum, which is involved with propulsive 
movements such as walking or swimming.

• Neocerebellum, which is involved with the  
co-ordinating  ine movement.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 5. Which o  the  ollowing structures acts as a major out-
 ow o  the basal ganglia? 

 (A) caudate
 (B) putamen
 (C) globus pallidus

 (D) subthalamic nucleus
 (E) red nucleus

T e extrapyramidal system is important  or control o  
movement and posture. T e extrapyramidal system 
includes the basal ganglia, substantia nigra, subtha-
lamic nucleus, red nucleus, and brain stem reticular 
 ormation. T e basal ganglia are made up o  the cau-
date nucleus, putamen, and globus pallidus. T e major 
site o  input to the basal ganglia is via the striatum 
(caudate and putamen). Excitatory corticostriate 
inputs come  rom various parts o  the cerebral cortex. 
In turn, the caudate and putamen project inhibitory 
inputs to the internal part o  the globus pallidus (GPi). 
T e GPi sends inhibitory outputs to the thalamus. T e 
thalamus completes the  eedback loop with projec-
tions back to the cerebral cortex. Another  eedback 
loop involves the substantia nigra. Inputs travel  rom 
cerebral cortex, to striatum (caudate and putamen), to 
substantia nigra, and back to striatum. T e pars com-
pacta area o  the substantia nigra projects dopaminer-
gic neurons to the striatum. T is is known as the 
nigrostriatal projection. Degeneration o  the pars com-
pacta substantia nigra alters activity o  the basal gan-
glia and causes Parkinson’s disease. Overall, both the 
globus pallidus and substantia nigra act as the major 
out ows o  the basal ganglia.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 6. Control over the transition  rom inspiration to expira-
tion is located in which o  the  ollowing areas?

 (A) nucleus o  the tractus solitarius
 (B) ventral respiratory group
 (C) dorsal respiratory group
 (D) medullary respiratory center
 (E) apneustic center

Spontaneous respiratory activity is maintained in areas 
o  the medulla and the pons. T e medullary respiratory 
center is composed o  the dorsal respiratory groups 
(DRG) and the ventral respiratory groups (VRG). T e 
DRG is located in the nucleus o  the tractus solitarius 
(N S) and consists generally o  inspiratory neurons. 
T e VRG contains both inspiratory and expiratory 
neurons. T e pons contains the apneustic center, which 
can be considered the area o  control over the transition 
 rom inspiration to expiration. (A lesion at this level o  
the pons can cause apneustic breathing, which is likely 
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due to sustained activity o  the medullary neurons with 
prolonged inspiration and occasional expiration.)

Re : Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 7. T e respiratory pattern o  inspiration and expiration 
can be in uenced by the carotid and aortic arterial che-
moreceptors. A erent  bers o  the glossopharyngeal 
and vagus nerves project this in ormation primarily to 
which o  the  ollowing areas?

 (A) nucleus tractus solitarius
 (B) ventral respiratory group
 (C) botzinger complex
 (D) apneustic center
 (E) pontine respiratory group

A erent  bers o  the glossopharyngeal and vagus nerves 
project primarily to the nucleus o  the tractus solitarius 
(N S). Spontaneous respiratory activity is maintained 
in areas o  the medulla and the pons. T e medullary 
respiratory center is composed o  the dorsal respiratory 
groups (DRG) and the ventral respiratory groups 
(VRG). T e DRG is located in the nucleus o  the trac-
tus solitarius (N S) and consists generally o  inspira-
tory neurons that project to contralateral spinal cord 
and maintain diaphragm activity via the phrenic nerve. 
T e VRG contains both inspiratory and expiratory 
neurons. Within the VRG is a group o  neurons called 
the Botzinger complex which may act as a “pacemaker” 
area  or respiratory rhythm. T e pontine respiratory 
group (PRG), or pneumotaxic center, is located in the 
upper pons. It serves to  ne tune respiration and in u-
ences the apneustic center (also located in the pons). 
T e apneustic center can be considered the area o  con-
trol over the transition  rom inspiration to expiration.

Re s: Ropper AH, Samuels MA, Klein JP. Adams and Victor’s 
Principles of Neurology. 10th ed. New York, NY: McGraw 
Hill; 2014.

Levitzky MG. Pulmonary Physiology. 8th ed. New York, NY: 
McGraw Hill; 2013.

 8. T e anatomic location o  the reticular  ormation 
includes all o  the  ollowing areas EXCEP :

 (A) thalamus 
 (B) midbrain
 (C) pons
 (D) medulla oblongata 
 (E) locus ceruleus

T e reticular  ormation is a complex group o  neurons 
in the tegmentum o  the medulla oblongata, pons, and 
midbrain. T e reticular  ormation also includes nuclei 
such as the locus ceruleus, raphe complex, and para-
brachial nucleus. Ascending projections  rom the retic-
ular  ormation involve the lateral hypothalamic area 
and nonspeci c thalamic nuclei. T e thalamic nuclei 
then project throughout the cerebral cortex.
 T e locus ceruleus is within the reticular  ormation at 
the level o  the pons. It is involved in the sleep/wake 
cycle. Medications such as dexmedetomidine act as nor-
adrenergic neurons in the locus ceruleus. T e reticular 
 ormation plays a role in maintaining generalized arousal, 
and regulation o  respiration, blood pressure, and heart 
rate. T e descending reticulospinal pathway is also 
involved in modulation o  spinal re exes. T e term retic-
ular activating system is sometimes used, re ecting the 
important role the reticular  ormation plays in arousal. 

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 9. T e vertebral arteries pass through the  oramen mag-
num o  the skull and  orm which o  the  ollowing 
blood vessels?

 (A) anterior cerebral artery
 (B) anterior communicating artery
 (C) posterior cerebral artery
 (D) posterior communicating artery 
 (E) basilar artery

T e basilar artery is  ormed by the  usion o  the two 
vertebral arteries a ter they pass through the  oramen 
magnum o  the skull (Figure 2-1). T e major cerebral 
arteries all originate  rom the circle o  Willis. T e circle 
o  Willis is supplied by the le t and right internal 
carotid arteries and the basilar artery. T e anterior 
cerebral artery originates  rom the internal carotid 
artery. T e anterior communicating artery connects 
the two anterior cerebral arteries. T e posterior cere-
bral artery originates  rom the basilar artery and is also 
supplied via the posterior communicating artery, 
which connects the internal carotid artery to the poste-
rior cerebral artery.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.
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 10. Which o  the  ollowing veins or venous sinuses o  the 
head typically drains into the external jugular vein?

 (A) occipital vein
 (B) superior sagittal sinus
 (C) pterygoid plexus 
 (D) cavernous sinus
 (E) great cerebral vein (o  Galen)

T e pterygoid plexus receives venous drainage  rom the 
super cial  ace. It contributes to the retromandibular 
vein that descends and divides into a posterior branch 
and then joins the external jugular vein (it also has an 
anterior branch that drains into the internal jugular 
vein). T e venous sinuses are  ound between the inner 
and outer layers o  dura. T e in erior sagittal sinus and 
great cerebral vein (o  Galen)  orm the straight sinus. 
T e straight sinus, superior sagittal sinus, and occipital 
vein  orm the con uence o  the sinuses, which in turn 
drains into the transverse sinus, the sigmoid sinus, and 
then the internal jugular vein (Figure 2-2). 

Left vertebra l a rte ry
Ante rior spina l a rte ry

Pos te rior inferior
cerebella r a rte ry

Anterior infe rior
cerebella r a rte ry

Superior
cerebe lla r a rte ry

Bas ila r a rte ry
with pontine
branches

Pos terior
communica ting 
arte ry

Middle  ce rebra l 
a rte ry

Interna l carotid a rte ry

Ante rior cerebra l 
a rte ry

Ante rior communica ting arte ry

Pos terior
ce rebra l a rte ry

FIG. 2-1. Circle of Willis and principal arteries of the brain stem. 
(Reproduced with permission from Waxman SG. Clinical 
Neuroanatomy. 27th ed. New York, NY: McGraw Hill; 2013.)

Superior sagitta l s inus
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Occipita l ve in

Deep ce rvica l ve inAnterior
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Pterygoid
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FIG. 2-2. Organization of the veins and sinuses of the brain. (A) sagittal section. (Reproduced with permission from 
Waxman SG. Clinical Neuroanatomy. 27th ed. New York, NY: McGraw Hill; 2013.) (B) coronal section cut along the plane 
shown by the line in (A). (Modified and reproduced with permission from Poirer J, Gray F, Escourolle R. Manual of Basic 
Neuropathology. 3rd ed. WB Saunders, 1990.) (C) Expanded view of the cavernous sinus and surrounding structures. 
(Reproduced with permission from  Waxman SG. Clinical Neuroanatomy. 27th ed. New York, NY: McGraw Hill; 2013.)
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 T e cavernous sinuses surround the sella turcica at 
the base o  the brain. Many important structures tra-
verse the cavernous sinus including the internal carotid 
artery, oculomotor nerve, trochlear nerve, abducens 
nerve, ophthalmic branch o  trigeminal nerve, and tri-
geminal ganglion. T e superior and in erior petrosal 
sinuses drain the cavernous sinus, eventually leading to 
the internal jugular vein. It is important to note that 
emissary veins also connect the intracranial cavernous 
sinus with the extracranial pterygoid plexus. Since 
cerebral veins and sinuses are valveless, this means 
blood may potentially move in either direction—both 
intracranially or extracranially. Due to this anatomy, 
extracranial in ections may move intracranially via this 
venous system.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 11. In the adult, the in erior end o  the spinal cord, or 
conus medullaris, is typically at what level o  the verte-
bral column?

 (A) L2
 (B) L3 
 (C) L4 
 (D) L5 
 (E) S1

In the adult, the conus medullaris ends at the L1 or L2 
level o  the vertebral column. T e spinal cord extends 
 rom the medulla to the conus medullaris. T ere is a 
cervical enlargement, which is the origin o  the nerves 
o  the upper extremity, and a lumbosacral enlargement, 
which is the origin o  the nerves o  the lower extremity. 
T e dura mater o  the spinal cord extends  rom the 
 oramen magnum (where it is contiguous with the cra-
nial dura mater) to approximately the second sacral 
vertebra. T e cauda equina is made up o  the spinal 
roots  rom the lumbar and sacral spinal cord. T ese 
roots descend below the conus medullaris within the 
dural sac. T eir appearance is like a horse’s tail, hence 
the name cauda equina.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 12. A medial branch block is o ten per ormed in the diag-
nosis o   acet joint pain in the spine. T e “medial 
branch” is the mainly sensory component o  which 
branch o  a spinal nerve?

 (A) dorsal ramus
 (B) ventral ramus
 (C) rami communicantes
 (D) dorsal root ganglion
 (E) ventral root

T ere are 31 paired spinal nerves: 8 cervical, 12 thoracic, 
5 lumbar, 5 sacral, and 1 coccygeal. Each spinal nerve is 
composed o  a dorsal root and a ventral root. Each dor-
sal and ventral root is  ormed  rom rootlets that connect 
with the spinal cord. T e dorsal (posterior) root con-
tains the dorsal root ganglion, which is the cell body o  
the sensory axons. T e ventral (anterior) root contains 
the descending motor tracts  rom the spinal cord. At the 
thoracic and lumbosacral levels, the ventral root also 
contains preganglionic autonomic  bers. Outside the 
intervertebral  oramen, the spinal nerve divides into the:
• primary dorsal (posterior) ramus,
• primary ventral (anterior) ramus, and
• rami communicantes (white and gray): join spinal 

nerves and the sympathetic trunk. 
T e primary dorsal ramus has a mostly sensory 
medial branch and a mostly motor lateral branch. A 
medial branch block is o ten per ormed in the diagno-
sis o   acet joint pain in the spine. T e primary ventral 
ramus, which is larger than the dorsal ramus,  orms 
intercostal nerves at the thoracic level, and plexuses at 
the cervical, brachial, and lumbosacral levels.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 13. T e  4 dermatome level typically corresponds to which 
o  the  ollowing?

 (A) nipple
 (B) umbilicus
 (C) anterior aspect o  neck
 (D) posterior aspect o  thumb
 (E) anterior aspect o  thigh
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A dermatome is the sensory component o  a corre-
sponding spinal nerve. Clinically, it is important to 
note there is o ten overlap  rom one dermatome to 
another. Notable dermatomal landmarks include:
• Arm: C5, C6, C7, C8, and T1
• Hand: C6, C7, C8
• Nipple: T4
• Umbilicus: T10
• Groin: L1
C3 and C4 cover the anterior sur ace o  the neck; C6 cov-
ers the anterior and posterior sur ace o  the thumb; and 
L2, L3, and L4 cover the anterior sur ace o  the thigh. 

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 14. A patient undergoes an open abdominal aortic aneu-
rysm repair with supra-renal aortic cross-clamping. 
Postoperatively, the patient is noted to have paraplegia 
with preserved proprioceptive sensory  unction. I  the 
spinal cord injury was due to placement o  the aortic 
cross-clamp, which o  the  ollowing spinal arteries was 
likely interrupted?

 (A) anterior sulcal artery
 (B) posterolateral spinal artery
 (C) anterior spinal artery
 (D) anterior medial spinal artery
 (E) great radicular artery

T e great radicular artery (o  Adamkiewicz) usually 
originates between  5 to  12, although it can origi-
nate  rom the lumbar aorta. Although there can be 
anatomic variation, the great radicular artery (o  
Adamkiewicz) is considered the primary supply o  the 
anterior spinal artery in the lower thoracic and lumbar 
spinal cord. Anterior cord syndrome (ACS) can result 
 rom many etiologies including inadequate per usion 
o  the anterior spinal artery. ACS presents with loss o  
motor  unction and loss o  pain and temperature sen-
sation below the level o  the lesion. Proprioception, 
vibration, and pressure sensation are preserved. In this 
situation, inadvertent occlusion o  the great radicular 
artery (o  Adamkiewicz) is the cause o  ACS. Branches 
o  the vertebral arteries  orm the anterior spinal artery, 
which descends along the ventral sur ace o  the spinal 

cord. Below  4, this artery may be re erred to as the 
anterior medial spinal artery. T e anterior sulcal artery 
is a branch o  the anterior spinal artery. T e posterolat-
eral arteries also originate  rom the vertebral arteries.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 15. During the second stage o  labor, a patient notes sig-
ni cant perineal pain. Sensory innervation o  the 
perineum originates  rom which o  the  ollowing nerves?

 (A) lumbosacral trunk
 (B) superior hypogastric plexus
 (C) hypogastric nerve
 (D) pelvic splanchnic nerves
 (E) pudendal nerve

T e pudendal nerve (S2, S3, S4) supplies sensory 
innervation to the perineum. T e pelvis receives inner-
vation  rom the lumbosacral trunk, sacral plexus, coc-
cygeal plexus, the pelvic sympathetic trunk, and para-
sympathetic nerves. T e sacral plexus is derived  rom 
the ventral rami o  L4, L5, S1, S2, S3, and part o  S4. 
(T e contribution  rom L4, L5 is termed the lumbosa-
cral trunk.) T ere are numerous branches  rom the 
sacral plexus, including:
• Superior gluteal nerve—L4-S1
• Inferior gluteal nerve—L5-S2
• Pudendal nerve—S2, S3, S4
• Sciatic nerve—L4, L5, S1, S2, S3
Sympathetic  bers  or the pelvis originate  rom  10 to 
L2  orm the superior hypogastric plexus. T is plexus 
then divides into le t and right hypogastric nerves at 
the level o  the sacral promontory. Parasympathetic and 
a erent innervation o  pelvic viscera is via pelvic 
splanchnic nerves (nervi erigentes) originating  rom 
S2-S4. T e hypogastric nerves and the pelvic splanch-
nic nerves together  orm the in erior hypogastric plexus 
(which contains both sympathetic and parasympathetic 
 bers). T e in erior hypogastric plexus  urther divides 
into other plexuses, which provide innervation  or de -
ecation, urination, ejaculation, and orgasm.

Re : Morton DA, Albertine K, Foreman KB. Gross Anatomy: 
T e Big Picture. 1st ed. New York, NY: McGraw Hill; 
2011.
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 16. At approximately the L3/4 level, an epidural catheter is 
placed  or management o  labor pain. T e epidural 
catheter does not  unction as expected: onset o  analge-
sia is delayed and the analgesia is patchy in distribution. 
Where is the likely location o  the catheter?

 (A) intervertebral  oramina
 (B) subarachnoid space
 (C) subdural space
 (D) epidural space
 (E) epidural vein

Placement o  a catheter in the subdural space is sug-
gested by delayed onset o  analgesia, a patchy or di -
 use block, or a high or total spinal. Relevant anat-
omy  or epidural catheter placement includes 
knowledge o  the various membranes and spaces sur-
rounding the spinal cord. T e intrathecal, or sub-
arachnoid space, is  lled with cerebrospinal  uid. It is 
bounded by the pia mater, which is attached to the 
sur ace o  the spinal cord, and the arachnoid mater. 
T e arachnoid mater and the dura mater are close 
together, with the subdural space (a potential space) 
in between. T e epidural space, super cial to the 
dura mater, has no  ree  uid and is  lled with blood 
vessels,  at, and nerve roots. 

Re : Hadzic A. NYSORA  extbook of Regional Anesthesia and 
Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

 17. Which o  the  ollowing proposed anatomic boundaries 
o  the posterior epidural space is correct?

 (A) rostral boundary =  sacral hiatus
 (B) caudal boundary =  base o  the skull
 (C) posterior boundary =  interspinous ligament
 (D) lateral boundary =  pedicle
 (E) anterior boundary =  spinal cord

In the spinal column, an anterior and posterior epi-
dural space surround the dura mater. T e boundaries 
 or the posterior epidural space include (Figure 2-3):
• Rostral—the base of the skull
• Caudal—the sacral hiatus
• Posterior—the ligamentum flavum
• Lateral—the pedicles and intervertebral foramina
• Anterior—dura mater

Re : Hadzic A. NYSORA  extbook of Regional Anesthesia and 
Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

FIG. 2-3. Epidural space: 1. Anterior epidural space, 2. Posterior epidural space, 3. Ligamentum flavum, 4. Blood 
vessels in the epidural space, 5. Pedicles, 6. Nerve roots, 7. Spinous process, 8. Vertebral body, 9. Spinal cord. 
(Reproduced with permission from Hadzic A. NYSORA Textbook of Regional Anesthesia and Acute Pain Medicine. 1st ed. 
New York, NY: McGraw Hill; 2007.)
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 18. T e oculomotor nerve (cranial nerve III) provides para-
sympathetic innervation o  the eye via which o  the 
 ollowing ganglia?

 (A) geniculate ganglion
 (B) sphenopalatine ganglion
 (C) otic ganglion
 (D) ciliary ganglion
 (E) Submaxillary ganglion

Cranial nerves III, VII, IX, and X (oculomotor,  acial, 
glossopharyngeal, and vagus nerves) have pregangli-
onic parasympathetic  bers. T e parasympathetic 
innervation o  the head is via 4 ganglia (Note: T ese 
ganglia also contain sympathetic and sensory  bers):

 1.  Ciliary ganglion—parasympathetic preganglionic 
 bers  rom the oculomotor nerve (CN III) travel to 
the ciliary ganglion. Postganglionic  bers extend to 
the iris and lens o  the eye.

 2.  Sphenopalatine (or pterygopalatine) ganglion—
parasympathetic preganglionic  bers  rom the  acial 
nerve (CN VII) travel via the glossopalatine nerve 
through the geniculate ganglion and the great pet-
rosal nerve to reach the sphenopalatine ganglion. 
Postganglionic  bers travel to lacrimal glands and 
mucous membranes o  the nasal cavity and hard 
and so t palate.

 3.  Otic ganglion—parasympathetic preganglionic 
 bers  rom glossopharyngeal nerve (CN IX) travel 
through the jugular ganglion, the tympanic nerve 
and small petrosal nerve to reach the otic ganglion. 
Postganglionic  bers then travel to the parotid 
gland.

 4.  Submaxillary ganglion—parasympathetic pregan-
glionic  bers  rom the  acial nerve (CN VII) travel 
through the geniculate ganglion via the glossopala-
tine nerve, the chorda tympani, and the lingual 
nerve to the submaxillary ganglion. Postganglionic 
 bers travel to the submaxillary and sublingual 
glands.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 19. During preoperative anesthetic assessment, a patient 
 eels unwell and “ aints.” Neurally mediated syncope 
may be caused by which o  the  ollowing?

 (A) diabetes
 (B) volume depletion
 (C) supraventricular tachycardia

 (D) ocular pressure
 (E) myocardial ischemia

Causes o  syncope (transient loss o  consciousness) 
include:
• Neurally mediated syncope
• Orthostatic hypotension
• Cardiac syncope
Neurally mediated syncope is the result o  increased 
parasympathetic e erent activity (via the vagus nerve) 
leading to bradycardia, and inhibition o  sympathetic 
e erent activity leading to vasodilation.  riggers  or 
this re ex arc include:
• Vasovagal syncope (provoked by pain, fear, anxiety)
• Airway instrumentation
• Urogenital tract instrumentation
• Gastrointestinal tract instrumentation
• Carotid sinus massage
• Ocular pressure and ocular surgery
Orthostatic hypotension is generally due to  ailure o  
the autonomic nervous system to provide adequate 
sympathetically mediated vasoconstriction and 
increased chronotropy. Causes o  ANS dys unction 
include:
• Parkinson’s disease
• Shy-Drager syndrome
• Diabetes
• Volume depletion
• Hereditary and immune autonomic neuropathies
Cardiac syncope may be caused by arrhythmias 
(sinus node dys unction, supraventricular tachycar-
dia, ventricular tachycardias) or structural heart dis-
ease (cardiomyopathies, myocardial ischemia, valvu-
lar disease).

Re : Kasper D, Fauci A, Hauser S, Longo D, Jameson J, 
Loscalzo J. Harrison’s Principles of Internal Medicine. 19th ed. 
New York, NY: McGraw Hill; 2015.

 20. Various ganglia provide autonomic innervation to the 
head. Which o  the  ollowing ganglia contains pregan-
glionic sympathetic  bers?

 (A) submaxillary
 (B) ciliary
 (C) sphenopalatine
 (D) otic
 (E) superior cervical
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Sympathetic innervation to the head is via the superior 
cervical ganglion. Preganglionic sympathetic  bers 
travel  rom the spinal cord, via the white rami commu-
nicantes, to reach the superior cervical ganglion (T e 
sympathetic chain  orms 3 cervical ganglia: in erior cer-
vical, middle cervical, and superior cervical). Postgan-
glionic sympathetic  bers then pass  rom the superior 
cervical ganglion, via the carotid plexus, to the head. In 
the head, there are 4 pairs o  autonomic ganglia:

 1. Ciliary ganglion
 2. Sphenopalatine (or pterygopalatine) ganglion
 3. Otic ganglion
 4. Submaxillary ganglion

In addition to the postganglionic sympathetic  bers, 
each o  these ganglia also contains parasympathetic 
and sensory  bers.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 21. Activation o  receptors in the carotid sinus activates a 
re ex arc termed the baroreceptor re ex (barore ex). 
Which part o  this re ex is correctly identi ed?

 (A) Low blood pressure increases the number o  
baroreceptor action potentials.

 (B) A  erent nerve  ibers travel  rom the carotid 
sinus via the vagus nerve to the medulla.

 (C) In the medulla, the nucleus o  the tractus  
solitarius (N S) releases GABA.

 (D)  onic discharge o  sympathetic nerves is 
inhibited.

 (E) Resultant change includes vasoconstriction and 
tachycardia.

Activation o  the baroreceptor re ex results in inhibi-
tion o  sympathetic out ow. T e baroreceptor re ex is 
a negative  eedback loop (Figure 2-4). An increase in 
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neuron (NE)

Heart

Preganglionic
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s inus

FIG. 2-4. Basic pathways involved in the medullary control of blood pressure. The rostral ventrolateral medulla (RVLM) is one of the 
major sources of excitatory input to sympathetic nerves controlling the vasculature. These neurons receive inhibitory input from the 
baroreceptors via an inhibitory neuron in the caudal ventrolateral medulla (CVLM). The nucleus of the tractus solitarius (NTS) is the site of 
termination of baroreceptor afferent fibers. The putative neurotransmitters in the pathways are indicated in parentheses. Ach, 
acetylcholine; GABA, γ -aminobutyric acid; Glu, glutamate; IML, intermediolateral gray column; IVLM, intermediate ventrolateral medulla; 
NE, norepinephrine; NTS, nucleus of the tractus solitarius; IX and X, glossopharyngeal and vagus nerves. (Reproduced with permission 
from Barrett KE, Boitano S, Barman SM, Brooks HL. Ganong’s Review of Medical Physiology. 24th ed. New York, NY: McGraw Hill; 2012.)
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blood pressure stretches the baroreceptors in the 
carotid sinus and aortic arch. Stretching increases the 
number o  baroreceptor action potentials. In the 
carotid sinus, in ormation in the a erent limb o  the 
re ex is relayed to the medulla via the glossopharyn-
geal nerve (the vagus nerve relays in ormation  rom 
baroreceptors in the aortic arch). In the medulla, a er-
ent  bers synapse with the nucleus o  the tractus soli-
tarius (N S), which releases an excitatory neurotrans-
mitter, glutamate. T e N S interacts with both 
sympathetic and parasympathetic out ow to the heart 
and vasculature. In parasympathetic out ow, the N S 
releases glutamate and stimulates vagal activity in the 
nucleus ambiguus and dorsal motor nucleus. In sym-
pathetic out ow, the N S releases glutamate and stim-
ulates inhibitory interneurons in the caudal ventrolat-
eral medulla (CVLM). 
 Activation o  the CVLM releases GABA, which 
inhibits the rostral ventrolateral medulla (RVLM). 
T e RVLM, or vasomotor area, sends excitatory sig-
nals to the sympathetic neurons in the spinal cord. In 
this way, activation o  the baroreceptor re ex stimu-
lates the parasympathetic nervous system and inhib-
its the sympathetic nervous system, resulting in vaso-
dilation, bradycardia, hypotension, and decreased 
cardiac output. As an aside, the carotid and aortic 
bodies are chemoreceptors involved in regulation o  
breathing (they are stimulated by hypoxia and to a 
lesser degree by altered CO2 and pH). It should be 
noted that the carotid and aortic bodies also provide 
excitatory input to the RVLM and the sympathetic 
nervous system.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 22. In the spinal cord, which o  the  ollowing components 
o  the sympathetic nervous system  orms the white 
rami communicantes?

 (A) preganglionic neuron
 (B) postganglionic neuron
 (C) collateral ganglion
 (D) spinal nerve
 (E) sympathetic ganglion

Sympathetic nervous system out ow in the spinal cord 
is  rom  1 to L2 (thoracolumbar out ow). T e 

preganglionic cell bodies are  ound in the intermedio-
lateral cell columns o  the spinal cord. T e pregangli-
onic  bers  ollow the ventral roots and spinal nerves 
out o  the intervertebral  oramina. T e preganglionic 
 bers connect to the sympathetic ganglia o  the para-
vertebral ganglionic chain via the white rami commu-
nicantes (mostly myelinated  bers). T e preganglionic 
 bers may stay at that level or travel up, down, or out 
o  the ganglionic chain, eventually synapsing with 
postganglionic  bers. T ose  bers traveling out o  the 
ganglionic chain without synapsing go on to synapse at 
collateral (intermediary) sympathetic ganglia such as 
the celiac and mesenteric ganglia. Gray rami commu-
nicantes are the unmyelinated sympathetic postgangli-
onic  bers exiting the paravertebral ganglionic chain 
and joining the spinal nerves to continue on to their 
target sites.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 23. A erent nociceptors respond to various harm ul stim-
uli. In order to respond to stimuli, which type o  
peripheral nociceptor requires activation by in amma-
tory mediators?

 (A) silent
 (B) polymodal
 (C) thermoreceptor
 (D) mechanoreceptor
 (E) chemoreceptor

A silent nociceptor is not active in uninjured tissue. It 
requires activation by in ammatory mediators. In gen-
eral, primary a erent nociceptors may respond to a 
variety o  stimuli including temperature (thermorecep-
tor), pressure (mechanoreceptor), and chemicals such 
as prostaglandins, leukotrienes, and bradykinin 
(chemoreceptor). A polymodal nociceptor responds to 
multiple stimuli. Aδ  bers include mechano- and 
thermoreceptors, while the majority o  C  bers are 
polymodal nociceptors.

Re : Kasper D, Fauci A, Hauser S, Longo D, Jameson J, 
Loscalzo J. Harrison’s Principles of Internal Medicine. 19th ed.  
New York, NY: McGraw Hill; 2015.
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 24. Pain stimuli, via Aδ  bers, travel to subdivisions o  gray 
matter within the spinal cord. In an uninjured spinal 
cord, in which lamina o  the dorsal horn do Aδ  bers 
terminate?

 (A) lamina I
 (B) lamina III 
 (C) lamina IV 
 (D) lamina VI 
 (E) lamina VII

Nociceptive stimuli are transmitted via Aδ and C 
 bers to the spinal cord (Figure 2-5). Aδ  bers termi-
nate in laminae I and II with collateral branches to 
laminae V and X. C  bers terminate in laminae I, II, 
and V. T e Rexed subdivisions o  the dorsal horn 
include laminae I-VI (lamina I and II together are also 
termed the substantia gelatinosa). T e ventral horn 
includes laminae VII-IX, and lamina X surrounds the 
central canal. Note, a ter injury, the dorsal horn 

cytoarchitecture changes, which may explain phenom-
ena such as allodynia and neuropathic pain.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

DIREC IONS: For each  unctional description below, 
select ONE lettered structure that is most closely asso-
ciated with it. Each lettered structure may be selected 
once, more than once, or not at all.

 (A) amygdala
 (B) basal ganglia
 (C) cerebral cortex
 (D) cerebellum
 (E) hippocampus
 (F) hypothalamus
 (G) internal capsule
 (H) medulla
 (I) pons
 (J) reticular activating system
 (K) thalamus

 25. T is portion o  the limbic system is located in the 
medial aspect o  the temporal lobe. It is important  or 
converting short-term memory to long-term memory, 
and  or spatial navigation.

 (E) Hippocampus

T e hippocampus is one component o  the limbic 
system, along with the thalamus, hypothalamus, and 
amygdala. Anatomically, these structures are  ound 
tucked underneath the edge o  the cerebral cortex 
(Latin limbus =  border). Each hippocampus is 
shaped like a small banana or a seahorse (Greek hip-
pos meaning “horse” and kampos meaning “sea 
monster”).
 T e hippocampi play an important role in the  or-
mation o  new memories. Damage to both hippo-
campi results in di culty  orming new memories, 
although damage to just one hippocampus generally 
results in little change in  unction. Damage to the hip-
pocampus does not appear to a ect all types o  
memory. For example, the learning o  a new skill 
involves memory processing, which is una ected by 
hippocampal damage. T e hippocampus is one o  the 
very  ew places in the brain where new neurons are 
continually  ormed, and it serves as a source  or neural 
stem cells.

Mechanoreceptors
Mechanoreceptors
Nociceptors
Cold receptors
Nociceptors
Thermoreceptors
Mechanoreceptors

To dorsa l columns
Aβ

C

Aδ

IX

VIII

VII

X
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FIG. 2-5. Rexed’s spinal cord laminae. Note the termination of the 
different types of primary afferent neurons. (Reproduced with permission 
from  Butterworth JF IV, Mackey DC, Wasnick JD. Morgan and Mikhail’s 
Clinical Anesthesiology. 5th ed. New York, NY: McGraw Hill; 2013.)
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 It appears that the hippocampus also plays a role in 
spatial memory—patients with non unctioning hip-
pocampi o ten cannot remember where they have been 
or where they are going. London taxi drivers, who 
must pass a rigorous knowledge test o  city streets 
be ore they are licensed, have been  ound to have 
larger-than-average hippocampi. Whether the drivers 
are predisposed to good navigational skills and are pre-
selected  or that occupation, or whether navigating the 
streets exercised the hippocampus and enlarges is, is 
unclear.
 T e hippocampus appears to be especially sensitive 
to stress, and elevations in cortisol cause a reduction in 
excitability in some neurons, inhibition o  new neuro-
nal development, and atrophy o  dendrites in hippo-
campal pyramidal cells. Patients with post-traumatic 
stress disorder and Cushing’s syndrome have been 
shown to have hippocampal atrophy.

Re : Ropper AH, Samuels MA, Klein JP. Adams and Victor’s 
Principles of Neurology. 10th ed. New York, NY: McGraw 
Hill; 2014.

 26. T is di use collection o  neurons are responsible  or 
regulating arousal behavior. 

 (J) Reticular activating system

T e reticular activating system (RAS) is a set o  nuclei 
in the brainstem that play a role in arousal and sleep-
wake transitions, as well as the overall level o  CNS 
activity. It is synonymous with the ascending compo-
nent o  the reticular  ormation. T ere are multiple 
inputs to the RAS including a erent sensory tracts, 
trigeminal tracts, and auditory and visual input. Neu-
rons  rom the RAS project to the intralaminar nucleus 
o  the thalamus, as well as a di use pathway to the 
cortex that bypasses the thalamus. Several neurotrans-
mitter systems are present in the RAS, including sero-
tonergic, adrenergic, histaminergic, dopaminergic and 
cholinergic. 
 During wake ulness, combined excitatory input 
 rom the cortex and the RAS promote the tonic  ring 
o  thalamocortical neurons. T is promotes a state o  
vigilance, arousal and attention to detail. On the other 
hand, during slow-wave deep sleep or general anesthe-
sia, thalamocortical neurons maintain a bursting pat-

tern o   ring, which drives a synchronization o  the 
cortex and the slow 1 to 4 Hz delta waves seen on 
EEG during the deepest stages o  non-REM sleep. 
T e principal brainstem nuclei o  the RAS that e ect 
ascending excitatory input to the hypothalamus, thal-
amus and cortex are the locus ceruleus (LC) and dor-
sal raphe.
 Anesthetic drugs may a ect components o  the 
RAS and contribute to an unconscious state. Dexme-
detomidine exerts its sedative e ect by inhibiting the 
LC a noradrenergic component o  the RAS. Similarly, 
levels o  catecholamine in the central nervous system 
in uence MAC. Patients who have ingested cocaine or 
amphetamines have increased requirements  or anes-
thesia due to activation o  the LC. Spinal anesthesia 
decreases the peripheral input into the RAS and has 
been shown to render these patients sensitive to 
sedatives. 

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 27. T is is a 2 to 3 mm thick layer o  gray matter covering 
the gyri and sulci, responsible  or complex  unctions 
such as memory, language, abstraction, and judgment. 

 (C) Cerebral cortex

T e cerebral cortex is the outermost layer o  the brain 
that covers the two cerebral hemispheres. It is a thin 
layer o  2 to 3 mm, but is deeply  olded which vastly 
increases the sur ace area. T e neocortex, which rep-
resents the great majority o  the cortex, has six dis-
tinct layers, labeled I through VI. T e  rst three lay-
ers (the supragranular layers) are the origin and 
termination o  intracortical connections. Layer IV 
receives thalamocortical connections. Layers V and 
VI connect the cortex with subcortical areas such as 
the basal ganglia, brainstem and spinal cord. T e 
allocortex, a more ancient part o  the cortex, has less 
than six layers and includes the ol actory cortex and 
the hippocampus.
 T e  unctional organization o  the neocortex is out-
lined in  able 2-1.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.
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 28. A group o  nuclei situated at the base o  the  orebrain 
that are associated with voluntary motor control. 

 (B) Basal ganglia

T e basal ganglia are composed o  the striatum (caudate 
nucleus and putamen), the globus pallidus (substantia 
nigra and nucleus accumbens), and the subthalamic 
nucleus. T ese structures play a role in voluntary motor 
control as well as reward. T e neurotransmitter that 
subserves both o  these  unctions is dopamine. Parkin-
son’s disease is a degenerative disorder o  the CNS result-
ing  rom the loss o  dopamine-generating cells in the 
substantia nigra. T e result is rigidity, bradykinesia, rest-
ing tremor, and gait disturbances. Huntington’s chorea, 
characterized by uncontrollable movements, loss o  
coordination, and neuropsychiatric symptoms, a ects 
many brain structures, but the most sensitive appears to 
be the striatum.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 29. A large band o  white matter providing a thorough are 
 or axons leaving and entering the cerebral cortex.

 (G) Internal capsule

T e internal capsule is a mass o  myelinated axons that 
transmit signals  rom the cortex to the subcortical 
areas, as well as sensory in ormation upward  rom sub-
cortical areas to the sensory cortex. It contains the 
pyramidal tracts, which are the pathways  or voluntary 
motor signals to travel  rom the cortex to the pyramids 
o  the medulla, and eventually to the spinal cord.
 T e internal capsule runs  rom the corona radiata 
(just below the gray matter o  the cortex) and sepa-
rates the basal ganglia (laterally)  rom the thalamus 
(medially). It is here that the  bers tend to 
“bottleneck” be ore entering the brainstem. T e 

internal capsule is the most common location  or 
lacunar strokes.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New 
York, NY: McGraw Hill; 2013.

 30. A healthy 30 year-old man is receiving general anes-
thesia  or a sinus procedure. During the case, he 
becomes light and bucks on the endotracheal tube. His 
next blood pressure reading  rom the cu  is 175/90 
mm Hg (baseline 120/80 mm Hg). What is the e ect 
o  this increase in systemic blood pressure on his cere-
bral blood  ow (assuming no change in intracranial 
pressure)? 

 (A) cerebral vasodilation with increased cerebral 
blood  low

 (B) cerebral vasodilation with decreased cerebral 
blood  low

 (C) cerebral vasoconstriction with increased cerebral 
blood  low

 (D) cerebral vasoconstriction with decreased cerebral 
blood  low

 (E) cerebral vasoconstriction with no change in 
cerebral blood  low

Cerebral per usion pressure (CPP) is the pressure gra-
dient causing blood  ow to the brain. It is calculated 
by subtracting the intracranial pressure (ICP)  rom the 
mean arterial pressure (MAP). I  jugular venous pres-
sure is higher than the ICP, then this is subtracted  rom 
MAP instead. Cerebral per usion pressure is normally 
between 70 and 90 mm Hg in adults. A patient with a 
CPP below 70 mm Hg will begin to show signs o  
cerebral ischemia.
 Cerebral autoregulation is the ability o  the cerebral 
vasculature to vasodilate and vasoconstrict in response 
to changes in the MAP to maintain constant cerebral 

TABLE 2-1. Organization of the neocortex.

Part of cortex  Location  Function

Primary somatosensory cortex  Post-central gyrus (parietal lobe)  Sensation based on degree of innervation (i.e., lips and fingertips are 
represented much more than other parts)

Visual cortex  Surrounds calcarine sulcus (occipital lobe)  Interpretation of visual input from optic nerves.
Auditory cortex  Transverse temporal gyri (temporal lobe)  Interpretation of sound. In the dominant hemisphere, the cortex 

surrounding the auditory cortex (Wernicke’s area) is required for 
understanding verbal and written language. 

Primary motor cortex  Precentral gyrus (frontal lobe)  Origin of the corticospinal tract. Also some cortical bulbar fibers and 
projections to thalamus and basal ganglia.

Prefrontal cortex  Frontal lobe  Executive functions such as working memory, judgment, planning, 
abstract reasoning and dividing attention. Also impulse control, 
personality, reactivity to surroundings and mood.
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blood  ow (CBF). As the pressure gradient to the 
brain  alls, vessels dilate to keep CBF constant; con-
versely, as pressure increases, the vessels constrict to 
keep  ow constant by way o  increased resistance. 
Autoregulation normally occurs within the MAP range 
o  50 to 150 mm Hg. Below this, vessels are already 
maximally vasodilated and  urther reductions in pres-
sure result in a linear decrease in CBF (Figure 2-6). 
 At the other end o  the spectrum, increases in MAP 
beyond 150 mm Hg cannot be constrained by  urther 
vasoconstriction and  ow begins to increase linearly. 
T is autoregulation is o ten dys unctional or abolished 
in the presence o  pathology (e.g., trauma, tumor), so 
increases in MAP are more likely to result in an 
increased CBF, with a concomitant rise in the volume 
o  the blood compartment in the skull. T is leads to 
increased ICP and the beginning o  a vicious cycle that 
ends in cerebral ischemia.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 31. Which o  the  ollowing statements about cerebral blood 
 ow (CBF) is  RUE? 

 (A) CBF averages 150 mL/100 g/min o  brain  
tissue.

 (B) White matter has a higher CBF compared to 
gray matter.

 (C) CBF increases logarithmically with increases in 
PaCO2.

 (D) CBF is unresponsive to changes in PaO2 above 
60 mm Hg.

 (E) Volatile anesthetics produce a dose-dependent 
decrease in CBF.

CBF represents approximately 750 mL/min, or about 
15% o  cardiac output (although it is only 2% o  the 
total mass o  the body). Put another way, this is about 
50 mL/100 g/min o  brain tissue. Flow is not constant 
to all areas, and those with metabolically active cell 
constituents (i.e., cell bodies) require more per usion. 
For this reason, gray matter receives about 4 times the 
CBF as neighboring white matter, which is just com-
posed o  axons and supporting cells. All o  the volatile 
anesthetics increase CBF in a dose-dependent manner. 
T is e ect is most potent  or halothane, but still occurs 
with iso urane, sevo urane and des urane, especially 
at levels > 1.5 MAC. However, while the CBF increases 
with the volatile agents, cerebral metabolism decreases, 
a phenomenon known as “uncoupling,” since the 
decrease in metabolic demand is not proportionally 
met with a decrease in CBF. 
 Cerebral vascular resistance, one o  the two determi-
nants o  CBF along with cerebral per usion pressure, is 
in uenced chemically by changes in PaCO2 and PaO2. 
In the normal brain, as PaCO2 increases, there is a lin-
ear increase in CBF (Figure 2-7). Normoxia and hyper-
oxia have little in uence on CBF, while a drop in the 
cerebral PaO2 below a critical threshold o  60 mm Hg 
results in a signi cant vasodilatory response and 
increase in CBF in an attempt to maintain oxygen 
delivery to the cells.
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FIG. 2-6. Normal cerebral autoregulation curve.
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Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 32. Regarding cerebral blood  ow (CBF), “inverse steal” 
re ers to which o  the  ollowing? 

 (A) decreased relative CBF to pathologic areas  
during hypocapnia

 (B) increased relative CBF to pathologic areas  
during hypercapnia

 (C) increased relative CBF to pathologic areas  
during hypocapnia

 (D) decreased relative CBF to normal areas during 
hypocapnia

 (E) increased relative CBF to normal areas during 
hypercapnia

T e response o  the cerebral vasculature to hypercapnia 
is ordinarily linear and consistent (i.e., the higher the 
PaCO2, the higher the CBF). However, in areas sur-
rounding tumors, traumatically injured areas, or areas 
o  in arct, vasodilation may already be maximal, pre-
sumably due to accumulation o  acidic metabolic 
products. I  hypercapnia then occurs, normal cerebral 
vasculature in other parts o  the brain will dilate, 
accommodating an increase in  ow and producing a 
shunt away  rom the injured portion o  the brain. T is 
is termed “intracerebral steal syndrome.” 
 T e reverse is true with hypocapnia. As the PaCO2 
decreases, normal vessels will constrict, increasing the 
resistance to those areas and creating  avorable 
conditions  or increased  ow to the diseased areas. T is 

is known as the “inverse steal syndrome” or “Robin 
Hood e ect.” 

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 33. Which o  the  ollowing statements best re ects the 
relationship between cerebral metabolic rate  or oxygen 
(CMRO2) and cerebral blood  ow (CBF)? 

 (A) CBF remains constant until a threshold  
minimum level o  is CMRO2 is reached.

 (B) CBF increases proportionally as CMRO2 
decreases.

 (C) CBF decreases proportionally as CMRO2 
increases.

 (D) CBF decreases proportionally as CMRO2 
decreases.

 (E) CBF is independent o  CMRO2.

Cerebral metabolic rate is one o  the principal determi-
nants o  CBF. Normally, the cells in the adult brain use 
3 to 3.8 mL/100 g o  brain tissue/min o  oxygen. T is 
is not equally distributed, as gray matter has a meta-
bolic rate approximately 4 times that o  white matter. 
T is oxygen utilization is normally coupled with oxy-
gen delivery in a ratio o  15:1 (since CBF is typically 
50 mL/100 g/min). T e mechanisms by which this 
coupling occur are not  ully clear but may include local 
production o  nitric oxide, adenosine, cyclooxygen-
ases, astrocytic cytochrome p450, and potassium. T e 
CMRO2 can be manipulated clinically to decrease the 
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FIG. 2-7. Relationship between cerebral blood flow and oxygen/carbon dioxide tension.
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requirement  or oxygen during times when blood  ow 
is substantially reduced or absent (i.e., deep hypother-
mic cardiac arrest).
 Factors increasing the CMRO2 include arousal and 
alertness, seizures, and an increase in brain temperature 
up to 42°C. Most anesthetics (except ketamine) 
decrease the CMRO2, and barbiturates in particular 
have been used to induce electrical silence on the EEG, 
which corresponds to a reduction in CMRO2 o  
approximately 60% (40% o  metabolism is required  or 
cellular homeostasis). Hypothermia decreases the meta-
bolic rate by 6% to 7%  or every degree celcius, and is 
the only means o   urther reducing the constitutive 
portion (the 40%  or cellular homeostasis) o  CMRO2. 

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 34. You are providing anesthesia  or a patient with long-
standing moderate hypertension that is poorly con-
trolled. Which o  the  ollowing ranges o  mean arterial 
pressure BES  represents the limits o  autoregulation 
o  cerebral blood  ow in this patient? 

 (A) 50 mm Hg and 100 mm Hg
 (B) 50 mm Hg and 125 mm Hg
 (C) 50 mm Hg and 150 mm Hg
 (D) 75 mm Hg and 150 mm Hg
 (E) 75 mm Hg and 175 mm Hg

T e normal cerebral autoregulation curve (see Figure 
2-6  rom question 30) can be abolished by a number 

o   actors, such as hypercapnia, hypoxia, volatile anes-
thetics, and cerebral pathology including trauma, 
tumors, stroke, and ruptured intracranial aneurysms. 
In these cases, it is important to maintain the mean 
arterial pressure (and by extension, the cerebral per u-
sion pressure) in a tightly controlled range to avoid 
hypo- or hyperper usion.
 T e autoregulation curve can also be shi ted on its 
x-axis by chronic exposure to elevated arterial pressures 
(Figure 2-8). T is is a protective mechanism by the 
body to maintain a constant cerebral blood  ow. How-
ever, the result is that a mean arterial pressure o  70 
mm Hg, which might be appropriate  or a healthy 
patient, may in  act sit below the lower limit  or auto-
regulation in a patient who is used to a mean pressure 
o  125 mm Hg. It is critical  or the anesthesiologist to 
manage the hemodynamics in chronic hypertensives as 
i  they have a right-shi ted autoregulation curve to pre-
vent underper usion o  the brain. It can be a clinical 
challenge to determine which hypertensives are well 
controlled  on medication and there ore have “normal-
ized” autoregulation curves, and which patients are 
truly shi ted. Care ul preoperative assessment and 
notation o  clinic and preadmission blood pressures 
are o ten valuable clues.
 Answer (E) is the only choice in which both values 
are above the normal range.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.
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FIG. 2-8. Normal cerebral autoregulation curve (solid line) showing the “right-shift” effect 
of chronic hypertension (dashed line).
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 35. Which o  the  ollowing statements regarding cerebral 
ischemia is  RUE? 

 (A)  he penumbra area o  an ischemic insult is the 
area most a  ected by the lack o  oxygen. 

 (B) Global ischemia is de ined as interruption o  
cerebral blood  low to one entire cerebral  
hemisphere.

 (C) Ischemic depolarization occurs when cerebral 
blood  low is diminished to 30 mL/100 g/min.

 (D) Cell death in ischemia involves activation o  
the AMPA receptor by glutamate and the 
in lux o  calcium into the cell.

 (E) Autoregulation o  cerebral blood  low is main-
tained at the a  ected area during  ocal but not 
global ischemia.

Cerebral ischemia is classi ed as either global or  ocal. 
Global ischemia is seen during a severe reduction in 
cerebral blood  ow (CBF) to the entire brain, as is seen 
 ollowing cardiac arrest. Focal ischemia is limited to a 
speci c vascular territory and is usually due to throm-
boembolic or atherosclerotic stroke.
 Normal CBF is 50 mL/100 g/min. When CBF is 
diminished to approximately 18 mL/100 g/min, 
depletion o  A P causes ion pumps to  ail (ischemic 
depolarization), and calcium enters the cells, triggering 
the release o  glutamate. T is accelerates the entry o  
calcium by binding to AMPA and NMDA receptors, 
leading to the generation o   ree radical and reactive 
oxygen species, as well as harm ul phospholipases and 
caspase. Water enters the cell  ollowing an osmotic gra-
dient and results in localized swelling o  the a ected 
area (cytotoxic edema). T ese processes culminate in 
apoptosis and cell death; the release o  byproducts 
 rom cellular damage and necrotic cells activates com-
ponents o  the in ammatory pathway. Generally this 
process is irreversible i  CBF  alls to below 10 mL/100 
g/min.
 In  ocal ischemia, there are two areas o  pathology. 
T e  rst area receives no blood  ow (the “ischemic 
core”) and responds in a similar manner as globally 
ischemic tissue; the second area, surrounding the core, 
is termed the “penumbra” and is comprised o  tissue 
that is marginally per used. Penumbra regions are 
o ten served by collateral vessels. T e outcome  ollow-
ing  ocal ischemia depends on ischemic severity and 
duration; i  the insult is maintained  or a prolonged 
period, the neurons in the penumbra die. More neu-
rons in the penumbra region survive i  collateral blood 

 ow can be recruited or i  reper usion is reestablished 
quickly by opening o  the culprit vessel. 
 Autoregulation o  CBF is not e ective during early 
ischemia and  ow becomes pressure dependent.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 36. Which o  the  ollowing statements regarding glucose 
and cerebral ischemia are  RUE? 

 (A) Hyperglycemia has been demonstrated to be 
harm ul  or both  ocal and global ischemia.

 (B) Hyperglycemia has been demonstrated to be 
harm ul in  ocal but not global ischemia.

 (C) Hyperglycemia has been demonstrated to be 
harm ul in global but not  ocal ischemia.

 (D) Dextrose-containing solutions are sa e to use in 
brain-injured patients due to the small amount 
o  sugar present.

 (E) Patients with brain injury, stroke or brain tumor 
should be managed with intensive insulin ther-
apy to ensure tight glycemic control.

A number o  studies have demonstrated that glyce-
mic control is an important predictor o  outcome  ol-
lowing ischemia, whether global or  ocal. T e mecha-
nism  or the harm ul e ect o  hyperglycemia 
(generally de ned as blood glucose > 126 mg/dL) has 
not been  ully elucidated, but proposed mechanisms 
include accentuation o  the release o  excitatory 
amino acids (e.g., glutamate), reduction in levels o  
inhibitory neurotransmitters, recruitment o  neutro-
phils, and mitochondrial damage. Glucose reduction 
has been shown to decrease ischemic damage in 
experimental models, strengthening the argument  or 
avoiding marked elevation o  blood sugar in these 
patients. 
 Dextrose-containing solutions should be avoided in 
patients with suspected or con rmed brain injury. How-
ever, the optimal blood glucose range is unclear. T e 
AHA/ASA guidelines  or acute ischemic stroke recom-
mend that blood glucose be maintained between 140 
and 180 mg/dL. Intensive insulin therapy (blood glucose 
goal o  approximately 80 to 110 mg/dL) has been the 
subject o  many investigations, with con icting results. 
Intensive control o  blood sugar in critical care patients 
has been shown to increase the risk o  severe hypoglyce-
mia (and in some cases the risk o  mortality), which can 
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mimic  ocal neurologic de cits, and i  severe enough, 
result in neuronal injury. In summary, both hyper- and 
hypoglycemia are associated with worsened outcome in 
neurologic injury, and care ul monitoring and manage-
ment o  the glycemic status is warranted.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 37. Which o  the  ollowing cerebral autoregulation curves 
shown in Figure 2-9 best describes the traumatically 
injured brain? 

 (C)

T e injured brain ( rom trauma, stroke, tumor, vascu-
lar mal ormation, etc.) exhibits a disturbed autoregula-
tion curve  or those a ected portions. Because o  local 
in ammatory and/or ischemic mediators, local blood 
 ow is o ten maximized through vasodilation and is 
 airly resistant to the usual in uences to cerebral 
vascular resistance such as PaCO2 and cerebral per u-
sion pressure (CPP). For example, i  the patient 
becomes hypercapnic, healthy vessels in noninjured  
parts o  the brain will vasodilate appropriately, whereas 
there is no more room to vasodilate at the site o  injury. 
T is can create a steal phenomenon, where healthy tis-
sue accommodates more  ow and diverts it  rom the 
injured areas.
 Similarly, the relationship between pressure and 
 ow in these areas is linear (i.e., as CPP increases, so 
does the  ow). T ere is a real danger in allowing the 

mean arterial pressure to become elevated in these 
patients, as there will be a increase in blood volume as 
well as a rise in the hydrostatic pressure gradient that 
will  urther worsen edema at the injured site. 

Re : Longnecker DE, Brown DL, Newman MF, Zapol 
WM. Anesthesiology. 2nd ed. New York, NY: McGraw 
Hill; 2012.

 38. Where in the central nervous system is cerebrospinal 
 uid (CSF) produced? 

 (A) cerebral aqueduct
 (B) cisterna magna
 (C)  ourth ventricle
 (D) choroid plexus
 (E) Interpeduncular cistern

CSF is produced by the choroid plexus, which is 
located in the lateral, third, and  ourth ventricles. T e 
choroid plexus is  ormed by invagination o  the vascu-
lar pia mater into the ventricular lumen, where it 
becomes a highly  olded, cauli ower-like mass.
 CSF production is both an active secretory process 
and a passive  ltration process. T ere is a well-de ned 
circulation pattern to CSF, starting  rom the lateral 
ventricle (where most o  the CSF is produced) and 
 owing through the interventricular  oramen into the 
third ventricle. A ter passing through the cerebral 
aqueduct into the  ourth ventricle, CSF leaves the ven-
tricular system through the median aperture and two 
lateral apertures, thereby entering the subarachnoid 
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FIG. 2-9. Cerebral autoregulation curves.
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space o  the brain stem. From here, CSF  ows through 
 oramen magnum to bathe the spinal cord, as well as 
superiorly around the cerebral hemispheres to be reab-
sorbed. CSF is reabsorbed into the venous system by 
passing through numerous arachnoid villi, which 
consist o  invaginations o  arachnoid mater through 
the wall o  the dural sinuses. T e driving  orce  or reab-
sorption is hydrostatic pressure.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 39. Which o  the  ollowing statements regarding cerebral 
spinal  uid (CSF) is  RUE? 

 (A)  he total volume o  CSF is approximately 250 mL,
 (B) CSF is produced by the arachnoid granulations 

o  the lateral ventricles.
 (C)  he pressure in the CSF with the patient sit-

ting is approximately 20 to 30 cm H2O.
 (D) CSF is  ormed at a rate o  approximately 60 mL/hr.
 (E) CSF circulation exhibits nonpulsatile  low.

CSF is largely produced by the choroid plexuses o  the 
cerebral ventricles, at a rate o  roughly 500 mL/day (or 
30 mL/hr). Much o  this is resorbed by the arachnoid 
granulations and lymphatic channels along nerve 
roots, so the constant volume o  CSF in the central 
nervous system is only between 100 and 150 mL. Its 
role is to serve is a physical cushion to the brain and 
spinal cord, increase the buoyancy o  the brain, and 
remove metabolic and neuroendocrine substances 
 rom the brain by absorption into the blood.
 CSF circulates throughout the lateral ventricles, the 
third and  ourth ventricle, and the subarachnoid space 
o  the brain and spinal cord. T is circulation is driven 
by bulk  ow  rom the new production o  CSF by the 
choroid plexus as well as by pulsations transmitted 
 rom intracerebral vasculature. 
 CSF pressure varies depending on the position o  the 
patient. When lying on their side, the pressure is approx-
imately 10 to 20 cm H2O, and can be thought o  as 
equal to intracranial pressure. When sitting, measure-
ment o  the CSF pressure via lumbar puncture will be 
elevated to approximately 20 to 30 cm H2O, due to the 
column o  CSF between the needle ori ce and the brain.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New 
York, NY: McGraw Hill; 2013.

 40. Which o  the  ollowing regarding the blood-brain  
barrier (BBB) is  RUE? 

 (A)  he BBB regulates the CSF and brain intersti-
tial potassium level.

 (B)  he BBB is readily permeable to plasma glutamate.
 (C)  he main barrier structure in the BBB is the 

basement membrane o  the capillaries.
 (D)  he BBB is immature at birth and takes 3 to  

4 months to  ully develop.
 (E)  he only cells capable o  crossing the BBB in 

the healthy brain are neutrophils.

T e barrier  unction o  the BBB prevents the unre-
stricted movement o  ions, neurotransmitters, macro-
molecules, and ingested neurotoxins  rom the plasma 
to the delicate environment o  the CNS. For example, 
plasma levels o  the excitatory amino acid glutamate 
may spike a ter ingestion o   ood, but the BBB prevents 
its passage into the CNS, where it has been shown to 
cause neurotoxic damage i  released in an uncontrolled 
 ashion. T e ionic environment in the brain must be 
kept ideal  or synaptic signaling. Ion transporters and 
channels ensure that while the plasma potassium con-
centration may vary widely, the brain interstitial and 
CSF concentration is maintained at about 2.9 mEq/L. 
T e BBB also permits active transport o  nutrients and 
metabolites required by neural tissue. 
 T e BBB to macromolecules and most ionized sol-
utes is created by the presence o  tight junctions 
between cerebral endothelial cells. T ese are  ormed by 
proteins called claudins and occludin that span the dis-
tance between two adjacent cells. T ese are connected 
to an interior cellular sca olding. Alterations in both 
intracellular and extracellular calcium concentration 
can modulate tight junction structure and alter the 
electrical resistance across the cell layer.
 T e BBB develops during  etal li e and is  ully 
 ormed at birth, especially to proteins and macromol-
ecules. While cells  rom the monocyte lineage enter 
the brain during embryonic development and become 
immunologically competent microglia. In in amma-
tion (i.e. with tumors or trauma), the BBB is incompe-
tent and neutrophils may elude the barrier and reside 
in the perivascular space around small vessels; however, 
this is abnormal, and in the absence o  pathology the 
central nervous system is an immunologically privi-
leged site.
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Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 41. Which one o  the statements regarding transport across 
the blood-brain barrier (BBB) is  RUE? 

 (A) CO2 must dissociate into HCO3
-  and H+  

be ore crossing the BBB.
 (B) Hydrogen ions readily di  use across the BBB.
 (C) Glucose is transported by the GLU -5 transporter. 
 (D) Lipid soluble drugs with a molecular weight 

< 400 Da can cross the BBB by di  usion.
 (E) Drugs with a high (> 8) number o  hydrogen 

bonds in aqueous solution cross the BBB readily.

Few substances pass through the BBB easily. T e blood 
gases oxygen and carbon dioxide are  reely di usible 
through the BBB. Substances that are charged are gen-
erally unable or very slow to cross without speci c 
transporters due to the large electrical resistance o  the 
BBB. T is explains why hydrogen ions are unable to 
 reely pass into the CSF. Glucose transport across the 
BBB is  acilitated by the GLU -1 transporter.
 Water moves easily across the BBB, but charged 
ions are restricted. Marked changes in the concentra-
tion o  plasma solutes can create a large osmotic gra-
dient between the CNS and plasma that results in 
water moving in or out. T e immediate e ect o  this 
is o set by equilibration, but i  it occurs rapidly 
enough, cerebral edema can occur, as in severe 
hyponatremia.
 Some drugs can cross the BBB by lipid-mediated 
 ree di usion. In general, these substances have a low 
molecular weight (< 400 Da) and are lipid soluble 
(e.g., propo ol has a molecular weight o  178 Da). T e 
degree o  hydrogen bonding is inversely proportional 
to the degree o  lipid solubility.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 42. In traumatic brain injury, which o  the  ollowing mech-
anisms best describes the mechanism  or breakdown o  
the blood-brain barrier (BBB)? 

 (A) Astrocytes secrete trans orming growth  actor-β .
 (B) Lipopolysaccharide promotes disruption o  the 

tight junctions via  ree radicals and interleukins.
 (C) Production o  bradykinin releases IL-6  rom 

astrocytes, leading to opening o  the BBB.

 (D) Accumulation o  amyloid-β .
 (E) Reduction in the e  icacy o  P-glycoprotein.

T ere are multiple mechanisms  or disruption o  the 
BBB, and many are present in the same disease pro-
cess. BBB breakdown has been shown to be partly 
attributable in trauma to the release o  the in amma-
tory mediator bradykinin. T is stimulates the produc-
tion and release o  interleukin-6  rom astrocytes, which 
results in a leaky BBB.
 BBB disruption in stroke is a complex pathologic pro-
cess, and involves the secretion o  trans orming growth 
 actor-β , which downregulates endothelial expression o  
tPA and thrombomodulin; induction o  aquaporin pro-
teins; and proteolysis o  basement membrane.
 Lipopolysaccharide-based disruption is characteris-
tic o  bacterial meningitis or encephalitis. Amyloid-β  
is a key pathologic  eature in Alzheimer’s disease, and 
accumulation o  this substance has a deleterious e ect 
on the integrity o  the basal lamina o  the BBB. Altered 
levels o  P-glycoprotein is implicated in many disease 
processes. Decreased e cacy o  this protein is one hall-
mark o  Parkinson’s disease.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 43. A patient is admitted to the critical care unit with a 
closed head injury. T e admitting resident leaves orders 
to hyperventilate the patient with a goal PaCO2 o  
25 mm Hg. Which o  the  ollowing is the likely conse-
quence to this therapeutic decision? 

 (A) a rise in CSF bicarbonate levels
 (B) a reduction in CSF bicarbonate levels
 (C) an elevation in CSF potassium levels
 (D) a reduction in CSF sodium levels
 (E) a reduction in CSF pH

Hyperventilation is one known method o  rapidly low-
ering intracranial pressure, since cerebral blood  ow 
(and there ore cerebral blood volume) is directly linked 
to PaCO2 through cerebral vasoconstriction. For every 
1 mm Hg decrease in PaCO2, there is roughly a 2% 
decrease in CBF. T is can be use ul in the short term as 
bridging therapy to a more de nitive interventional or 
surgical solution, i  there is evidence o  increased intra-
cranial pressure (ICP). 
 It is important to note that carbon dioxide di uses 
 reely across the blood-brain barrier (BBB), while 

MCGH380-CH02_027-086.indd   59  19/09/16   3:01 PM



60  2: Central and Peripheral Nervous System Anatomy and Physiology

charged ions such as bicarbonate do not. As such, 
hyperventilation produces a local alkalosis and vaso-
constriction by causing an imbalance in the acid-base 
status across the BBB. T is e ect is attenuated within 
6 to 24 hours by a reduction o  CSF bicarbonate ions, 
which brings the pH between CSF and blood back 
into balance. At this point, the cerebral arteriole diam-
eters have returned to baseline. However, when the 
clinical decision is made to discontinue hyperventila-
tion and return to normocapnia, the increased CO2 
load serves to dilate the vessels and increases cerebral 
blood  ow (up to > 120% o  baseline), which may 
worsen ICP and lead to edema in the injured area 
where the BBB is incompetent.
 Current guidelines  or treatment o  head-injured 
patients advocate  or care ul consideration o  hyper-
ventilation, and using it only in those patients who 
have an acute rise in ICP. In addition, PaCO2 should 
be maintained above 30 mm Hg.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 44. Blood and CSF are sampled at the same time  rom a 
patient. Which o  the  ollowing solute values would 
you expect to be equal  or both CSF and plasma? 

 (A) PaCO2

 (B) K+

 (C) Ca2+

 (D) glucose
 (E) osmolality

T e composition o  CSF is in many ways similar to 
plasma, a  nding that led some in the past to believe 
that it was simply an ultra ltrate. However, there are 
certain characteristics that demonstrate that this is 
unlikely, and in  act CSF is actively secreted. For exam-
ple, most ionic concentrations in the CSF remain 
static despite wide  uctuations in the plasma. More-
over, choroid plexus cells cultured in vitro can produce 
CSF in the absence o  a blood supply.
 T e principal di erences between the two  uids are 
that the potassium, calcium, and glucose levels are lower 
in CSF; magnesium and chloride levels are higher in 
CSF. T e pH is lower in CSF, due to the higher PCO2 
content and the diminished bu ering capacity compared 
to plasma. CSF protein levels are markedly reduced com-
pared to plasma. Osmolality is the one value that is con-
sistently identical between the two  uids ( able 2-2).

TABLE 2-2. Comparison of CSF and plasma solutes.

CSF  Plasma
Na+  (mEq/L)  141  142
K+  (mEq/L)  2.9  4.6
Ca2+  (mEq/L)  2.5  5.0
Mg2+  (mEq/L)  2.2  1.7
Cl-  (mEq/L)  124  101
HCO3

-  (mEq/L)  21  23
Glucose (mg/dL)  61  95
Protein (mg/dL)  30  7000
pCO2 (mm Hg)  50.5  41.1
pH 7.33  7.41
Osmolality (mosm/L)  289  289

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 45. Assuming a normothermic brain can tolerate 4 minutes 
o  ischemia, what is the approximate expected duration 
o  ischemia that can be tolerated at 27°C?

 (A) 5 minutes
 (B) 6 minutes
 (C) 9 minutes
 (D) 12 minutes
 (E) 15 minutes

Hypothermia decreases both the metabolic and  unc-
tional activities o  the brain, decreasing the CMRO2 
by approximately 7%  or each degree Celsius. How-
ever, this relationship is not linear throughout the 
range o  temperatures used clinically. T e relationship 
can be expressed using the temperature coe cient 
(Q10), the amount that cerebral metabolism decreases 
globally  or a each 10°C reduction in temperature. T e 
Q10 is approximately 2.3 between 37°C and 27°C. In 
other words, there is 57% reduction in CMRO2 when 
a patient’s brain is cooled to 27°C. In our example, i  
the normothermic brain (37°C) can tolerate 4 minutes 
o  complete ischemia, at 27°C the brain should toler-
ate 9 minutes o  ischemia (4 ×  2.3 =  9.2).
 Below 27°C the Q10 doubles to 4.5. T is correlates 
with the gradual loss o  neuronal  unction, as demon-
strated by an isoelectric EEG (which occurs between 
18°C and 21°C) and the ability o  the brain to tolerate 
more prolonged ischemia than would be predicted 
based on a linear model. Even mild hypothermia 
(1- 2°C) can provide bene t in reducing the damage 
 rom cerebral ischemia. Possible mechanisms include 
decreased calcium in ux, decreased glutamate release, 
preserved integrity o  the blood-brain barrier, and pre-
vention o  lipid peroxidation. 
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 Avoidance o  hyperthermia in neurologically 
injured patients is critical as above-normal tempera-
tures markedly increase CMRO2 and  urther worsen 
ischemic damage.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 46. Which o  the  ollowing is LEAS  likely to promote 
cerebral protection during anesthesia  or patients with 
ischemic brain injury? 

 (A) propo ol
 (B) etomidate
 (C) dexmedetomidine
 (D) lidocaine
 (E) xenon

Many anesthetic agents have been investigated as poten-
tial neuroprotective agents, particularly since many o  
them reduce the  unctional component o  CMRO2.
 Propo ol has demonstrated neuroprotective e ects 
in animal models o  both global and  ocal ischemia. 
One proposed mechanism is its antioxidant e ect, 
mediated by the phenolic hydroxyl group. Other theo-
ries include reductions in glutamate uptake, activation 
o  GABA receptors, and reduced dopamine release.
 Dexmedetomidine likely con ers neuroprotection 
in multiple ways. It has been shown to lower plasma 
catecholamine levels and improve neurologic outcome 
in rodent models o  ischemia. It also maintains the 
integrity o  the mitochondrial membrane and pro-
motes the uptake and metabolism o  glutamate by 
astrocytes.
 Lidocaine, a sodium channel blocker, has been 
shown to reduce the extent o  cerebral in arction  ol-
lowing  ocal ischemia. Xenon, an inert gas that acts as 
an antagonist o  NMDA receptors, has also been 
shown to improve outcome in hypoxic-ischemic brain 
injury.
 Etomidate has a history o  use as a neuroprotective 
agent during aneurysm clipping. However, more recent 
data show that this drug increases in arct size by reduc-
ing nitric oxide levels (and hence blood  ow) in isch-
emic tissue.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 47. You are administering anesthesia  or a patient undergo-
ing coronary artery bypass. Which o  the  ollowing is 
the BES  agent to use to induce preconditioning o  the 
brain against ischemia? 

 (A) propo ol
 (B) thiopental
 (C)  entanyl
 (D) iso lurane
 (E) ketamine

Preconditioning o  the brain using volatile anesthetics 
has been well documented, and improves neurologic 
outcomes. Administration o  these agents either imme-
diately prior or up to 4 days be ore commencement o  
the ischemic insult reduces the amount o  neuronal 
loss. T is e ect has been documented  or both iso u-
rane and sevo urane. T e mechanisms o  precondi-
tioning appear to be related primarily to activation o  
potassium-A P channels and signaling pathways but 
may also relate to a demonstrated increase in the 
expression o  anti-apoptotic  actors such as Bcl-2 that 
reduce the mitochondrial membrane permeability and 
hence the release o  cytochrome c into the cytoplasm.
 Intravenous anesthetic agents lack this precondi-
tioning e ect. Ketamine has mixed actions in this set-
ting: on one hand, it is an NMDA receptor antagonist 
and blocks calcium entry into the cell; on the other 
hand, it has been shown to cause vacuolation o  some 
subtypes o  neurons, and its role as a neuroprotective 
agent is unclear. T e noble gases (e.g., xenon) also 
appear to be e cacious as preconditioning agents.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 48. Which o  the  ollowing anatomic segments  orms the 
in erior (distal) end o  the spinal cord? 

 (A) cervical enlargement
 (B) lumbosacral enlargement
 (C) conus medullaris 
 (D) cauda equina
 (E)  ilum terminale

T e spinal cord is continuous with the medulla and 
extends in eriorly to the conus medullaris, which typi-
cally ends at the L1 or L2 level (adults) or L2 or L3 
level (in ants). T e  lum terminale is a  brous  lament 
o  glial cells enclosed in pia that travels  rom the conus 
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medullaris and extends to the coccyx where it anchors 
the spinal cord. T e cauda equina (“horse’s tail”) is a 
collection o  lumbar and sacral nerves that originate 
 rom the conus medullaris and travel in the dural sac 
within the spinal column be ore exiting. T e dural sac 
within the spinal column ends at ~S1 (adults) and ~S3 
(in ants). A spinal anesthetic or lumbar puncture typi-
cally accesses the cerebrospinal  uid below the level o  
the conus medullaris at ~L3-L4 interspace or L4-L5 
interspace.
 T e cervical and lumbosacral enlargements are the 
origins o  the nerves to the upper extremities and bra-
chial plexus; and the lower extremities and lumbosa-
cral plexus, respectively.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 49. A cross-section o  the spinal cord shows an “H” o  gray 
matter surrounded by white matter. Which portion o  
the spinal cord gives rise to preganglionic  bers o  the 
autonomic nervous system?

 (A) anterior horn
 (B) intermediolateral horn
 (C) posterior horn
 (D) dorsal column
 (E) ventral column

T e “H” o  gray matter in the spinal cord extends the 
length o  the spinal cord in columns. T e anterior 
horn (or anterior column, or ventral column) is the 
origin o  the lower motor neurons o  the spinal cord, 
which pass to the spinal nerves via the ventral roots. 
T e dorsal horn (or dorsal column or posterior col-
umn) receives sensory in ormation  or pain, tempera-
ture, pressure, and proprioception. T e intermediolat-
eral horn (or intermediolateral column), which 
separates the anterior and dorsal horns, gives rise to 
preganglionic  bers o  the autonomic nervous system 
in the thoracic, upper lumbar, and sacral regions o  the 
spinal cord.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New 
York, NY: McGraw Hill; 2013.

 50. T e gray matter o  the spinal can be divided into a 
number o  di erent layers or laminae (Rexed’s lami-
nae). Which o  the  ollowing laminae gives rise to the 
lower motor neurons that innervate the arms and legs?

 (A) I
 (B) II

 (C) V
 (D) VI
 (E) IX

Laminas I to VI  orm the dorsal horn:
• Laminas I and II (substantia gelatinosa) respond to 

pain ul stimuli.
• Laminas III and IV, which form the nucleus pro-

prius, receive sensory in ormation regarding light 
touch and position.

• Lamina V receives sensory information for both pain 
and visceral sensation.

• Lamina VI receives sensory information from muscle 
spindles and participates in spinal re lexes.

 Lamina VII contains Clarke’s column (interneurons 
involved in proprioception) and also the origins o  the 
intermediolateral column, which gives rise to pregan-
glionic  bers o  the autonomic nervous system. Lami-
nas VIII and IX contain the lower motor neurons 
that innervate axial musculature, the arms, and the 
legs. Lamina X contains the neurons around the cen-
tral canal o  the spinal cord. Function is not  ully 
elucidated.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 51. A deep tendon re ex (an example o  a spinal re ex) 
involves which o  the  ollowing components?

 (A) stretch o  extra usal muscle  ibers in muscle 
spindles.

 (B) activation o  a  erent Ia  ibers.
 (C) activation o  alpha motor neurons by  

interneurons.
 (D) activation o  gamma motor neurons by  

interneurons.
 (E) contraction o  intra usal muscle  ibers.

A deep tendon re ex (or stretch re ex) is a type o  
monosynaptic spinal re ex with the  ollowing compo-
nents (or re ex arc):
• Muscle receptor
• Sensory axons
• Lower motor neuron
• Muscle
A deep tendon re ex is initiated with activation o  
muscle spindles within the muscle. A muscle spindle is 
a mechanoreceptor with intra usal muscle  bers 
responding to changes in muscle length, and rate o  
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change o  muscle length. Muscle spindles in turn 
activate a erent nerve  bers, mainly Ia f bers, which 
then directly synapse with motor neurons in the spinal 
cord. Activation o  alpha motor neurons leads to con-
traction o  extra usal muscle  bers.
 Gamma motor neurons innervate the intra usal 
muscle  bers o  the muscle spindles. Activated by 
higher centers in the brain, gamma motor neuron acti-
vation does not lead to discernible muscle contraction, 
but rather regulates the set point  or deep tendon re ex 
activation.
 Interneurons (Renshaw cells) are inhibitory and 
involved in either inhibitory re ex arcs to prevent 
overactivity o  alpha motor neurons or polysynaptic   
re exes to cause contralateral muscle relaxation.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 52. T e a erent limb o  the oculocardiac re ex is which o  
the  ollowing nerves?

 (A) III
 (B) V
 (C) X
 (D) VII
 (E) II

T e oculocardiac re ex, a type o  visceral re ex, involves 
cranial nerve V as the a erent limb and cranial nerve X 
as the e erent limb.
 In general, spinal re exes may be classi ed into  
4 groups:

 1.  Super cial re exes (e.g., corneal re ex with cranial 
nerve V as a erent limb and cranial nerve VII as 
e erent limb, or light re ex with cranial nerve II as 
a erent limb and cranial nerve III as e erent limb).

 2.  Deep tendon re exes (e.g., patellar re ex with  em-
oral nerve as both a erent and e erent limb).

 3.  Visceral re exes (e.g., carotid sinus re ex with cra-
nial nerve IX as the a erent limb and cranial nerve 
X as the e erent limb).

 4.  Abnormal re exes (e.g., Babinski’s sign [plantar 
re ex] with tibial nerve as a erent and limb and 
peroneal nerve as e erent limb).

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 53. Ascending  bers o  the spinothalamic tract travel in 
which o  the  ollowing areas o  the spinal cord?

 (A) central canal
 (B) ventral column
 (C) lateral column
 (D) dorsal column
 (E) dorsal gray column

Sensory in ormation  or pain and temperature enters  
the spinal cord via the dorsal horn, crosses over to the 
opposite side o  the spinal and cord, and ascends within 
the spinothalamic tracts in the ventral (anterior) 
column.
 A cross-section o  the spinal cord shows an “H” o  
gray matter surrounded by white matter. T e “H” 
o  gray matter is divided into an anterior horn (or ante-
rior gray column, or ventral column), a dorsal horn (or 
dorsal gray column or posterior column) and an inter-
mediolateral horn (or intermediolateral gray column), 
which separates the anterior and dorsal horns. T e sur-
rounding white matter o  the spinal cord is divided into 
dorsal (posterior) columns, ventral (anterior columns), 
and lateral columns. T e central canal is  lled with 
cerebrospinal  uid and runs through the middle o  the 
spinal cord. T e spinal cord is divided into two sym-
metric halves with the midline anterior (ventral) medial 
 ssure and posterior (dorsal) median  ssure serving as 
the dividing point.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 54. Descending  bers o  the corticospinal tract travel mainly 
in which o  the  ollowing areas o  the spinal cord? 

 (A) central canal
 (B) ventral column
 (C) lateral column
 (D) dorsal column
 (E) dorsal gray column

T e descending  bers o  the corticospinal tract decus-
sate at the medullary pyramids and continue down 
through the spinal cord via the lateral corticospinal tract 
in the lateral column. Some o  the  bers do not cross 
over and continue down the spinal cord via the anterior 
corticospinal tract in the anterior (ventral) column.
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 A cross section o  the spinal cord shows an “H” o  
gray matter surrounded by white matter. T e “H” 
o  gray matter is divided into an anterior horn (or 
anterior gray column, or ventral column), a dorsal 
horn (or dorsal gray column or posterior column) and 
an intermediolateral horn (or intermediolateral gray 
column), which separates the anterior and dorsal 
horns. T e surrounding white matter o  the spinal 
cord is divided into dorsal (posterior) columns, ventral 
(anterior columns), and lateral columns. T e central 
canal is  lled with cerebrospinal  uid and runs through 
the middle o  the spinal cord. T e spinal cord is divided 
into two symmetric halves with the midline anterior 
(ventral) medial  ssure and posterior (dorsal) median 
 ssure serving as the dividing point.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New 
York, NY: McGraw Hill; 2013.

 55. A patient is undergoing a complex scoliosis repair. 
Which o  the  ollowing monitors may potentially indi-
cate ventral (anterior) spinal cord ischemia?

 (A) SSEP
 (B) MEP
 (C) BAEP
 (D) EEG
 (E) VEP

Motor evoked potentials (MEPs) deliver a stimulus to 
the motor cortex and elicit evoked potentials at the 
muscle. T is provides insight into the integrity o  the 
ventral (anterior) spinal cord.
 Somatosensory evoked potentials (SSEPs) deliver a 
stimulus to sensory peripheral nerves and elicit evoked 
potentials at the scalp (sensory cortex). T is provides 
insight into the integrity o  the dorsal (posterior) spi-
nal cord.
 Brain stem auditory evoked potentials (BAEPs) 
deliver an auditory stimulus and elicit evoked poten-
tials at the cerebral cortex. T is provides insight into 
the integrity o  the auditory pathway including brain 
stem.

 Electroencephalography (EEG) records electric 
potential di erences in the cerebral cortex. A multi-
channel EEG may be used to detect cerebral 
ischemia.
 Visual evoked potentials (VEPs) deliver a visual 
stimulus and elicit evoked potentials at the visual cor-
tex. T is provides insight into the integrity o  the visual 
pathway including optic nerve and visual cortex.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 56. Which o  the  ollowing correctly identi es the num-
ber o  subunits in a nicotinic acetylcholine-gated ion 
channel? 

 (A) 2
 (B) 3
 (C) 4
 (D) 5
 (E) 7

Nicotinic cholinergic receptors are  ound in the neuro-
muscular junction o  skeletal muscle as well as auto-
nomic ganglia, and are similar in structure to both 
GABAA and glycine receptors. Each nicotinic receptor 
is made up o   ve subunits that  orm a central channel 
through which sodium and potassium  ow when 
opened (although these channels are nonselective, and 
other cations such as calcium can also pass through). 
T e subunits are classi ed as �, β , δ, γ , and ε  and are 
each structurally di erent. Nicotinic receptors that are 
speci c to the neuromuscular junction are comprised 
o  two �, one β , one δ, and either a γ  or a ε  subunit, 
 or a total o   ve (Figure 2-10). T e � subunits con-
tain binding sites  or acetylcholine, which promotes a 
con gurational change that opens the central 
channel.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.
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 57. T e mature type o  nicotinic receptor is characterized 
by which ONE o  the  ollowing? 

 (A)  hey are densely concentrated in the  olds o  
the synaptic cle ts.

 (B)  hey are expressed at extrajunctional sites in 
response to burn injury.

 (C)  hey contain a γ  subunit in place o  an ε  subunit.
 (D)  hey have a relatively long open time compared 

with immature nicotinic receptors.
 (E)  hey are upregulated in myasthenia gravis.

During embryonic development, muscle cells produce 
immature ( etal) nicotinic receptors that are distributed 
evenly throughout the cell membrane. T ese receptors 
di er structurally  rom the adult type in that they con-
tain a γ  subunit (along with the usual two � subunits 
and one β  subunit) rather than an ε  subunit. As the 
muscle becomes innervated in late  etal development 
and early in ancy, the cell begins to produce mature 
adult receptors, which are densely concentrated at the 
neuromuscular junction, especially at the crests o  the 
junctional  olds. T e  etal iso orm o  the receptor is 
inhibited by any neuromuscular activity, and there ore 
disappears within several weeks a ter birth.
 Extrajunctional receptors (i.e., located in areas o  
the muscle cell membrane apart  rom the synaptic 
cle t) are normally not present in large numbers but 

are expressed in response to upper or lower motor 
neuron injury, burns or sepsis. T e receptor that is 
upregulated in these cases is the immature iso orm, 
and is associated with a long open time compared 
with mature iso orm by a  actor o  2- to 10- old. 
T ese  actors together represent a danger when succi-
nylcholine is used in these patients, as overwhelming 
leakage o  intracellular potassium can result in lethal 
hyperkalemia  rom activation o  the upregulated, dys-
 unctional receptors.
 Myasthenia gravis is caused by circulating antibod-
ies to the muscular nicotinic cholinergic receptors. 
T is results in sparse, shallow and abnormally wide or 
absent synaptic cle ts in the motor end plate, and a 
decreased response to acetylcholine.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 58. Which o  the  ollowing statements regarding the resting 
potential o  neurons is  RUE? 

 (A) A high external concentration o  K+  ions  
maintains a resting potential o  - 90 mV.

 (B) A high internal concentration o  K+  ions  
maintains a resting potential o  - 70 mV.

Na+

K+

ACh

No ACh bound:
Channe l closed

Two ACh molecules  bound:
Channe l open

FIG. 2-10. Three-dimensional model of the nicotinic acetylcholine-gated ion channel. The receptor–
channel complex consists of five subunits, all of which contribute to forming the pore. When two molecules 
of acetylcholine bind to portions of the α -subunits exposed to the membrane surface, the receptor–
channel changes conformation. This opens the pore in the portion of the channel embedded in the lipid 
bilayer, and both K+  and Na+  flow through the open channel down their electrochemical gradient. 
(Reproduced with permission from Barrett KE, Boitano S, Barman SM, Brooks HL. Ganong’s Review of 
Medical Physiology. 24th ed. New York, NY: McGraw Hill; 2012.)
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 (C) A high external concentration o  Ca2
+  ions 

maintains a resting potential o  - 90 mV.
 (D) A high internal concentration o  K+  ions  

maintains a resting potential o  - 55 mV.
 (E) A high internal concentration o  Na+  ions  

maintains a resting potential o  - 90 mV.

Excitable tissue such as neurons maintain an electro-
chemical di erential across their membrane by the 
establishment o  ion gradients. In neurons, the Na+ /
K+ -A Pase pump uses A P to move three sodium ions 
outside the cell and two potassium ions inside, both 
against their concentration gradients. T e result is that 
the extracellular sodium concentration (140 mmol/L) 
is much higher than intracellular (10 mmol/L); the 
reverse is true  or potassium (140 mmol/L vs. 
4 mmol/L). T e membrane has ion-selective channels 
that allow  or the passive di usion o  K+  ions out and 
Na+  ions in along their respective concentration gradi-
ents. I  le t unchecked, this would return the electro-
chemical gradient to zero. However, this is prevented 
by the Na+ /K+ -A Pase. Since there are substantially 
more K+  channels open at rest, it is the relative di er-
ence in the intra- and extracellular potassium concen-
tration that primarily determines the resting potential. 
T is transmembrane potential is - 70 mV. Note that 
- 90 mV is the resting membrane potential  or cardiac 
muscle, another type o  excitable tissue.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 59. Which o  the  ollowing statements regarding the elec-
trochemistry o  action potentials in neurons is  RUE? 

 (A)  he threshold potential is - 90 mV.
 (B) Potassium e  lux is the initiating event in the 

action potential.
 (C) Voltage-gated potassium channels are slower 

to open than sodium channels.
 (D) Hyperpolarization (or “undershoot”) is the result 

o  sodium channels remaining in an open state.
 (E) Hyperkalemia decreases the excitability o  neurons.

At rest, voltage-gated sodium and potassium channels 
are both closed. In response to depolarizing stimulus 

(i.e., stimulation o  a sensory receptor in the skin), a 
series o  ion channel events occur that change the elec-
trical potential across the neuron cell membrane 
(Figure 2-11). First, sodium channels open in the 
membrane, allowing sodium to enter the cell and mak-
ing the interior less negative. I  the stimulus is brie  or 
o  insu cient intensity, a critical threshold potential 
(- 55 mV) is not reached, and an action potential does 
not occur. However, i  the threshold potential is 
reached, this triggers a signi cantly increased rate o  
sodium channel opening, resulting in depolarization. 
T e transmembrane potential becomes brie y positive 
(+ 30 mV), a phenomenon known as overshoot, be ore 
starting to  all again. T e downstroke in the action 
potential curve is the result o  depolarization-induced 
inactivation (closure) o  sodium channels but more 
importantly the opening o  potassium channels that 
allow ef ux o  K+  ions and the return o  the potential 
down to its resting state. Sodium channels are open  or 
only 0.7 ms, but potassium channels are both slower to 
open and are open  or a longer duration. T is 
contributes to “undershoot,” where the potential is 
more negative brie y due to a relative increase in the 
concentration o  intracellular K+  ions be ore the Na+ /
K+ -A Pase can return the gradient to its resting 
potential.
 Hyperkalemia increases the resting potential (typi-
cally by about 10–15 mV) so that less o  a stimulus is 
required to reach the threshold potential—this makes 
the nerve hyperexcitable. T is is true  or other excit-
able tissue such as cardiac muscle. T e reason that cal-
cium is administered as part o  the treatment  or 
hyperkalemia is that it raises the threshold current o  
myocardial muscle by approximately the same amount 
that the potassium excess raises the resting potential. 
T is re-establishes the di erence between the two 
potentials, decreasing the excitability o  cardiac mus-
cle, buying some time  or you to get rid o  the potas-
sium by other means. Now you have a better answer to 
why we give calcium in this scenario than just to say, 
“calcium stabilizes the membrane.”

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.
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 60. Which o  the  ollowing is  RUE regarding the  
re ractory period o  action potentials? 

 (A) During the absolute re ractory period, only  
electrical stimuli can produce another action 
potential.

 (B) It is impossible to produce another action  
potential during the relative re ractory period in 
humans.

 (C)  he relative re ractory period is twice as long as 
the absolute re ractory period.

 (D) Voltage-gated potassium channels are open  
during both re ractory periods.

 (E)  he absolute re ractory period  ollows the  
relative re ractory period.

T e re ractory period re ers to that portion o  the action 
potential where neuronal excitability is decreased, and 

action potentials are more di cult to generate. Upon 
depolarization, the nerve tissue enters an “absolute 
re ractory” period, where no stimulus, regardless o  the 
intensity, is possible o  generating a subsequent action 
potential (see Figure 2-11  rom previous question). 
During this time, sodium channels are in their inactive 
state (note: this is di erent than their closed, resting 
state). As long as the majority o  sodium channels are 
inactivated, the neuronal membrane will remain in the 
absolute re ractory period. During repolarization, potas-
sium channels gradually close, returning the hyperpolar-
ized membrane potential to - 70 mV. At the same time, 
sodium channels gradually return to their closed 
position ( rom the inactive state), making the mem-
brane more permeable to sodium and increasing the 
excitability o  the cell. T is period is known as the rela-
tive re ractory period—while generation o  an action 
potential is possible during this time, it requires a larger 
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FIG. 2-11. Changes in membrane potential and relative membrane permeability to Na+  and K+  during an action 
potential. These changes in threshold for activation (excitability) are correlated with the phases of the action potential. 
(Adapted with permission from Silverman, Human Physiology: An Integrated Approach, 5th edition, Pearson 2010.)
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than normal stimulus to provoke depolarization. Each 
re ractory period is roughly 2 ms in duration.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 61. Which o  the  ollowing BES  describes orthodromic 
conduction?

 (A) conduction in both directions along an axon.
 (B) conduction along only myelinated axons.
 (C) conduction  rom the cell body o  a nerve to its 

axonal terminals.
 (D) conduction along the axon towards the cell body.
 (E) conduction o  impulses along only unmyelinated 

axons.

Conduction o  action potentials occur due to the 
propagation o  depolarized membrane currents. At 
rest, neurons are positive on the outside and negative 
on the inside. A depolarizing stimulus in the middle o  
an axon will cause a brie  reversal o  that polarity at 
that point. T e regions o  the nerve membrane imme-
diately adjacent to the depolarized area will undergo a 
shi t in the ion concentrations on both sides o  the 
membrane in order to neutralize the electrical gradi-
ent. In other words, positively charged ions will  ow 
toward the depolarized area, while remaining on the 
outside o  the cell, so that the depolarized area becomes 

less negative on the outside (Figure 2-12). A similar 
event occurs on the inside o  the cell. T e net result is 
that the adjacent areas now become less negative them-
selves; i  they become su ciently negative, depolariza-
tion occurs here as well. In this manner, depolarization 
“travels” down the length o  the axon.
 Normally, impulses do not originate in the middle o  
axons, but rather at the dendrites o  the cell, where syn-
apses occur with upstream neurons. T ere ore the action 
potentials will usually only travel in one direction, 
towards the terminals. T is is re erred to as orthodromic 
conduction. Conduction in the opposite direction is 
termed antidromic. Since synapses only occur in one 
direction, antidromic conduction is unable to synapse 
 rom one nerve to another, and dies out at that point.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 62. Which o  the  ollowing regarding saltatory conduction 
o  action potentials is  RUE? 

 (A) Saltatory conduction requires more energy than 
continuous conduction.

 (B) Saltatory conduction is twice as  aster than con-
tinuous conduction.

 (C)  he distance between nodes o  Ranvier is up to 
4 mm.

 (D)  he concentration o  voltage-gated sodium 
channels at a Node o  Ranvier exceed that o  
unmyelinated axon by a  actor o  up to 100 
times.

 (E) Saltatory conduction is so-named because o  the 
sodium (e.g., salt ~ saltatory) channels that  acil-
itates its propagation.

Saltatory conduction is a property o  neuronal transmis-
sion along myelinated nerves only. Myelin is rich in lipid 
and is an e ective electrical insulator. However, the 
myelin is not continuous along the axon, but is inter-
mittent, with small gaps o  unmyelinated axon present 
in between. T ese are the so-called Nodes o  Ranvier 
(Figure 2-13). Rather than propagate the transmission 
continuously along the axon, as is the case in unmyelin-
ated neurons, the current sink is  orced to “jump” to the 
next node in order to continue traveling down the nerve 
axon. “Saltatory” comes  rom the Latin saltere (to jump). 
T is jumping action dramatically increases the speed o  
conduction. Myelinated nerves conduct impulses at 
rates o  60 to 100 m/sec, compared to the 1 m/sec 
observed in small, unmyelinated C  bers.

Myelin

Axon

ECF _  +

_  +

Direction of propaga tion

Active
node

Inactive
node

+

+

_

_

+  +  +  +  –  –  +  +  +
–––++––––

+  +  +  +  –  –  +  +  +
–––++––––

Axon

ECF

FIG. 2-12. Local current flow (movement of positive charges) 
around an impulse in an axon. Top: Unmyelinated axon. Bottom: 
Myelinated axon. Positive charges from the membrane ahead of 
and behind the action potential flow into the area of negativity 
represented by the action potential (“current sink”). In myelinated 
axons, depolarization appears to “jump” from one node of Ranvier 
to the next (saltatory conduction). (Reproduced with permission 
from Barrett KE, Boitano S, Barman SM, Brooks HL. Ganong’s Review 
of Medical Physiology. 24th ed. New York, NY: McGraw Hill; 2012.)
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 Nodes are very small in length (approximately 1–2 
micrometers). T e distance between nodes (termed the 
“internodal distance”) is much greater than the nodes 
themselves, and can be up to 1.5 mm in some nerves. 
T e concentration o  sodium channels is very high at 
the nodes, in the range o  2000 to 12,000 per square 
micrometer; in contrast, unmyelinated axons have a 
concentration o  approximately 100 sodium channels 
per square micrometer. T is is the means by which a 
su ciently large depolarizing current can be  ormed in 
order to “jump” to the next node. Despite this high 
concentration, saltatory conduction is more e cient 
than continuous conduction, since less overall sodium 
and potassium ions are pumped in and out o  the 
neuron.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 63. Which o  the  ollowing is a neurotransmitter that takes 
part in presynaptic inhibition? 

 (A) gamma-aminobutyric acid (GABA)
 (B) glutamate
 (C) norepinephrine
 (D) glycine
 (E) aspartate

Presynaptic inhibition occurs when inhibitory neurons 
terminate on the terminal endings o  excitatory neurons 
(this synapse is there ore axo-axonal, rather than axo-
dendritic or axosomatic). Stimulation o  the presynaptic 
neuron results in increased Cl-  conductance, reducing 
the size o  the action potentials reaching the axon termi-
nal o  the excitatory neuron. As a result, less excitatory 

neurotransmitter is released by the postsynaptic neuron. 
A reduced in ux o  calcium ions into the excitatory neu-
ron also play a role in this inhibition. 
 GABA, the neurotransmitter most implicated in 
this synaptic event, stimulates both GABAA and 
GABAB receptors, which increases permeability to 
Cl-  and K+  ions respectively. Baclo en is a GABA-
agonist and an anti spasticity medication that works 
to inhibit motor neurons in both spinal cord injury 
and multiple sclerosis.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 64. Which o  the  ollowing neurotransmitters binds to 
N-methyl-D-aspartate (NMDA) receptors in the cen-
tral nervous system? 

 (A) acetylcholine
 (B) norepinephrine
 (C) GABA
 (D) glutamate
 (E) substance P

Glutamate is the most prevalent excitatory neurotrans-
mitter in the brain and spinal cord. Roughly 75% o  
excitatory transmission involves glutamate as the trans-
mitter. As you might expect with such a widespread 
molecule, there are a variety o  di erent receptors that 
glutamate acts upon. T ey can be subdivided  unc-
tionally into two groups:
•  he ligand-gated receptors: AMPA, NMDA, and 

kainate receptors. When glutamate binds to these, 
the channel opens and permits the in lux o  Na+  
(AMPA and kainate) or calcium (NMDA), as well as 
the e  lux o  K+ . Interestingly, glycine, an inhibitory 
neurotransmitter, is a required co actor in the activa-
tion o  the NMDA receptor by glutamate.

•  he G protein-coupled receptors:  here are a 
number o  di  erent varieties, all o  which decrease 
intracellular cAMP.

Acetylcholine acts on nicotinic and muscarinic cholin-
ergic receptors. Norepinephrine acts on the adrenergic 
alpha and beta receptors. GABA, the predominant 
inhibitory neurotransmitter in the brain, activates 
GABAA and GABAB receptors. Substance P acts on 
neurokinin receptors.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.
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FIG. 2-13. A. Schematic anatomic and electrophysiologic 
structure of nerve fibers of myelinated and (B) unmyelinated 
nerve fibers. (Reproduced with permission from Hadzic A. 
NYSORA Textbook of Regional Anesthesia and Acute Pain Medicine. 
1st ed. New York, NY: McGraw Hill; 2007.)
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 65. Which o  the  ollowing is a biochemical precursor to 
epinephrine? 

 (A) isoproterenol
 (B) dihydroxy-phenylalanine
 (C) glutamine
 (D) tryptophan
 (E) acetyl-CoA

Catecholamines such as norepinephrine, epinephrine 
and dopamine are synthesized by the body through the 
hydroxylation and decarboxylation o  the amino acid 
tyrosine (Figure 2-14). Most tyrosine present in the 
body is obtained through dietary intake, although 
some can be synthesized  rom phenylalanine. T e rate 
limiting step in the production o  catecholamines is 

the conversion o  tyrosine to dihydroxy-phenylalanine 
(DOPA) by the enzyme tyrosine hydroxylase. T is 
enzyme is inhibited by the presence o  both dopamine 
and norepinephrine, thereby providing a negative 
 eedback loop  or the production o  catecholamines.
 Isoproterenol is a synthetic drug that acts on the 
adrenergic system (as a nonselective beta agonist). 
Other synthetic adrenergic medications include phen-
ylephrine, dobutamine and salbutamol. Glutamine is a 
precursor in the production o  glutamate, just as tryp-
tophan and acetyl-CoA are substrates  or the synthesis 
o  serotonin and acetylcholine, respectively. 

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.
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FIG. 2-14. Biosynthesis of some common small molecule neurotransmitters. A. Glutamate is synthesized in the 
Krebs cycle by the conversion of α -ketoglutarate to the amino acid via the enzyme γ -aminobutyric acid transferase 
(GABA-T) or in nerve terminals by the hydrolysis of glutamine by the enzyme glutaminase. GABA is synthesized by 
the conversion of glutamate by the enzyme glutamic acid decarboxylase (GAD). B. Acetylcholine is synthesized  
in the cytoplasm of a nerve terminal from acetyl-Co-A and choline by the enzyme choline acetyltransferase.  
C. Serotonin is synthesized from the amino acid tryptophan in a two-step process: the enzymatic hydroxylation  
of tryptophan to 5-hydroxytryptophan and the enzymatic decarboxylation of this intermediate to form 
5-hydroxytryptamine (also called serotonin). D. Catecholamines are synthesized from the amino acid tyrosine by a 
multi-step process. Tyrosine is oxidized to dihydroxy-phenylalanine (DOPA) by the enzyme tyrosine hydroxylase in 
the cytoplasm of the neuron; DOPA is then decarboxylated to dopamine. In dopaminergic neurons the process 
stops there. In noradrenergic neurons, the dopamine is transported into synaptic vesicles where it is converted to 
norepinephrine by dopamine-β -hydroxylase. In neurons that also contain the enzyme phenylethanolamine-N-
methyltransferase, norepinephrine is converted to epinephrine. (Reprinted with permission from Barrett KE, Boitano 
S, Barman SM, Brooks HL. Ganong’s Review of Medical Physiology. 24th ed. New York, NY: McGraw Hill; 2012.)
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 66. Which o  the  ollowing sequences correctly identi-
 ies the steps in muscle  iber excitation-contraction 
coupling?

 (A) motor neuron discharge � binding o  acetylcho-
line to nicotinic receptors � increased Na+  and 
K+  conductance in motor end-plate membrane 
� generation o  action potential in muscle  ibers 
� binding o  calcium to troponin C �  orma-
tion o  cross-linkages between actin and myosin.

 (B) inward spread o  depolarization along   tubules 
� binding o  acetylcholine to nicotinic recep-
tors � release o  Ca2+   rom sarcoplasmic reticu-
lum � generation o  action potential in muscle 
 ibers � binding o  calcium to troponin C � 
 ormation o  cross-linkages between actin and 
myosin. 

 (C) motor neuron discharge � inward spread o  
depolarization along   tubules � increased 
Na+  and K+  conductance in end-plate mem-
brane � generation o  action potential in  
muscle  ibers � binding o  calcium to troponin 
C �  ormation o  cross-linkages between actin 
and myosin.

 (D) motor neuron discharge � binding o  acetyl-
choline to nicotinic receptors � increased Na+  

and K+  conductance in end-plate membrane 
� generation o  action potential in muscle 
 ibers � release o  Ca2+   rom troponin �  or-
mation o  cross-linkages between actin and 
myosin. 

 (E) generation o  action potential in muscle  ibers � 
generation o  end-plate potential � increased Na+  

and K+  conductance in end-plate membrane � 
generation o  action potential in muscle  ibers � 
binding o  calcium to troponin C �  ormation o  
cross-linkages between actin and myosin.

Excitation-contraction coupling is the term  or muscle 
 ber depolarization and subsequent contraction. T e 
correct order o  events is:
• Motor neuron discharge.
• Release of acetylcholine at motor-end plate
• Binding of acetylcholine to nicotinic receptors
• Increased Na and K conductance in end-plate  

membrane
• Generation of end-plate potential
• Generation of action potential in muscle fibers
• Inward spread of depolarization along T tubules

• Release of Ca2+   rom sarcoplasmic reticulum
• Binding of Ca to troponin C; myosin binding sites 

uncovered
• Formation of cross-linkages between actin and myosin

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 67. T e molecular mechanism o  muscle contraction 
involves “thin  laments” sliding over “thick  laments.” 
Known as the sliding  lament theory, the “thin  la-
ment” re ers to:

 (A) actin
 (B) myosin
 (C) tropomyosin
 (D) troponin C
 (E) sarcoplasmic reticulum

T e “thin  lament” o  the sliding  lament theory is 
actin. Muscle contraction occurs when thin  laments 
(actin) slide over thick  laments (myosin):
• Depolarization of the muscle cell causes release of 

calcium  rom the sarcoplasmic reticulum.
• Calcium binds to troponin C which alters the con-

 iguration o  troponin I, actin, and tropomyosin.
• This change exposes an actin binding site for  

myosin.
• Myosin heads and actin form cross-bridges and ADP 

is released.
• Myosin heads move the actin filaments with a 

“power stroke”.
• Binding of ATP to the myosin head results in detach-

ment  rom actin.
• Intracellular calcium and ATP levels influence how 

many cycles are completed. 

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 68. Which o  the  ollowing statements regarding nocicep-
tion is  RUE? 

 (A) Most nociceptors are either Meissner corpuscles 
or Pacinian corpuscles.

 (B) Nociceptive a  erent  ibers are comprised pri-
marily o  Aβ  and C- ibers.

 (C) Polymodal nociceptors can respond to both 
pressure and extremes o  temperature.
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 (D) C  ibers conduct at a rate o  12 to 35 m/s.
 (E) Eating a Carolina Reaper pepper will activate 

 RPM8 receptors.

T e sensation o  pain begins with the conversion o  the 
pain ul stimulus into an action potential. Nociceptors 
are nerve cell endings that transduce noxious mechani-
cal, chemical and thermal stimuli into electrical action 
potentials that are then conducted centrally along 
a erent neurons to the spinal cord. T e majority o  
nociceptors are relatively unspecialized  ree nerve end-
ings. In contrast, specialized cutaneous mechanorecep-
tors such as Meissner and Pacinian corpuscles respond 
to light touch and vibration, respectively. T e most 
prevalent type o   ree nerve ending is the polymodal 
(mechanothermal) nociceptor–these respond to both 
pressure and extremes o  cold and heat, as well as a 
variety o  chemical stimuli.
 Pain is conducted  rom nociceptors by two types o  
nerve  bers. T inly myelinated Aδ  bers are 2 to 5 µm 
in diameter and conduct quickly, at a rate o  12 to 
35 m/s. Activation o  these  bers is what causes “ rst 
pain,” a rapid response that allows you to discriminate 
precisely where the pain is coming  rom and how 
intense it is. In contrast, unmyelinated C  bers 
(0.4–1.2 µm in diameter) conduct slowly at 0.5 to 
2 m/s and are responsible  or the delayed “second 
pain.” T is is a dull, achy, poorly localized pain. A� 
 bers are motor  bers, whereas Aβ  and Aγ   bers sub-
serve muscle spindles.
 Chili peppers contain the chemical capsaicin, which 
is an irritant that causes a sensation o  burning in any 
tissue that comes into contact with it. Capsaicin binds 
to the transient receptor potential cation channel sub-
 amily V member 1 ( RPV1) receptor, also known as 
the vanilloid receptor 1. Activators o  this receptor 
include temperatures higher than 43°C, acidic condi-
tions, allyl isothiocyanate (the pungent compound in 
wasabi), and o  course, capsaicin.  RPV1 antagonists 
have been investigated as a possible analgesic; while 
some success has been achieved in reducing experi-
mental pain, blockade o   RPV1 also causes hyper-
thermia, which so  ar limits its applicability. T e Caro-
lina Reaper pepper is (since 2013 and at the time o  
writing) the hottest chili pepper in the world, register-
ing a whopping 2.2 million units on the Scoville heat 
scale; by comparison, jalapeño peppers score between 
1000 and 4000 units. 
  RPM8 receptors are activated by cold and by 
menthol in mint.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 69. Substance P acts on which receptor type?

 (A) NMDA
 (B) AMPA
 (C) cholinergic
 (D) serotonergic 
 (E) neurokinin-1

Substance P is a peptide neurotransmitter that is synthe-
sized and released by 1st order neurons both at the periph-
eral site o  tissue damage and in the dorsal horn o  the 
spinal cord. Substance P is also  ound in various other 
locations in the central nervous system as well as the gut. 
Activation o  substance P neurons by a noxious stimulus 
in the periphery results in generation o  impulses down 
collaterals that end at blood vessels, mast cells, and sweat 
glands in the skin. T is causes vasodilation, histamine 
release and sweating. It also sensitizes nearby neurons to 
be activated at a lower threshold, releases serotonin  rom 
platelets, and acts as a chemoattractant  or white blood 
cells. Substance P acts on the neurokinin-1 (NK1) recep-
tor. NK1 receptors are highly concentrated in the sub-
stantia gelatinosa o  the dorsal horn o  the spinal cord, 
where primary nociceptive a erent  bers terminate. 

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 70. Which o  the  ollowing statements regarding wide 
dynamic range neurons is  RUE? 

 (A)  hey serve only noxious stimuli.
 (B)  hey are primarily responsible  or the windup 

phenomenon.
 (C)  hey are a third-order neuron.
 (D)  hey are most abundant in lamina II.
 (E)  hey are e  erent neurons.

Second order neurons are the next step a ter pain stimuli 
have been transduced and transmitted via  rst order 
nociceptive neurons to the spinal cord. T ese have cell 
bodies in the gray matter o  the dorsal horn and  or the 
most part project upwards on the contralateral side o  
the cord as the spinothalamic tract. T ere are two types 
o  second order neurons. Nociceptive speci c neurons 
serve only noxious stimuli, are arranged in lamina I, and 
have a discrete receptive  eld. T ey are usually quiescent, 
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and only  re in response to a high-threshold noxious 
stimulus. In contrast, wide dynamic range (WDR) neu-
rons receive both noxious input via Aδ and C  bers as well 
as non-noxious input via Aβ   bers that usually code  or 
somatic mechanoreception. When a pain ul stimulus hap-
pens, the incoming nociceptive barrage  rom the C- bers 
causes the WDR neuron to steadily increase its  ring rate, 
until it becomes hyperexcited. At this stage, normally non-
noxious stimuli (e.g., stroking the skin) that occurs in the 
same receptive  eld is perceived as pain ul. T is phenom-
enon o  central sensitization is also known as “windup.” 
 WDR neurons are the most prevalent cell type in 
the dorsal horn and are most abundant in lamina V.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 71. Which o  the  ollowing regarding the substantia gelati-
nosa is  RUE?

 (A) It is the most ventral o  all the Rexed laminae.
 (B) It is also known as lamina V.
 (C) It receives primarily Aδ a  erents  rom the 

periphery.
 (D) It is the site o  opioid induced modulation o  

pain transmission.
 (E) It contains cell bodies o  the preganglionic  

sympathetic neurons.

Spinal cord gray matter has been  unctionally divided 
into 10 di erent laminae by Rexed, with laminae I as 
the most dorsal (Figure 2-15). T e  rst six laminae 
 orm the dorsal horn and receive almost all o  the a er-
ent input. Nociceptive C  bers terminate or send col-
laterals to second-order neurons in laminae I and II, as 
well a some to lamina V. Aδ  bers terminate primarily 
in laminae I and V. Lamina VII is the intermediolateral 
column and contains the cell bodies o  preganglionic 
sympathetic neurons.
 Laminae II, also known as the substantia gelatinosa, 
is chock  ull o  interneurons and plays a large role in 
the spinal modulation o  the primary a erent impulses. 
T e substantia gelatinosa doesn’t so much send  bres 
up the spinothalamic or spinoreticular tracts to the 
brain, but principally connect with other laminae 
within the gray matter o  the cord, including the con-
tralateral lamina II. It is also a target  or descending 
inhibitory  bers. T e substantia gelatinosa contains a 
high concentration o  mu- and kappa-type opioids 
receptors, which respond to endogenous or exogenous 
opioids and are believed to help in the modulation o  
pain perception.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.
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FIG. 2-15. A. Spinal cord in transverse section illustrating the course of the afferent fibers and the major ascending pathways. Fast 
conducting pain fibers are not confined to the spinothalamic tract but are scattered diffusely in the anterolateral funiculus. (Reprinted 
with permission from Ropper AH, Samuels MA, Klein JP: Adams and Victor’s Principles of Neurology, 10th Ed. New York, NY: McGraw Hill; 
2014. After Martin JH: Neuroanatomy: Text and Atlas. New York, McGraw-Hill, 2003.) B. Transverse secton through a cervical segment of 
the spinal cord illustrating the subdivision of the gray matter into laminae according to Rexed and the entry and termination of the main 
sensory fibers. (Reprinted with permission from Ropper AH, Samuels MA, Klein JP. Adams and Victor’s Principles of Neurology, 10th ed. New 
York, NY: McGraw Hill; 2014. After Fields HL: Pain. New York, McGraw-Hill, 1987.)
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 77. Which o  the  ollowing statements regarding the in u-
ence o  gender on pain perception is  RUE?

 (A) Men are more likely to be diagnosed with tem-
poromandibular disorders and migraine headaches.

 (B) Women report overall increased pain severity 
than men.

 (C) Estrogen  unctions to decrease analgesic  
requirements.

 (D) Red hair and  air skin in women are a marker  or 
increased sensitivity to pain.

 (E) Sociocultural elements likely play a role in 
any perceived di  erences.

Population-based research consistently demonstrates 
that women are at substantially higher risk  or pain 
than men. T e population prevalence  or several com-
mon pain conditions is increased  or women than  or 
men, including  bromyalgia, migraine and tension-
type headache, irritable bowel syndrome, temporo-
mandibular disorders, and interstitial cystitis. How-
ever, studies looking at gender di erences in reported 
pain severity have shown mixed results.
 In attempting to explain these di erences in pain 
perception between women and men, many researchers 
have turned to sex hormones as a mechanism. However, 
associations between pain or analgesic requirements and 
plasma levels o  estrogen have been all over the board, 
with some studies showing that estrogen decreased the 
response to pain, while others drew the opposite conclu-
sion. T ere does appear to be some di erence in gender-
related response to some opioids in redheaded  emales. 
T e melanocortin-1 receptor (MC1R) codes  or mela-
nin, the brown pigment in skin and hair. Women carry-
ing two non- unctional alleles  or the gene demonstrated 
a greater analgesic response to the kappa-opioid agonist 
pentazocine (they got better analgesia  rom the same 
dose) compared to men with two non unctional alleles. 
In other words, lack o  the  unctioning MC1R gene 
makes you tougher. Interestingly, about 75% o  
individuals with red hair and  air skin carry two or more 
inactive variants o  MC1R. T e same may not be true 
with anesthesia requirements, where redheads have been 
shown to require more anesthesia.
 Sociocultural belie s are thought to play a role in 
pain responses. For example, in many cultures it is 
macho to not complain about pain, whereas it is much 
more acceptable  or women to express their pain.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 78. In the autonomic nervous system (ANS), all pregangli-
onic neurons release which o  the  ollowing neurotrans-
mitters?

 (A) acetylcholine
 (B) norepinephrine 
 (C) adenosine triphosphate (A P)
 (D) substance P
 (E) neuropeptide Y (NPY) 

All preganglionic neurons in the ANS release acetyl-
choline. Acetylcholine is also released by all parasym-
pathetic postganglionic neurons and certain sympa-
thetic postganglionic neurons that innervate sweat 
glands and those that cause vasodilation in skeletal 
muscle. Other sympathetic postganglionic neurons 
release norepinephrine. A P, substance P, and NPY are 
nonadrenergic, noncholinergic transmitters released 
by postganglionic sympathetic neurons.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 79. Classically, which o  the  ollowing adrenergic receptors 
is considered an “autoreceptor,” thereby playing a role 
in ANS negative  eedback?

 (A) α 1

 (B) α 2

 (C) β 1

 (D) β 2

 (E) β 3

Sympathetic adrenergic receptors are examples o  G 
protein-coupled receptors. Postganglionic sympathetic 
 bers act on several di erent adrenergic receptors: α 1 
e ects include venoconstriction, arteriolar constric-
tion, contraction o  intestinal and bladder sphincters, 
mydriasis (dilatation o  pupil), and uterine contrac-
tion. Mediates e ects via Gq protein stimulation, 
activation o  phospholipase C, and increased levels o  
inositol triphosphate (IP3) and calcium.
 α 2 classically viewed as an autoreceptor on presynap-
tic nerve terminals, α 2 activation acts to inhibit 
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norepinephrine release. CNS e ects include sedation 
and analgesia. Mediates e ects via Gi protein stimula-
tion, which inhibits adenylyl cyclase and decreases 
cAMP levels.
 β 1 e ects include increased heart rate, increased 
myocardial contractility, and increased cardiac output. 
Mediates e ects via Gs protein stimulation, which acti-
vates adenylyl cyclase and increases cAMP levels.
 β 2 e ects include smooth muscle relaxation in bron-
chi, GI tract, and uterus; dilation o  coronary arteries 
and blood vessels in skeletal muscle; also increases heart 
rate and myocardial contractility (to a lesser extent than 
β 1 activation). Mediates e ects via Gs protein stimula-
tion, which activates adenylyl cyclase and increases 
cAMP levels.
 β 3 e ects include increased lipolysis in adipose tis-
sue and bladder relaxation. Mediates e ects via Gs pro-
tein stimulation, which activates adenylyl cyclase and 
increases cAMP levels.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 80. At postganglionic sympathetic nerve endings the termi-
nation o  action o  norepinephrine is due mainly to:

 (A) metabolism by monoamine oxidase (MOA).
 (B) metabolism by catechol-O-methyltrans erase 

(COM ). 
 (C) metabolism by DOPA decarboxylase.
 (D) reuptake by uptake-1 mechanism.
 (E) reuptake by uptake-2 mechanism.

T e termination o  action o  norepinephrine at post-
ganglionic sympathetic nerve endings is due mainly to 
reuptake by uptake-1 mechanism. Uptake-2 mecha-
nism re ers to non-neuronal tissue. Norepinephrine is 
also metabolized by MAO and COM .
 DOPA decarboxylase is an enzyme involved in the 
 ormation o  dopamine. 

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 81. At a noradrenergic synapse, which o  the  ollowing 
enzymes is the rate-limiting step in the production o  
norepinephrine?

 (A) phenylalanine hydroxylase
 (B) tyrosine hydroxylase
 (C) L-DOPA decarboxylase

 (D) dopamine-β -hydroxylase
 (E) phenylethanolamine-N-methyltrans erase

 yrosine hydroxylase is the rate-limiting steps in the 
production o  norepinephrine at noradrenergic syn-
apses. Both norepinephrine and dopamine act to 
inhibit tyrosine hydroxylase activity via negative  eed-
back mechanisms.
 Norepinephrine synthesis requires several steps:
• In the liver, dietary phenylalanine can be converted into 

tyrosine by the enzyme phenylalanine hydroxylase.
• Dietary tyrosine and tyrosine derived from phenyl-

alanine metabolism is taken up into the cytoplasm 
o  the noradrenergic nerve terminal.

• Tyrosine is converted into DOPA by tyrosine 
hydroxylase.

• DOPA is converted into dopamine by L-DOPA 
decarboxylase.

• Dopamine is transported into vesicles and subse-
quently converted into norepinephrine by dopamine- 
β -hydroxylase.

 Note, the enzyme phenylethanolamine-N-methyl-
trans erase is required to convert norepinephrine into 
epinephrine. T is enzyme is  ound mainly in the adre-
nal medulla (and to a lesser extend in the CNS). It is 
not required  or norepinephrine synthesis.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 82. Botulinum toxin (“Botox”) has a number o  medical 
indications and side e ects related to muscle weak-
ness. How does botulinum toxin a ect cholinergic 
transmission?

 (A) blocks the transport o  choline  rom the extra-
cellular space into the nerve terminal. 

 (B) blocks the synthesis o  acetylcholine in the nerve 
terminal.

 (C) blocks transport o  acetylcholine into vesicles at 
the nerve terminal.

 (D) blocks the in lux o  Ca2+  into the nerve terminal.
 (E) blocks exocytosis o  acetylcholine into the  

synaptic cle t. 

Botulinum toxin blocks exocytosis o  acetylcholine 
into the synaptic cle t (Note: there are a variety o  di -
 erent botulinum toxins and each blocks a di erent 
aspect o  the exocytosis process.)
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 Cholinergic transmission in autonomic ganglia, 
postganglionic parasympathetic nerve  bers, and at 
the neuromuscular junction relies on acetylcholine. 
Acetylcholine synthesis occurs in the nerve terminal. 
Synthesis and release o  acetylcholine involves the  ol-
lowing steps:
• Choline is transported into the nerve terminal via a 

choline transporter.
• Choline acetyltransferase catalyzes the reaction of 

choline and acetyl-CoA to  orm acetylcholine.
• Acetylcholine is then packaged into vesicles via a 

vesicle-associated transporter.
• Nerve impulses open voltage-sensitive Ca2+  channels 

leading to Ca2+  in lux into the nerve terminal.
• Exocytosis occurs as vesicles fuse with the surface 

membrane and release acetylcholine.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 83. Which o  the  ollowing autonomic nervous system neu-
rons principally release norepinephrine?

 (A) preganglionic neurons
 (B) parasympathetic postganglionic neurons
 (C) sympathetic postganglionic neurons innervating 

sweat glands
 (D) sympathetic postganglionic neurons innervating 

skeletal muscle blood vessels
 (E) sympathetic postganglionic neurons innervat-

ing systemic veins

T e principal neurotransmitters o  the autonomic ner-
vous system (ANS) are acetylcholine and norepineph-
rine. T e release o  acetylcholine (cholinergic trans-
mission) occurs at:
• All preganglionic neurons,
• All parasympathetic postganglionic neurons,
• Sympathetic postganglionic neurons innervating 

sweat glands, and 
• Sympathetic postganglionic neurons innervating 

skeletal muscle blood vessels.
T e release o  norepinephrine (noradrenergic transmis-
sion) occurs at all remaining sympathetic postganglionic 
neurons including those innervating systemic veins.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 84. Acetylcholine’s actions on parasympathetic postsynap-
tic receptors are terminated mainly by:

 (A) pseudocholinesterase
 (B) butyrylcholinesterase
 (C) acetylcholinesterase
 (D) reuptake o  acetylcholine by autoreceptors on 

the presynaptic membrane
 (E) downregulation o  muscarinic receptors on the 

postsynaptic membrane

Acetylcholine’s actions on parasympathetic postsynap-
tic receptors are terminated mainly by acetylcholines-
terase. Acetylcholinesterase,  ound at the neuromuscu-
lar junction and the synaptic cle t o  other sites o  
cholinergic transmission, catalyzes the enzymatic 
breakdown o  acetylcholine into choline and acetate.
 Pseudocholinesterase, or butyrylcholinesterase, is a 
nonspeci c cholinesterase produced in the liver and 
 ound in blood plasma.
 De ciency o  pseudocholinesterase will delay metabo-
lism and prolong the action o  medications including suc-
cinylcholine, mivacurium, and ester local anesthetics.
 Acetylcholine autoreceptors exist on the presynaptic 
membrane. T eir role is somewhat unclear in that stud-
ies have  ound they can either inhibit or augment acetyl-
choline release. T ey do not have a role in the metabo-
lism o  acetylcholine. Examples o  neurotransmitters 
which rely on reuptake to terminate synaptic transmis-
sion include glutamate, norepinephrine, and dopamine.
 Receptor downregulation is a negative  eedback 
mechanism whereby the number o  postsynaptic 
receptors decreases in response to a receptor agonist.  
Receptor downregulation should not be con used with 
receptor desensitization.  Desensitization occurs when 
a receptor becomes unresponsive due to prolonged 
exposure to a neurotransmitter.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 25th ed, Ch 7. New 
York, NY: McGraw Hill; 2012.

 85. At parasympathetic ganglia, acetylcholine acting on 
nicotinic receptors will lead to the activation or in ux 
o  which o  the  ollowing second messengers or ions?

 (A) Na+

 (B) Cl-

 (C) cAMP
 (D) IP3

 (E) DAG
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At parasympathetic ganglia, acetylcholine acting on 
nicotinic receptors will lead to in ux o  Na+ . Nicotinic 
receptors are ligand-gated ion channels and may be 
classi ed as those  ound at either the neuromuscular 
junction (NM) or autonomic ganglia and CNS (NN or 
“neuronal”). T e nicotinic receptor requires two acetyl-
choline molecules to bind to two α -subunits. T is acti-
vation results in pore opening and in ux o  Na+  and 
K+  down their electrochemical gradients (NN receptors 
are also highly permeable to Ca2+ ).
 Acetylcholine may also act on a variety o  musca-
rinic receptors (M1-M5). M1, M3, M5 receptor activa-
tion increases levels o  IP3 and DAG and Ca2+  con-
ductance. M2 and M4 receptor activation decreases 
levels o  cAMP and increases K+  conductance. In gen-
eral, M1 receptors are located in the CNS and auto-
nomic ganglia, M2 receptors are located in the heart, 
and M3 receptors are located on smooth muscle.
 Increased chloride permeability occurs when GABAA 
receptors are activated. 

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 86. Which o  the  ollowing provides sympathetic nervous 
system innervation to the head and neck?

 (A) cranial nerve III
 (B) cranial nerve X 
 (C) splanchnic nerve
 (D) in erior cervical ganglion
 (E) celiac ganglion

T e three-paired ganglia o  the cervical sympathetic 
chain, which includes the superior, middle, and in e-
rior cervical ganglia, provide sympathetic nervous sys-
tem innervation to the head and neck. Cranial nerves 
III, VII, IX, and X are part o  the parasympathetic ner-
vous system. T e splanchnic nerve provides sympa-
thetic innervation to a variety o  abdominal organs via 
the celiac ganglion.

Re : Waxman SG. Clinical Neuroanatomy. 27th ed. New York, 
NY: McGraw Hill; 2013.

 87. T e autonomic nervous system is in uenced by many 
higher CNS centers. T e rostral ventrolateral medulla 
(RVLM) plays a role in regulation o  peripheral vascu-
lar tone. Descending neurons  rom the RVLM 

modulate preganglionic sympathetic neurons by releas-
ing which one o  the  ollowing neurotransmitters?

 (A) glutamate
 (B) GABA
 (C) acetylcholine
 (D) norepinephrine
 (E) dopamine

Descending neurons  rom the RVLM modulate pregan-
glionic sympathetic neurons via release o  glutamate, an 
excitatory neurotransmitter.
 T e autonomic nervous system is regulated by a 
number o  higher centers including the limbic system, 
hypothalamus, and medulla.
 T e RVLM is in uenced by the peripheral barore-
ceptors, which synapse in the nucleus o  the tractus 
solitarius (N S). Activation o  baroreceptors results in 
transmission o  glutamate. T is activates an inhibitory 
interneuron which in turn decreases descending acti-
vation o  preganglionic sympathetic neurons (and 
causes vasodilation).

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 88. A patient with a spinal cord injury (SCI) su ers  rom 
autonomic dysre exia. Which o   ollowing statements 
best explains why the patient is potentially at risk o  
hypertensive crises?

 (A) SCI interrupts peripheral baroreceptor activation.
 (B) SCI interrupts ascending sensory input to  

sympathetic nerves.
 (C) SCI interrupts descending inhibitory input to 

sympathetic nerves. 
 (D) SCI interrupts descending activation o   

parasympathetic nerves. 
 (E) SCI interrupts ascending sensory input to  

parasympathetic nerves.

Autonomic dysre exia may result in hypertensive cri-
ses due to activation o  the sympathetic nervous system 
below the level o  the spinal cord injury (SCI). SCI 
interrupts descending inhibitory input to thoracolum-
bar sympathetic nerves.
 Autonomic dysre exia o ten occurs in patients 
with SCIs above the  6 level. Sensory stimuli origi-
nating below the level o  the injury, such as bladder o  
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bowel distention, may lead to signi cant sympathetic 
out ow and intense vasoconstriction. Baroreceptors 
are intact and sense the change in blood pressure. 
Descending inhibition o  sympathetic nerves is not 
possible due to the SCI. However, descending para-
sympathetic pathways (via the vagus nerve) are intact 
and lead to re ex bradycardia. In this way, sympa-
thetic nervous system clinical  eatures predominate 
below the level o  the lesion (pallor, pilomotor erec-
tion, and increased spasticity), and parasympathetic 
nervous system clinical  eatures predominate above 
the level o  the lesion ( acial  ushing, nasal conges-
tion, and diaphoresis). 

Re : Hall JB, Schmidt GA, Kress JP. Principles of Critical 
Care. 4th ed. New York, NY: McGraw Hill; 2015.

 89. Which type o  nerve  bers are responsible  or the trans-
mission o  a erent input regarding cold tissue tem-
perature throughout the body? 

 (A) A�  ibers
 (B) Aβ   ibers
 (C) Aδ  ibers
 (D) B  ibers
 (E) C  ibers

A erent input is transmitted to the central nervous 
system  rom a variety o  sources, including the skin, 
spinal cord, brain, and deep abdominal and thoracic 
tissues. Independent o  the anatomical source o  the 
input, temperature transmission occurs via speci c 
sensory neuron  bers  or both cold and heat. Cold sig-
nals travel via Aδ  bers, whereas heat signals are car-
ried by unmyelinated C  bers (Quick memory aid: 
T ink A for arctic and C for Caribbean).
 Both o  these thermoreceptors increase their  ring 
rates when the respective thermal event occurs (e.g., 
Aδ  bers increase  ring rates in response to cold and 
slow down when heated; the reverse is true  or C 
 bers). T e thermoreceptor itsel , which is the  ree end 
o  the sensory neuron, is a nonspecialized ending that 
carries one or more types o   ransient Receptor Poten-
tial ( RP) receptors. T e vanilloid (V) subtype (e.g., 
 RPV1 and  RPV3) respond to heat, while the men-
thol (M) receptor subtypes (e.g.,  RPM8) respond to 
cold. T is latter  act is what gives mints their “cool” 
 eeling in the mouth and airways.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 90. T e primary thermoregulatory control center is located 
in the: 

 (A) spinothalamic tract.
 (B) pons.
 (C) reticular activating system.
 (D) hypothalamus.
 (E) anterior pituitary gland.

T e hypothalamus is a component o  the  orebrain that 
coordinates and regulates many o  the autonomic and 
neuroendocrine activities, such as thermoregulation, 
hunger, thirst, sex drive, sleep/wake cycles, and aggres-
siveness. Input  rom thermoreceptors located in the skin, 
visceral organs and spinal cord is  ed to the anterior 
hypothalamus where it is integrated and processed, and 
i  necessary, a response generated. In addition, there are 
thermoreceptors in the hypothalamus itsel  that contrib-
ute approximately 20% o  the integrative input. Cooling 
or heating, the hypothalamus with thermodes in animals 
drives an appropriate thermoregulatory response in the 
absence o  skin or core temperature change.

Re : Sessler DI. Mild perioperative hypothermia. N Engl J 
Med. 1997; 336:1730-7.

 91. T e “set point” is best described by which o  the  ollow-
ing concepts:

 (A) the temperature o  the input to the hypothala-
mus where the output is zero.

 (B) the point at which sweating begins during  
heating.

 (C) the point at which  urther vasodilation cannot 
occur.

 (D) the point below which shivering begins.
 (E) an exciting moment in a tennis match.

T e set point in a negative  eedback system such as 
the thermoregulation system in mammals re ers to the 
point that is being de ended by the responses (i.e. the 
output). For example, the normal set point  or tem-
perature in the hypothalamus in humans is 36.9°C. 
Deviations in core temperature outside a very narrow 
range (0.2°C) result in thermoregulatory responses 
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including vasoconstriction and shivering  or cold or 
vasodilation and sweating  or warmth. T e  urther the 
deviation  rom the set point, the higher the degree o  
thermoregulatory response—this is the concept o  
“gain.” T e set point is not  xed;  or example, the 
hypothalamus is subject to the in uence o  circulating 
cytokines (e.g., IL-1,  NF, IFN, IL-6) and other pyro-
gens present during in ammation and in ection, 
which leads to hyperthermia or  ever. When the cyto-
kine levels diminish, the set point returns to normal.
 Heat stroke is a  ailure o  the set point mechanism 
that occurs in the setting o  prolonged exposure or 
overexertion in hot environments. Extreme hypovo-
lemia and hypotension brought on by sweating and 
 ailure to replenish  uids leads to a decrease in cuta-
neous blood  ow, which prevents the sweating 
response. T e core temperature subsequently rises to 
the point where the hypothalamic neuronal circuitry 
is thermally disrupted. Core temperature then con-
tinues to rise until irreversible neurologic injury and 
death occurs.

Re : Sessler DI. Mild perioperative hypothermia. N Engl J 
Med. 1997; 336: 1730-7.

 92. Which o  the  ollowing mechanisms o  heat production 
most accurately describes the EARLIES  thermoregu-
latory response to cold? 

 (A) neuroendocrine release o  dopamine
 (B) shunting o  blood away  rom visceral organs
 (C) vasoconstriction
 (D) shivering
 (E) neuroendocrine release o  thyroxine

A normal, healthy, nonanesthetized adult will undergo 
a number o  physiologic responses in response to a 0.1 
to 0.2°C drop in core temperature. T e  rst is the ces-
sation o  any sweating that had been occurring along 
with cutaneous vasoconstriction o  the skin to prevent 
radiant, convective and evaporative heat loss  rom 
occurring. Vasoconstriction is mediated both by the 
release o  norepinephrine and epinephrine, and to a 
larger degree by local sympathetic activation o  alpha-
adrenergic receptors. Vasoconstriction also takes place 
in the arteriovenous shunts in the  ngers, toes, and 
nose, which increases resistance to  ow into the cool 
extremities. I  this does not return the core tempera-
ture back to set point, the skeletal muscles o  the body 
begin shivering, an involuntary activity that can 
increase the metabolic rate up to three times that o  

normal. I  exposed to a cold environment  or a pro-
longed period o  time, the hypothalamus signals the 
thyroid gland to secrete thyroxine, thereby increasing 
the metabolic rate in an attempt to generate heat.
 Shunting o  blood during hypothermia occurs in 
the direction o  the visceral organs in the core com-
partment, not away  rom them.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 93. Which o  the  ollowing is NO  a  actor in the increased 
risk  or hypothermia in neonates?

 (A) a large skin-to-sur ace-area ratio.
 (B) increased thermal conductance o  the skin.
 (C) higher evaporative losses.
 (D) immature thermoregulatory responses.
 (E) non unctional shunts in the  ingers and toes.

T e term neonate has a 2.5 times higher skin-sur ace to 
body mass ratio compared with an adult, meaning that 
radiant and convective losses occur at a substantially 
 aster rate. Neonates (and especially preterm in ants) 
have a relatively thin layer o  subcutaneous  at, making 
it easier to conduct heat to the environment (i.e., less 
“insulation”). Newborns also have less keratin in their 
skin, increasing the tendency to lose water through 
evaporation compared to the tougher, keratinized skin 
o  an adult. Whereas an unclothed adult can maintain 
thermoregulation down to approximately 0°C, in ants 
can only maintain a lower limit o  their thermoregula-
tory responses o  about 20 to 22°C. A ter this point, 
core body temperature begins to drop rapidly. In ants 
do in  act have  unctional shunts in their  ngers and 
toes, and this is not a contributory  actor to their 
increased risk  or hypothermia.
 One mechanism that in ants have to combat 
hypothermia that adults lack is nonshivering thermo-
genesis. T is re ers principally to the generation o  
heat through metabolically active brown  at, although 
it has also been detected in skeletal muscle, liver tis-
sue and white  at. Brown  at comprises about 5% o  a 
newborn’s body weight, and is primarily located in 
the chest, neck, axillae and between the scapulae. It is 
a richly innervated and vascularized tissue that 
responds to beta-adrenergic activation by the uncou-
pling o  oxidative phosphorylation; this results in 
heat production instead o  the usual generation o  
A P. Up to 25% o  cardiac output can be diverted to 
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the brown  at deposits, increasing the temperature o  
the blood. Non-shivering thermogenesis can double 
the production o  heat compared to baseline meta-
bolic activity.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 94. T e synthesis o  acetylcholine is catalyzed in the termi-
nal o  cholinergic nerves by which o  the  ollowing 
enzymes? 

 (A) choline acetyltrans erase
 (B) choline methyltrans erase 
 (C) acetylcholinesterase 
 (D) pseudocholinesterase
 (E) speci ic cholinesterase

Acetylcholine is synthesized in cytoplasm o  the termi-
nal  rom acetyl CoA and choline by the enzyme cho-
line acetyltrans erase. Acetylcholine is then transported 
 rom the cytoplasm into vesicles by a vesicle-associated 
transporter (VA ). T ese are arranged at the distal ter-
minal near the sur ace membrane where they await the 
stimulus to  use and discharge their payload o  
acetylcholine.
 Acetylcholinesterase is also called speci c cholin-
esterase or true cholinesterase and is responsible  or 
the breakdown o  acetylcholine. Pseudocholinester-
ase  (also called plasma cholinesterase or butyrylcho-
linesterase) is  ound in the plasma and hydrolyses a 
number o  choline esters such as succinylcholine, 
mivacurium, heroin and the ester-type local anesthet-
ics such as procaine, chloroprocaine, tetracaine and 
cocaine.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 95. Release o  acetylcholine  rom synaptic vesicles into 
the synaptic cle t is dependent on the in ux o  which 
ion? 

 (A) sodium
 (B) potassium
 (C) calcium
 (D) magnesium
 (E) hydrogen

Action potentials arriving at the terminal o  a choliner-
gic neuron result in the opening o  membrane bound 
calcium ion channels. T e in ux o  calcium causes 
vesicles that are docked at the sur ace membrane to 
 use and release their load o  acetylcholine. T is is a 
complicated process and requires the activation and 
interaction o  a variety o  membrane bound proteins. 
T ese proteins, known as synaptosome-associated pro-
teins (SNAPs) and vesicle-associated membrane pro-
teins (VAMPs) regulate the  usion o  the vesicle mem-
brane with the sur ace membrane. T ere are two types 
o   usion events: T e  rst type is complete absorption 
and incorporation o  the spherical vesicle into the sur-
 ace plasma membrane. T e other type involves the 
discharge o  the vesicular contents through a shared 
membrane pore,  ollowed by the separation o  the ves-
icle inside the terminal to be recycled (the so-called 
“kiss-and-run”). Both  usion events are known to 
occur, but it is unclear why and under which speci c 
circumstances the latter event occurs.
 Fun  act: Latrotoxin, the active ingredient in the 
venom o  black widow spiders, is thought to exert its 
e ects by stimulating a G-protein coupled receptor 
that promotes the presynaptic  usion o  vesicles  rom 
several types o  neurons, most notably cholinergic neu-
rons. While black widow bites are in  act rarely  atal, 
they may cause severe muscle cramping and abdomi-
nal cramping due to the unregulated release o  
acetylcholine.

Re : Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 96. Spontaneous, small-amplitude depolarizing potentials 
at the neuromuscular junction are typically seen: 

 (A) with an upper motor neuron lesion.
 (B) with normal quantal release o  acetylcholine.
 (C) a ter  asciculations when using succinylcholine.
 (D) in Lambert-Eaton syndrome.
 (E) in hypercalcemia.

Normal skeletal muscle produces small, spontaneous 
depolarizing potentials at the neuromuscular junction, 
called miniature end-plate potentials (MEPPs). T ese 
are typically o  very small amplitude (1/100th o  that 
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required to cause muscular contraction), but otherwise 
behave in the same manner as larger amplitude poten-
tials. Interestingly, there appears to be a base unit value 
 or MEPPs, related to a speci c and consistent amount 
o  acetylcholine released. A given MEPP will be equal 
to or a multiple o  this minimum size. MEPPs are 
thought to be produced by the spontaneous release o  
uni ormly sized vesicles. T is has been termed “quantal 
release,” re erring to the discharge o  these packages (or 
quanta) o  acetylcholine. 

Re : Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 97. Which o  the  ollowing statements regarding the neu-
romuscular junction is  RUE? 

 (A) Acetylcholine binds to one speci ic subtype o  
muscarinic cholinergic receptor.

 (B) Cholinergic receptor activation results in the 
in lux o  potassium ions in the muscle cell.

 (C) Calcium e  lux through the acetylcholine recep-
tor channel is necessary  or the generation o  
end-plate potentials.

 (D) Cholinergic receptors in the neuromuscular 
junction have two acetylcholine binding sites.

 (E) Junctional  olds in the motor end plate serve to 
reduce the exposure o  cholinergic receptors to 
acetylcholine.

T e acetylcholine receptor  ound in the neuromuscular 
junction is o  the nicotinic variety. Nicotinic receptors 
that are speci c to the neuromuscular junction are com-
prised o   ve subunits: two α , one β , one δ, and either a 
γ  or a ε  subunit. T e two α  subunits each contain a 
binding site  or acetylcholine, which promotes a con gu-
rational change that opens the central channel. When this 
occurs, calcium and sodium enter the muscle cell, while 
potassium moves outward. T e muscle cell membrane 
directly across  rom the nerve terminal contains many 
junctional  olds, which serve to increase the sur ace area 
and the number o  acetylcholine receptors available. Each 
neuromuscular junction contains approximately 5 mil-
lion receptors, although only 10% o  these need to be 
occupied in order to cause muscle cell contraction.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 98. Prejunctional nicotinic receptors located on motor 
nerve endings are responsible  or: 

 (A) decreasing the uptake o  choline into the cell.
 (B) increasing the release o  acetylcholine via posi-

tive  eedback mechanism.
 (C) modulating the calcium in lux  ollowing  

depolarization.
 (D) decreasing the rate o   usion o  vesicles with the 

plasma membrane. 
 (E) hyperpolarizing the membrane to prevent  urther 

release o  acetylcholine.
Both nicotinic and muscarinic receptors are present on 
prejunctional motor nerve endings. T e role o  the 
nicotinic receptor is to maintain the availability o  ace-
tylcholine when the nerve is repeatedly stimulated, as 
in tetany. T is nicotinic receptor is slightly di erent in 
structure than either the mature or immature post-
junctional  orms, having three α  subunits and two β  
subunits. Nondepolarizing neuromuscular blocking 
agents act on these nicotinic receptors (as well as the 
postjunctional type). Repeated stimulation (e.g., tet-
any) in the presence o  a partial nondepolarizing neu-
romuscular block will produce  ade, since these recep-
tors are involved in the mobilization o  acetylcholine, 
but not its direct release.
  wo types o  muscarinic receptors have been 
described on the prejunctional nerve ending, M1 and 
M2. T ese modulate calcium in ux to either  acilitate 
or inhibit acetylcholine release, respectively. 

Re : Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 99. Which o  the  ollowing statements regarding neuro-
muscular anatomy and  unction is  RUE? 

 (A) Each muscle  iber is typically innervated by 5 to 
10 individual axons.

 (B) Nerve endings on slow-twitch muscles are larger 
and more complicated than those on  ast-twitch 
muscles.

 (C)  he motor unit  or the extraocular muscles con-
tains more muscle  ibers than the motor unit  or 
the quadriceps muscles.

 (D)  he synaptic cle t is approximately 20 to  
50 nm wide.

 (E) Acetylcholinesterase is synthesized in the liver 
and transported to the synaptic cle t.
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T e motor neuron divides as it approaches the muscle, 
to terminate on the sur ace o  a number o  muscle 
 bers. Each  ber (muscle cell) has only one neuromus-
cular junction; however, many  bers may be served by 
a single, branching motor neuron. Stimulation o  that 
neuron will cause all o  the associated muscle  bers to 
contract at once. T e motor neuron and its associated 
muscle  bers are known as the motor unit. Motor 
units  or muscles that require very precise, rapid action 
as well as those that require the ability to stay con-
tracted  or long periods (e.g., extraocular eye muscles) 
have motor units with a low ratio o  muscle  bers per 

neuron (in the range o  3–6). In contrast, large muscles 
involved in posture, and those in the thigh might have 
several hundred per axon.
 T e synaptic cle t is very small, allowing acetylcho-
line to cross the distance rapidly. Acetylcholine is 
hydrolyzed rapidly by acetylcholinesterase, which is 
synthesized by muscle cells and attached to the muscle 
cell by a thin stalk o  collagen. Nerve endings on  ast-
twitch muscles are larger than those associated with 
slow-twitch, although the reason  or this is unclear.

Re : Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 CHAPTER 3

Respiratory Anatomy and Physiology

 1. A patient requires an awake  beroptic intubation. T e 
anesthesia team elects to per orm the procedure via the 
nasotracheal route. In order to anesthetize the nasal 
mucosa, which o  the  ollowing nerves must be blocked? 

 (A) ol actory nerve
 (B)  acial nerve
 (C) trigeminal nerve
 (D) glossopharyngeal nerve
 (E) vagus nerve

 2. In the emergency department, an unconscious trauma 
patient is evaluated be ore trans er to the operating 
room. Suction to the back o  the patient’s throat does 
not elicit a gag re ex. Which o  the  ollowing nerves 
innervates the sensory portion o  this re ex?

 (A) trigeminal nerve
 (B) glossopharyngeal nerve
 (C) vagus nerve
 (D)  acial nerve
 (E) hypoglossal nerve

 3. What is the anatomic border between the oropharynx 
and the laryngopharynx (hypopharynx)?

 (A) sphenoid bone 
 (B) oral cavity
 (C) epiglottis
 (D) so t palate
 (E) cricoid cartilage

 4. Which o  the  ollowing laryngeal muscles abduct 
(open) the vocal cords?

 (A) lateral cricoarytenoid muscle
 (B) transverse arytenoid muscle
 (C) posterior cricoarytenoid muscle
 (D) oblique arytenoid muscle
 (E) thyroarytenoid muscle

 5. Which o  the  ollowing laryngeal muscles is innervated 
by the external branch o  the superior laryngeal nerve?

 (A) cricothyroid muscle
 (B) transverse arytenoid muscle
 (C) posterior cricoarytenoid muscle
 (D) lateral cricoarytenoid muscle
 (E) thyroarytenoid muscle

 6. In the larynx, the posterior aspect o  the vocal ligaments 
(vocal cords) attach to which o  the  ollowing cartilages?

 (A) thyroid cartilage
 (B) cricoid cartilage
 (C) cunei orm cartilage
 (D) corniculate cartilage
 (E) arytenoid cartilage

 7. In  ollow-up a ter surgery and anesthesia, a patient 
notes signi cant hoarseness. In order to evaluate the 
patient’s vocal cords, a diagnostic  beroptic examina-
tion is per ormed. I  unilateral injury to the recurrent 
laryngeal nerve has occurred, what will be the position 
o  the a ected vocal cord?

 (A)  ixed in adducted position
 (B)  ixed in abducted position
 (C)  ixed in paramedian position
 (D) able to adduct, but weak abduction
 (E) able to abduct, but weak adduction
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 8. Following an unevent ul general anesthetic  or uterine 
myomectomy, a previously well patient is noted to have 
complete unilateral vocal cord paralysis in the PACU. 
Which o  the  ollowing treatment options is most likely 
required?

 (A) emergency reintubation
 (B) elective tracheostomy
 (C) biPAP
 (D) eN  re erral
 (E) expectant management

 9. Compared to an adult larynx, which o  the  ollowing 
anatomic  eatures is characteristic o  the pediatric larynx?

 (A) epiglottis is  irm and broad.
 (B) larynx is cylindrical in shape.
 (C) narrowest portion o  larynx is at level o  vocal 

cords.
 (D) larynx is in a more superior (rostral) position.
 (E) anterior vocal cord attachment slants superiorly 

(rostral).

 10. In an emergency “cannot intubate, cannot ventilate” 
situation, an anesthesia team prepares  or a percutane-
ous surgical airway. In order to secure the airway, which 
one o  the  ollowing anatomic sites should be accessed?

 (A) suprasternal notch
 (B) between the second and third tracheal rings
 (C) in erior (caudad) to cricoid cartilage
 (D) thyrohyoid membrane
 (E) cricothyroid membrane

 11. At the level o  the tracheal bi urcation, or carina, which 
o  the  ollowing anatomic relationships is correct?

 (A) Right pulmonary artery is directly posterior to 
the trachea.

 (B) Xiphoid process is directly anterior to the trachea.
 (C)  9 vertebrae is directly posterior to the trachea.
 (D) Pericardial sac is caudad to the trachea.
 (E) Aortic arch is caudad to the trachea.

 12. During active expiration, which o  the  ollowing mus-
cles is most important?

 (A) rectus abdominis
 (B) trapezius
 (C) diaphragm
 (D) external intercostal muscles
 (E) scalene muscles

 13. Which o  the  ollowing muscles is considered an acces-
sory muscle o  inspiration?

 (A) diaphragm
 (B) external intercostal 
 (C) internal intercostal
 (D) rectus abdominis
 (E) sternocleidomastoid

 14. T e sum o  the expiratory reserve volume (ERV) plus 
the tidal volume (V ) plus the inspiratory reserve vol-
ume (IRV) equals which o  the  ollowing? 

 (A) inspiratory capacity
 (B) total lung capacity
 (C)  unctional residual capacity
 (D) vital capacity
 (E) closing capacity

 15. Which o  the  ollowing BES  approximates the  unc-
tional residual capacity (FRC)  or a healthy, 70-kg adult?

 (A) 1200 mL
 (B) 1600 mL
 (C) 2400 mL
 (D) 3200 mL
 (E) 4000 mL

 16. Which o  the  ollowing  actors does NO  in uence the 
 unctional residual capacity (FRC)? 

 (A) advanced age
 (B) body habitus
 (C) sex
 (D) posture
 (E) restrictive pulmonary disease
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 17. Which o  the  ollowing is a dynamic lung volume? 

 (A) slow vital capacity
 (B)  orced expiratory volume in 1 second
 (C) inspiratory capacity
 (D)  unctional residual capacity
 (E) closing volume

 18. A patient presents to preoperative clinic with a 50 pack-
year smoking history and severe chronic obstructive 
pulmonary disease. Which o  the  ollowing parameters 
is best measured using spirometry? 

 (A)  orced vital capacity
 (B) total lung capacity
 (C) residual lung volume
 (D) closing capacity
 (E)  unctional residual capacity

 19. Which o  the  ollowing best describes the concept o  
physiologic dead space? 

 (A) alveoli that are not per used
 (B) alveoli and nonrespiratory airways that are not 

per used
 (C) alveoli that are per used but are not ventilated.
 (D) trachea and nonrespiratory airways
 (E) pharynx, endotracheal tube, and y-piece o  the 

circuit

 20. Which o  the  ollowing  actors DECREASES dead 
space? 

 (A) upright position
 (B) neck extension
 (C) endotracheal tube
 (D) emphysema
 (E) age

 21. At what lung volume is pulmonary vascular resistance 
the lowest? 

 (A) residual volume
 (B) closing volume
 (C) expiratory reserve volume
 (D)  unctional residual capacity
 (E) total lung capacity

Use the following clinical scenario to answer questions  
22 and 23:

A 57-year -old male, weighing 70 kg is scheduled  or esoph-
agectomy a ter a recent diagnosis o  carcinoma o  the esoph-
agus. He has mild hypertension but is otherwise generally 
 t. As part o  his preoperative workup, he is undergoing 
cardiopulmonary exercise testing (CPE ). At baseline, his 
VO2 is measured at 4 mL/kg/min, cardiac output is 5.6 L/
min and his arterial oxygen content is 200 ml/L.

 22. What is his mixed venous oxygen content?

 (A) 50 mL/L
 (B) 100 mL/L
 (C) 150 mL/L
 (D) 250 mL/L
 (E) 300 mL/L

 23. Which o  the  ollowing  actors measured using CPE  
is the best predictor o  postoperative cardiopulmonary 
complication rate?

 (A) anaerobic threshold
 (B) minute ventilation
 (C) EKG S  analysis
 (D) VCO2

 (E) stroke volume

 24. A spontaneously breathing patient inhales 600 mL o  air. 
During this time, the intrapleural pressure decreases  rom 
- 4 cm H2O to - 9 cm H2O. T e compliance o  this 
patient’s respiratory system under these conditions is: 

 (A) 60 mL·cm H2O- 1

 (B) 90 mL·cm H2O- 1

 (C) 100 mL·cm H2O- 1

 (D) 120 mL·cm H2O- 1

 (E) 150 mL·cm H2O- 1

 25. T e parameters necessary to calculate transmural pres-
sure  or thoracic wall compliance (i.e. not lung compli-
ance) are:

 (A) atmospheric pressure and intrapleural pressure
 (B) atmospheric pressure and alveolar pressure
 (C) intrapleural pressure and alveolar pressure
 (D) interstitial pressure and intrapleural pressure
 (E) pericardial pressure and intrapleural pressure

MCGH380-CH03_087-130.indd   89  12/09/16   4:09 PM
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 26. A patient is being ventilated in the critical care unit. 
T e change in lung volume observed  or a given peak 
inspiratory pressure BES  describes which o  the  
 ollowing concepts?

 (A) static lung compliance.
 (B) inspiratory lung compliance.
 (C) dynamic lung compliance.
 (D) maximal lung compliance.
 (E) e  ort-independent lung compliance.

 27. Hysteresis re ers to:

 (A) the tendency o  alveoli to collapse at low volumes.
 (B) di  ering pressure-volume curves  or in lation 

and de lation o  the lungs.
 (C) the pleural pressure gradient that exists between 

the apex and the base o  the lung.
 (D) the decrease in airway resistance observed as air 

moves down the respiratory tree.
 (E) the  reak-out observed in the OR when a patient 

starts to quickly desaturate.

 28. Which o  the  ollowing best explains why alveoli do not 
collapse when lung volumes become small?

 (A) Sur actant increases the sur ace tension as  
spherical volume decreases.

 (B) Sur actant decreases the sur ace tension as  
spherical volume decreases.

 (C) Air trapping pneumatically stents open the  
alveoli.

 (D) Chest wall recoil prevents complete collapse.
 (E) Intrapleural pressure is maintained at - 10 cm 

H2O at the base.

 29. A child experiences bronchospasm shortly a ter induc-
tion o  general anesthesia. A decrease in the radius o  
her mid- to large-caliber airways by 50% will be likely 
to produce an increase in airway resistance o :

 (A) 2 times baseline
 (B) 4 times baseline
 (C) 8 times baseline
 (D) 16 times baseline
 (E) 32 times baseline

 30. Which o  the  ollowing descriptions best matches the 
 ow-volume loop shown below in Figure 3-9?
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FIG. 3-9. A flow-volume loop.

 (A) extrathoracic variable obstruction
 (B) intrathoracic variable obstruction
 (C)  ixed obstruction
 (D) chronic obstructive pulmonary disease
 (E) restrictive pulmonary disease

 31.  otal lung capacity ( LC) may be measured by all o  
the  ollowing methods EXCEP : 

 (A) helium dilution
 (B) nitrogen washout
 (C) spirometry
 (D) body plethysmography
 (E) chest radiograph measurements

 32. At what age will a healthy individual experience some 
closure o  their small airways in the supine position?

 (A) 20 years o  age
 (B) 40 years o  age
 (C) 50 years o  age
 (D) 60 years o  age
 (E) 80 years o  age
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 33. A 24-year-old woman is experiencing an acute asthma 
exacerbation. What alteration in her respiratory mechan-
ics will decrease the work o  breathing?

 (A) recruitment o  additional muscles o  respiration
 (B) taking shallow breaths near total lung capacity
 (C) breath holding
 (D) increasing her respiratory rate
 (E) decreasing her respiratory rate

 34. During quiet breathing, the portion o  the respiratory 
system that o ers the greatest resistance to air ow is the: 

 (A) mouth
 (B) trachea
 (C) large bronchi
 (D) mid-sized bronchi
 (E) small bronchi

 35. Which o  the  ollowing acts to constrict the bronchial 
smooth muscle? 

 (A) parasympathetic stimulation
 (B) beta-2 (β 2) agonists
 (C) nitric oxide
 (D) local hypercarbia
 (E) local hypoxemia

 36. Which o  the  ollowing is NO  an example o  V/Q 
mismatch leading to pulmonary shunt? 

 (A) mucus plugging o  a lobar bronchus
 (B) pulmonary thromboembolism
 (C) a bronchial blocker placed in the le t mainstem 

bronchus
 (D) atelectasis
 (E) pneumonia

 37. During normal tidal inspiration, what percentage o  
ventilation will dependent (lowermost) alveoli receive 
compared to alveoli in the nondependent (i.e. upper-
most aspect) o  the lung?

 (A) No ventilation
 (B) 50%
 (C) 100%
 (D) 150%
 (E) 500%

 38. According to the zone theory o  lung per usion as 
described by West, alveoli in zone 3 are characterized by: 

 (A) alveolar pressure >  pulmonary arterial pressure
 (B) alveolar pressure >  pulmonary venous pressure
 (C) pulmonary arterial pressure >  alveolar pressure
 (D) pulmonary venous pressure =  alveolar pressure
 (E) pulmonary venous pressure >  pulmonary arte-

rial pressure

 39. Following administration o  an antibiotic during a gen-
eral anesthetic, a patient’s end-tidal carbon dioxide 
decreases  rom 38 mm Hg to 30 mm Hg. No changes 
in the ventilatory settings were made during this time. 
T e noninvasive blood pressure cu  is set to cycle again 
in 2 minutes. Which o  the  ollowing statements is 
most accurate regarding this clinical situation?

 (A) Dead space has decreased.
 (B) Dead space has increased.
 (C) Shunt  raction has decreased.
 (D) Shunt  raction has increased.
 (E)  he patient requires more PEEP.

 40. A pulmonary artery catheter is placed to monitor pul-
monary artery occlusion pressure (PAOP). In which 
West zone(s) must the catheter lie in order to be accurate?

 (A) West zone 1
 (B) West zone 2
 (C) West zone 3
 (D) West zones 1 or 2
 (E) West zone 2 or 3

 41. Which o  the  ollowing  actors inter eres with e ective 
hypoxic pulmonary vasoconstriction (HPV)?

 (A) propo ol
 (B)  entanyl
 (C) thoracic epidural analgesia
 (D) 6% des lurane
 (E) nitroprusside

 42. Which o  the  ollowing is NO  required to calculate 
the di usion rate o  a gas across the alveolar membrane?

 (A) combined sur ace area o  the alveoli
 (B) di  usion coe  icient  or the particular gas
 (C) viscosity o  the gas
 (D) partial pressure o  the gas in the blood
 (E) thickness o  alveolar/capillary inter ace
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DIRECTIONS: Use the following scenario to answer 
questions 43 and 44:
A healthy 30-year-old weighing 70 kg undergoes induction 
o  general anesthesia with paralysis a ter breathing room air. 
T e patient is neither ventilated nor oxygenated  ollowing 
induction. T e patient has a VO2 o  3.5 mL/kg/min and an 
FRC o  2400 mL.

 43. From the time that apnea is initiated, how long will the 
patient’s oxygen stores last until he begins to desaturate?

 (A) 30 seconds
 (B) 60 seconds
 (C) 2 minutes
 (D) 4 minutes
 (E) 6 minutes

 44. T e medical student accompanying the anesthesiologist 
decides to show o  and ask about “apneic oxygenation.” 
T is back res when he is then asked to explain what he 
knows about it. A good answer would be:

 (A) It’s a myth—it doesn’t really exist.
 (B)  here are con licting data about how it works.
 (C) It’s only been shown to work in experimental  

situations, not in humans.
 (D) It works via the creation o  a low pressure zone 

in the alveoli, which draws in oxygen  rom the 
upper airway.

 (E) Hypoxic pulmonary vasoconstriction gradually 
shunts  low away  rom underper used lung,  
preserving V/Q matching.

 45. Di usion hypoxia is a phenomenon most likely seen in 
which o  the  ollowing settings?

 (A) upon induction o  anesthesia with air/oxygen 
and  entanyl

 (B) upon induction o  anesthesia with nitrous oxide/
oxygen and  entanyl

 (C) upon induction o  anesthesia with nitrous oxide/
oxygen and morphine

 (D) upon emergence  rom anesthesia with air/ 
oxygen and morphine

 (E) upon emergence  rom anesthesia with nitrous 
oxide/oxygen and  entanyl

 46. An intubated patient is breathing 30% oxygen in a 
critical care unit in Miami. Arterial blood gas analysis 
reveals her PaO2 is 140 mm Hg and her PaCO2 is 
40 mm Hg. Which o  the  ollowing best represents her 
alveolar-arterial  (A-a) gradient:

 (A) 6
 (B) 10
 (C) 12
 (D) 18
 (E) 24

 47. Assuming the solubility coe cient o  oxygen in blood 
is 0.003 mL/mm Hg/dL, which o  the  ollowing best 
estimates the amount o  dissolved oxygen in a 70-kg 
man breathing room air? 

 (A) 5 mL
 (B) 15 mL
 (C) 150 mL
 (D) 1500 mL
 (E) 2100 mL

 48. Which o  the  ollowing statements regarding normal 
adult hemoglobin is correct? 

 (A) Hemoglobin is made up o   our protein subunits 
surrounding a single heme group.

 (B) Hemoglobin is made up o  two alpha chains and  
two gamma chains.

 (C) Each gram o  hemoglobin can carry 1.34 mL o  
oxygen. 

 (D) Only the  erric  orm o  iron (Fe3+ ) can bind oxygen.
 (E) As each binding site becomes occupied with 

oxygen, con ormational changes occur that 
make it more di  icult to bind more oxygen.

 49. Which o  the  ollowing  actors is most likely to shi t the 
oxyhemoglobin dissociation curve to a position that 
 avors unloading o  oxygen?

 (A) hyperthermia
 (B) alkalosis
 (C) decreased 2,3-diphosphoglycerate (2,3-DPG) 

levels
 (D) carboxyhemoglobin
 (E)  etal hemoglobin
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 50. Hemoglobin  rom which one o  the  ollowing would 
be expected to have the highest levels o  2,3-DPG? 

 (A) an 80-year-old man
 (B) a 45-year-old woman  rom Florida enjoying a 

ski holiday in Breckenridge, Colorado
 (C) a healthy 6-month-old child
 (D) a healthy 25-year-old woman 2 weeks postpartum
 (E) a unit o  red blood cells stored in a blood bank 

 or 40 days

 51. Which o  the  ollowing best represents the oxygen par-
tial pressure where normal adult hemoglobin will be 
50% saturated? 

 (A) 19 mm Hg
 (B) 27 mm Hg
 (C) 40 mm Hg
 (D) 50 mm Hg
 (E) 75 mm Hg

 52. A patient under general anesthesia has an arterial blood 
gas drawn, which reveals PaO2 =  85 mm Hg, PaCO2 
=  42 mm Hg, Hb =  13 g/dL, and SpO2 =  96%. 
Which o  the  ollowing best approximates his oxygen 
content?

 (A) 10 mL/dL
 (B) 12 mL/dL
 (C) 14 mL/dL
 (D) 17 mL/dL
 (E) 19 mL/dL

 53. Which o  the  ollowing statements regarding methemo-
globin is FALSE? 

 (A) Methemoglobin contains the oxidized ( erric or 
3+ )  orm o  the iron ion.

 (B) Agents that cause methemoglobinemia include 
nitrates, nitrites, and prilocaine.

 (C)  he remaining binding sites in the hemoglobin 
tetramer exhibit increased a  inity  or oxygen.

 (D) Signi icant amounts o  methemoglobin cause 
the pulse oximeter to display a value o  100% no 
matter what the oxygen carrying capacity.

 (E) Methemoglobin is converted back to oxyhemo-
globin by the enzyme methemoglobin reductase.

 54. Carbon dioxide is carried in blood in multiple ways. 
Which o  the  ollowing best describes the relative 
importance o  the method o  transport?

 (A) dissolved in solution >  bound to blood  
proteins >  as bicarbonate ions

 (B) bound to blood proteins >  dissolved in solution 
>  as bicarbonate ions

 (C) bound to blood proteins >  as bicarbonate ions 
>  dissolved in solution

 (D) as bicarbonate ions >  dissolved in solution  
>  bound to blood proteins

 (E) as bicarbonate ions >  bound to blood  
proteins >  dissolved in solution

 55. Carbonic anhydrase catalyzes which o  the  ollowing 
reactions?

 (A) the conversion o  CO2 and H2O into carbonic 
acid within the erythrocyte

 (B) the conversion o  CO2 and H2O into carbonic 
acid within the plasma

 (C) the splitting o  carbonic acid into protons and 
bicarbonate within the erythrocyte

 (D) the splitting o  carbonic acid into protons and 
bicarbonate within the plasma

 (E) the splitting o  carbonic acid into protons and 
bicarbonate within the interstitial  luid

 56. T e mechanism by which red blood cells maintain elec-
trical neutrality while generating bicarbonate ions is 
termed the:

 (A) sodium shi t.
 (B) potassium shi t.
 (C) calcium shi t.
 (D) phosphate shi t.
 (E) chloride shi t.

 57. Compared to the oxyhemoglobin dissociation curve, 
the carbon dioxide dissociation curve is: 

 (A) more sigmoidal shaped.
 (B) logarithmic.
 (C) steeper in slope.
 (D) inversely related.
 (E) le t-shi ted.
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 58. T e Haldane e ect explains why: 

 (A) the oxyhemoglobin dissociation curve is sigmoidal.
 (B)  etal hemoglobin has a greater a  inity  or  

oxygen that adult hemoglobin.
 (C) carbon dioxide has a greater solubility than oxygen.
 (D) the carbon dioxide dissociation curve is sigmoidal.
 (E) deoxygenated blood can carry more carbon diox-

ide than oxygenated blood.

 59. A healthy 30-year-old patient has an arterial pCO2 o  
60 mm Hg. Which o  the  ollowing would you expect 
to DECREASE in association with this lab value?

 (A) heart rate
 (B) pulmonary arterial pressure
 (C) myocardial contractility
 (D) cerebral vascular resistance
 (E) plasma norepinephrine level

 60. Due to an error in ventilator settings, a patient’s PCO2 
is 25 mm Hg. Which o  the  ollowing is most likely to 
occur as a result? 

 (A) reduced coronary  low
 (B) decreased coronary vascular resistance
 (C) decreased oxygen extraction
 (D) decreased systemic vascular resistance
 (E) decreased myocardial contractility

 61. Administering high concentrations o  oxygen (hyper-
oxia) is most likely to have which o  the  ollowing e ects?

 (A) decreased systemic vascular resistance
 (B) increased heart rate
 (C) increased coronary  low
 (D) increased risk o  acute lung injury
 (E) increased cerebral blood  low 

 62. A 59-year old patient with pneumonia has a room air 
arterial PaO2 o  50 mm Hg. Which o  the  ollowing 
physiologic  ndings would most likely be observed in 
this patient? 

 (A) decreased cerebral blood  low
 (B) decreased coronary blood  low
 (C) a respiratory rate o  11/min
 (D) decreased pulmonary vascular resistance
 (E) increased cardiac output

 63. T e group o  neurons responsible  or the initiation o  
each breath are known as the: 

 (A) ventral respiratory group.
 (B) dorsal respiratory group.
 (C) medial respiratory group.
 (D) lateral respiratory group.
 (E) central respiratory group.

 64. Central respiratory chemoreceptors in the brainstem 
are stimulated by which o  the  ollowing?

 (A) plasma hydrogen ion concentration
 (B) plasma bicarbonate ion concentration
 (C) CSF stays capped hydrogen ion concentration
 (D) CSF bicarbonate ion concentration
 (E) CSF oxygen concentration

 65. A reduction in plasma PO2 will result in the increase in 
 ring rate o  neurons  rom which o  the  ollowing locations? 

 (A) carotid body
 (B) carotid sinus
 (C) pulmonary trunk
 (D) right atrium
 (E) bronchioles

 66. Which o  the  ollowing best describes the Hering-
Breuer re ex?

 (A) rapid shallow breathing in response to pulmo-
nary vascular congestion

 (B) the slowing o  breathing with activation o   
pulmonary stretch receptors

 (C) apnea in response to immersion o  the  ace in 
water

 (D) hyperpnea in response to low PaO2

 (E) hyperpnea in response to pain in an extremity

 67. Which o  the  ollowing would be expected to cause a 
le t shi t in the carbon dioxide response curve?

 (A) normal physiologic sleep
 (B) opioids
 (C) chronic obstruction
 (D) metabolic acidosis
 (E) sevo lurane anesthesia with a MAC o  1.0
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 68. Which o  the  ollowing vasoactive substances is largely 
inactivated by the lung?

 (A) dopamine
 (B) epinephrine
 (C) histamine
 (D) oxytocin
 (E) serotonin

 69. Which o  the  ollowing is NO  a physiologic conse-
quence o  cigarette smoking?

 (A) decreased FEV1

 (B) small airway narrowing
 (C) le t shi t o  the oxyhemoglobin dissociation curve
 (D) arterial hypertension
 (E) decreased platelet aggregation and primary clot 

 ailure

 70. Which o  the  ollowing is INCREASED  or patients 
who have quit smoking prior to anesthesia, compared 
to current smokers? 

 (A) the risk o  ICU admission postoperatively
 (B) the P50 o  the oxyhemoglobin dissociation curve
 (C) the risk o  pneumonia
 (D) the risk o  laryngospasm
 (E) the sputum volume
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Answers and Explanations: 
Respiratory Anatomy and Physiology

 1. A patient requires an awake  beroptic intubation. T e 
anesthesia team elects to per orm the procedure via the 
nasotracheal route. In order to anesthetize the nasal 
mucosa, which o  the  ollowing nerves must be 
blocked? 

 (A) ol actory nerve
 (B)  acial nerve
 (C) trigeminal nerve
 (D) glossopharyngeal nerve
 (E) vagus nerve

Sensation to the nasal cavity is supplied by the V1 and 
V2 branches o  the trigeminal nerve (cranial nerve V). 
T e V1 branch o  the trigeminal nerve, the ophthalmic 
nerve, branches into the anterior ethmoidal nerve 
which provides sensation to the anterior portion o  
the nasal septum. T e V2 branch o  the trigeminal 
nerve, the maxillary nerve, branches into the greater 
and lesser palatine nerves which provide sensation to 
the nasal turbinates and majority o  the nasal septum. 
T e glossopharyngeal nerve (cranial nerve IX) pro-
vides sensation to the pharynx, posterior third o  the 
tongue, anterior sur ace o  epiglottis, and tonsils. T e 
vagus nerve (cranial nerve X), via the internal branch 
o  the superior laryngeal nerve, provides sensation to 
the root o  the tongue, posterior epiglottis, arytenoids, 
and aryepiglottic  olds. T e vagus nerve, via the recur-
rent laryngeal nerve, provides sensation to the vocal 
 olds and trachea. T e ol actory nerve (cranial nerve I) 
is responsible  or sense o  smell. A branch o  the  acial 
nerve (cranial nerve VII) is responsible  or sense o  
taste on the anterior two thirds o  the tongue, while 
the glossopharyngeal nerve is responsible  or sense o  
taste on the posterior third o  the tongue.

Ref: Hadzic A. NYSORA  extbook o  Regional Anesthesia and 
Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

 2. In the emergency department, an unconscious trauma 
patient is evaluated be ore trans er to the operating 
room. Suction to the back o  the patient’s throat does 
not elicit a gag re ex. Which o  the  ollowing nerves 
innervates the sensory portion o  this re ex?

 (A) trigeminal nerve
 (B) glossopharyngeal nerve
 (C) vagus nerve
 (D)  acial nerve
 (E) hypoglossal nerve

T e sensory (a erent) portion o  the gag re ex is medi-
ated by the glossopharyngeal nerve (cranial nerve IX). 
T e motor (e erent) portion o  the gag re ex is medi-
ated by the vagus nerve (cranial nerve X). Overall, 
touching the posterior pharyngeal wall elicits elevation 
o  the so t palate and pharyngeal muscle contraction. 
T e V2 (maxillary) branch o  the trigeminal nerve (cra-
nial nerve V) innervates the nasopharynx. T e  acial 
nerve (cranial nerve VII) via the chorda tympani pro-
vides taste sensation to the anterior two thirds o  the 
tongue. T e hypoglossal nerve (cranial nerve XII) pro-
vides motor innervation to the tongue. 

Ref: Morton DA, Albertine K, Foreman KB. Gross Anatomy: 
T e Big Picture. 1st ed. New York, NY: McGraw Hill; 
2011.

 3. What is the anatomic border between the oropharynx 
and the laryngopharynx (hypopharynx)?

 (A) sphenoid bone 
 (B) oral cavity
 (C) epiglottis
 (D) so t palate
 (E) cricoid cartilage

T e epiglottis is the anatomic border separating the 
oropharynx  rom the laryngopharynx (Figure 3-1). 
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FIG. 3-1. A. Regions of the pharynx. B. Sagittal section of the head. C. Posterior view of the pharynx (midsagittal incision through the pharyngeal constrictor 
muscles). (Reproduced with permission from Morton DA, Albertine K, Foreman KB. The Big Picture: Gross Anatomy. 1st ed. New York, NY: McGraw Hill; 2011.)
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T e pharynx (or throat) is divided into three subdivi-
sions: nasopharynx, oropharynx, and laryngopharynx 
(hypopharynx). T e pharynx serves as the common path-
way  or the aerodigestive tracts. T e nasopharynx is the 
area above the so t palate, below the sphenoid bone, 
and behind the nasal cavity. T e oropharynx is located 
between the so t palate and epiglottis, posterior to the oral 
cavity. T e laryngopharynx (or hypopharynx) is located 
between the epiglottis and cricoid cartilage, posterior to 
the larynx.

Ref: Morton DA, Albertine K, Foreman KB. Gross Anatomy: 
T e Big Picture. 1st ed. New York, NY: McGraw Hill; 2011.

 4. Which o  the  ollowing laryngeal muscles abduct 
(open) the vocal cords?

 (A) lateral cricoarytenoid muscle
 (B) transverse arytenoid muscle
 (C) posterior cricoarytenoid muscle
 (D) oblique arytenoid muscle
 (E) thyroarytenoid muscle

T e posterior cricoarytenoid muscles abduct (open) 
the vocal cords. T ey are innervated by the recurrent 
laryngeal nerve (cranial nerve X). Muscles that adduct 
(close) the vocal cords include:
• lateral cricoarytenoid muscles
• transverse arytenoid muscles
• oblique arytenoid muscles
• aryepiglottic muscles

T e thyroarytenoid muscles decrease the length and 
tension o  the vocal cords, while the cricothyroid 
muscles increase the length and tension o  the vocal 
cords.

Ref: Morton DA, Albertine K, Foreman KB. Gross Anatomy: 
T e Big Picture. 1st ed. New York, NY: McGraw Hill; 2011.

 5. Which o  the  ollowing laryngeal muscles is innervated 
by the external branch o  the superior laryngeal nerve?

 (A) cricothyroid muscle
 (B) transverse arytenoid muscle
 (C) posterior cricoarytenoid muscle
 (D) lateral cricoarytenoid muscle
 (E) thyroarytenoid muscle

Sensation to the upper airway is innervated by branches 
o  the cranial nerves. T e anterior two-thirds o  the 
tongue is innervated by the mandibular branch (V3)  

o  the trigeminal nerve. Moving deeper into the 
oropharynx, the glossopnaryhgeal nerve innervates the 
posterior third o  the tongue down to the vallecula and 
the superior aspect o  the epiglottis, as well as the roo  
o  the pharynx, the tonsils and the undersur ace o  the 
so t palate. T e posterior aspect o  the epiglottis, the 
hypopharynx and the larynx are all innervated by 
branches that originate  rom the vagus (cranial nerve X) 
nerve. 

TABLE 3-1. Sensory and motor innervation o  the airway.

Superior laryngeal nerve  Recurrent laryngeal nerve
Sensory  Posterior epiglottis, 

hypopharynx, larynx 
above vocal cords

Larynx below vocal cords, 
trachea

Motor  Cricothyroid muscle 
(external branch of 
superior laryngeal nerve)

Remainder of the muscles 
of the larynx

T e cricothyroid muscle is innervated by the external 
branch o  superior laryngeal nerve (cranial nerve X). 
T is muscle increases the length and tension o  the 
vocal cords (i.e., “stretches them”), when you’re trying 
to hit that high C note.
 T e airway is bilaterally innervated, which protects 
against acute airway obstruction in the event o  injury to 
one o  these nerves. T e most dangerous situation is 
bilateral acute injury (i.e., transection) o  the recurrent 
laryngeal nerves. T is results in unopposed tension by 
the cricothyroid muscle, bringing the cords to the mid-
line and resulting in stridor and respiratory distress. 
Chronic recurrent laryngeal nerve injuries are less dan-
gerous because atrophy o  the musculature prevents 
excessive tension.

Ref: Morton DA, Albertine K, Foreman KB. Gross Anatomy: 
T e Big Picture. 1st ed. New York, NY: McGraw Hill; 2011.

Butterworth JF IV, Mackey DC, Wasnick JD. Morgan and 
Mikhail’s Clinical Anesthesiology. 5th ed. New York, NY: 
McGraw Hill; 2013. 

 6. In the larynx, the posterior aspect o  the vocal ligaments 
(vocal cords) attach to which o  the  ollowing cartilages?

 (A) thyroid cartilage
 (B) cricoid cartilage
 (C) cunei orm cartilage
 (D) corniculate cartilage
 (E) arytenoid cartilage

In the larynx, the vocal ligaments (vocal cords) attach 
posteriorly to the arytenoid cartilages and anteriorly 
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to the thyroid cartilage. T e larynx is  ormed by nine 
cartilages, three paired and three unpaired:

• Cuneiform and corniculate cartilages: Small, paired 
cartilages that, on direct laryngoscopy, lie posterior 
to the glottis.

• Arytenoid cartilages: Paired cartilages, pyramidal in 
shape. Posterior attachment  or vocal ligaments 
(vocal cords).

• Epiglottis: Single cartilage, attached to posterior sur-
 ace o  thyroid cartilage. Acts to cover laryngeal 
opening during swallowing.

• Thyroid cartilage: “Adam’s apple,” inferior to hyoid 
bone. Anterior attachment  or vocal ligaments. Pos-
terior sur ace o  thyroid cartilage also acts as attach-
ment  or epiglottis.

• Cricoid cartilage: Complete ring of cartilage that 
 orms the in erior border o  the larynx. Given its 
circum erential shape, cricoid pressure may be 
applied during rapid sequence induction in an 
attempt to occlude the esosphagus, which lies poste-
riorly to the cricoid cartilage.

Ref: Morton DA, Albertine K, Foreman KB. Gross Anatomy: 
T e Big Picture. 1st ed. New York, NY: McGraw Hill; 
2011.

 7. In  ollow-up a ter surgery and anesthesia, a patient 
notes signi cant hoarseness. In order to evaluate the 
patient’s vocal cords, a diagnostic  beroptic examina-
tion is per ormed. I  unilateral injury to the recurrent 
laryngeal nerve has occurred, what will be the position 
o  the a ected vocal cord?

 (A)  ixed in adducted position
 (B)  ixed in abducted position
 (C) fixed in paramedian position
 (D) able to adduct, but weak abduction
 (E) able to abduct, but weak adduction

A unilateral injury to the recurrent laryngeal nerve 
will result in unilateral vocal cord paralysis with the 
cord  xed in a paramedian position. All intrinsic mus-
cles o  the larynx are innervated by the vagus nerve 
(cranial nerve X). It’s important to note that only the 
cricothyroid muscle is innervated by the external 
branch o  superior laryngeal nerve. All other intrinsic 
muscles o  the larynx are innervated by the recurrent 
laryngeal nerves. T e  xed paramedian position 
results  rom unopposed action o  the cricothyroid 

muscle which increases the length and tension o  the 
vocal cords.

Refs: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

Morton DA, Albertine K, Foreman KB. Gross Anatomy: T e 
Big Picture. 1st ed. New York, NY: McGraw Hill; 2011.

 8. Following an unevent ul general anesthetic  or uterine 
myomectomy, a previously well patient is noted to have 
complete unilateral vocal cord paralysis in the PACU. 
Which o  the  ollowing treatment options is most likely 
required?

 (A) emergency reintubation
 (B) elective tracheostomy
 (C) BiPAP
 (D) ENT referral
 (E) expectant management

Unilateral vocal cord paralysis is not typically an emer-
gency in healthy patients. Presenting symptoms include 
signi cant hoarseness. EN  re erral is required  or 
workup and treatment. Bilateral vocal cord paralysis 
may require emergency treatment as both vocal cords 
are  xed in the paramedian position. Resulting stridor 
and respiratory distress may necessitate emergency rein-
tubation or tracheostomy. Bilevel positive airway pres-
sure (BiPAP) is a  orm o  noninvasive pressure support 
ventilation that may be considered as a temporizing 
measure  or patients with bilateral vocal cord paralysis 
until more de nitive treatment can be instituted.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 9. Compared to an adult larynx, which o  the  ollowing 
anatomic  eatures is characteristic o  the pediatric larynx?

 (A) epiglottis is  irm and broad.
 (B) larynx is cylindrical in shape.
 (C) narrowest portion o  larynx is at level o  vocal cords.
 (D) larynx is in a more superior (rostral) position.
 (E) anterior vocal cord attachment slants superiorly 

(rostral).

Compared to an adult larynx, a pediatric larynx is in a 
more superior (rostral) position in the neck (C3-C4 
level) compared to adults (C4-C5 level). T is makes 
the angle  or endotracheal tube insertion into the 
trachea more acute in in ants than in adults. T ere are 
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multiple di erences in airway and laryngeal anatomy 
between adults and in ants. 
In general, airway di erences include:
• Infants have a relatively larger tongue and larger 

occiput compared to adults. For this reason, a 
straight laryngoscope blade may be pre erred  or 
in ants and a shoulder roll may be required to  acili-
tate visualization o  laryngeal structures.

• Infants have a floppy, narrower, omega-shaped epi-
glottis, which angles over the trachea to a greater 
degree and covers the glottic opening more than in 
adults.  he adult epiglottis is  irm and broad.

• Infants have a funnel-shaped larynx with the narrow-
est portion at the level o  the cricoid cartilage. Adults 
have a cylindrical-shaped larynx with the narrowest 
portion at the level o  the vocal cords.

• In infants, the anterior attachment of the vocal cords 
slants in eriorly (caudad) relative to the posterior 
attachment. Hence, during direct laryngoscopy, they 
slant ‘‘away,’’ and blind passage o  an endotracheal 
tube is more prone to lodging in the anterior com-
missure.  he anterior and posterior attachments o  
vocal cords in adults are perpendicular to each other.

• Infants have a relatively smaller cricothyroid mem-
brane than adults, which makes identi ication and 
per ormance o  a surgical airway impractical.

Ref: Hung O, Murphy MF. Management o  the Di cult and 
Failed Airway. 2nd ed. New York, NY: McGraw Hill; 2012.

 10. In an emergency “cannot intubate, cannot ventilate” 
situation, an anesthesia team prepares  or a percutane-
ous surgical airway. In order to secure the airway, which 
one o  the  ollowing anatomic sites should be accessed?

 (A) suprasternal notch
 (B) between the second and third tracheal rings
 (C) in erior (caudad) to cricoid cartilage
 (D) thyrohyoid membrane
 (E) cricothyroid membrane

In an emergency “cannot intubate, cannot ventilate” 
situation, a percutaneous cricothyrotomy can be 
utilized to secure the airway. T is technique accesses 
the trachea via puncture and dilation o  the cricothy-
roid membrane. T e cricothyroid membrane lies 
between the in erior (caudad) aspect o  the thyroid 
cartilage and the cricoid cartilage. A patient should be 
positioned with neck extended and other landmarks 
may be noted including:

• suprasternal notch, located at the base of cervical 
trachea, at superior border o  manubrium between 
the heads o  the clavicles;

• hyoid bone, located between the mandible and thy-
roid cartilage, and

• thyrohyoid membrane, which connects hyoid bone 
to thyroid cartilage is located above the level o  the 
vocal cords.

Note, a percutaneous tracheotomy is usually per-
 ormed at the level o  the second and third tracheal 
rings (or one space higher or lower). T is technique is 
usually done in an elective setting (although it may be 
per ormed by experienced surgeons in the emergency 
situation). Anesthesiology teams tend not to have expe-
rience with this technique and a percutaneous cricothy-
rotomy is pre erred. 

Ref: Hung O, Murphy MF. Management o  the Di cult and 
Failed Airway. 2nd ed. New York, NY: McGraw Hill; 
2012.

 11. At the level o  the tracheal bi urcation, or carina, which 
o  the  ollowing anatomic relationships is correct?

 (A) Right pulmonary artery is directly posterior to 
the trachea.

 (B) Xiphoid process is directly anterior to the trachea.
 (C)  9 vertebrae is directly posterior to the trachea.
 (D) Pericardial sac is caudad to the trachea.
 (E) Aortic arch is caudad to the trachea.

At the level o  the tracheal bi urcation, or carina, the 
superior (rostral) aspect o  the pericardial sac is caudad 
to the trachea. T is relationship is important when 
assessing the position o  a central venous catheter 
(CVC). I  accessed  rom the internal jugular vein, the 
tip o  a CVC should be within the superior vena cava 
and outside the pericardial sac. A CVC within the 
pericardial sac may lead to cardiac e usion or tampon-
ade. T ere ore, on chest X-ray, a correctly positioned 
CVC should be within the superior vena cava above 
the level o  the carina, as this is typically above the level 
o  the pericardium. Other anatomic relationships o  
the tracheal bi urcation, or carina, include anterior 
(right pulmonary artery, sternal angle) and posterior 
( 5 vertebrae, bronchial arteries). T e aortic arch 
wraps over the anterior sur ace o  the le t mainstem 
bronchi and then descends in eriorly (caudad).

Ref: Morton DA, Albertine K, Foreman KB. Gross Anatomy: 
T e Big Picture. 1st ed. New York, NY: McGraw Hill; 2011.
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 12. During active expiration, which o  the  ollowing mus-
cles is most important?

 (A) rectus abdominis
 (B) trapezius
 (C) diaphragm
 (D) external intercostal muscles
 (E) scalene muscles

During active expiration, the abdominal wall muscles 
(rectus abdominis, internal and external oblique 
muscles, transversus abdominis) and the internal 
intercostal muscles are most important. Note, usually 
expiration is passive, as the elastic recoil o  alveoli 
allows  or emptying. Active expiration takes places 
during coughing, speaking, or exercise. T e diaphragm, 
external intercostals, scalene, and parasternal intercostal 
muscles are the main muscles o  inspiration. (Other 
accessory muscles are involved in more active  
inspiration.)

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 13. Which o  the  ollowing muscles is considered an acces-
sory muscle o  inspiration?

 (A) diaphragm
 (B) external intercostal 
 (C) internal intercostal
 (D) rectus abdominis
 (E) sternocleidomastoid

T e accessory muscles o  inspiration include the ster-
nocleidomastoid, trapezius, and muscles o  the verte-
bral column. T ey are not active during quiet inspira-
tion but become more important  or active inspiration 
during activities such as exercise or during an asthma 
exacerbation. Quiet inspiration relies on the dia-
phragm, external intercostals, scalene, and parasternal 
intercostal muscles. Expiration is usually passive; 
although during active expiration, the abdominal mus-
cles (including rectus abdominis) and internal inter-
costal muscles become more important.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 14. T e sum o  the expiratory reserve volume (ERV) plus 
the tidal volume (V ) plus the inspiratory reserve vol-
ume (IRV) equals which o  the  ollowing? 

 (A) inspiratory capacity
 (B) total lung capacity
 (C)  unctional residual capacity
 (D) vital capacity
 (E) closing capacity

T e lungs can be thought o  as being made up o  
 our “static” lung volumes, which cannot be  urther 
divided (Figure 3-2). T e tidal volume (V ) is the volume 
exchanged during normal, quiet breathing. Expiratory 
reserve volume (ERV) is the volume o  gas expelled  rom 
the lungs i  a subject is asked to exhale as much as he/she 
can when starting  rom resting volume. T e volume le t 

Zero lung volume

Tota l lung
capacity

Vita l
capacity

Inspira tory
capacity

Expira tory reserve
volume

Res idua l volume

Functiona l
res idua l
capacity

Tida l
volume

Inspira tory
reserve
volume

FIG. 3-2. Spirogram showing static lung volumes. (Reproduced with permission from Nunn JF. Nunn's Applied Physiology, 
4th edition. Butterworth, 2000.)
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over in the lungs a ter maximal exhalation is termed 
residual volume (RV). Finally, the maximum possible vol-
ume inhaled starting at the end o  normal tidal inspira-
tion is the inspiratory reserve volume (IRV).
 A capacity is  ormed by the combination o  two or 
more static lung volumes. For example, the FRC is 
 ormed by the combination o  RV and ERV. Vital capac-
ity (VC) is ERV plus V  plus IRV.  otal lung capacity 
( LC) is the sum o  all  our static lung volumes.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 15. Which o  the  ollowing BES  approximates the  unc-
tional residual capacity (FRC)  or a healthy, 70-kg adult?

 (A) 1200 mL
 (B) 1600 mL
 (C) 2400 mL
 (D) 3200 mL
 (E) 4000 mL

T e average total lung capacity  or a 70-kg adult is 
approximately 5600 mL, o  which about 2100 to 
2400 mL is FRC (Figure 3-3). 

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review o  Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 16. Which o  the  ollowing  actors does NO  in uence the 
 unctional residual capacity (FRC)? 

 (A) advanced age
 (B) body habitus
 (C) sex
 (D) posture
 (E) restrictive pulmonary disease

Body morphology has an impact on the FRC. It is 
decreased in obesity and increases proportionally with 
height. Females have a slightly (10%) decreased FRC 
compared to males. FRC decreases when changing 
 rom an upright to supine or prone position. T is is 
primarily due the pressure o  the abdominal contents 
against the diaphragm resulting in decreased chest 
compliance. Restrictive lung or chest wall disease also 
decreases the compliance and results in a diminished 
FRC. In contrast, FRC is largely independent o  age 
and is a constant 30 mL/kg in both children and adults 
o  all ages.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 17. Which o  the  ollowing is a dynamic lung volume? 

 (A) slow vital capacity
 (B) forced expiratory volume in 1 second
 (C) inspiratory capacity
 (D)  unctional residual capacity
 (E) closing volume

T e dynamic lung volumes are those which are depen-
dent on  ow (i.e., have a time limitation) and include 
 orced vital capacity and  orced expiratory volume in 
1 second (or 0.5, 3, 6 seconds, etc.). Static spirometric 
measures re ect dimensional volumes and are inde-
pendent o   ow. T ey are there ore not limited by time 
and include slow vital capacity, inspiratory capacity, 
tidal volume, expiratory reserve volume,  unctional 
reserve volume, and closing volume.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

Inspira tory reserve  volume
(40–45 mL/kg)

Tida l volume (7 mL/kg) 

Inspira tory
capacity
(50 mL/kg)   

Expira tory reserve  volume
(15 mL/kg)  

Vita l capacity
(65 mL/kg)  

Res idua l volume
(15–20 mL/kg) 

Functiona l
res idua l capacity
(30 mL/kg)   

Tota l lung capacity
(80 mL/kg) 

FIG. 3-3. Approximate lung volumes and capacities for a healthy adult.
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 18. A patient presents to preoperative clinic with a 50 pack-
year smoking history and severe chronic obstructive 
pulmonary disease. Which o  the  ollowing parameters 
is best measured using spirometry? 

 (A) forced vital capacity
 (B) total lung capacity
 (C) residual lung volume
 (D) closing capacity
 (E)  unctional residual capacity

Spirometry, where the patient blows  orce ully or 
slowly (depending on the test) through a mouthpiece 
attached to a  ow meter, is use ul  or calculating the 
static lung volumes such as inspiratory and expiratory 
reserve volume, and slow vital capacity. It is also very 
use ul to quanti y the dynamic lung volumes such as 
 orced vital capacity and FEV1. Spirometry cannot be 
used to estimate residual volume or any capacity that 
relies on the quanti cation o  it, such as FRC or  LC.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 19. Which o  the  ollowing best describes the concept o  
physiologic dead space? 

 (A) alveoli that are not per used
 (B) alveoli and nonrespiratory airways that are 

not perfused
 (C) alveoli that are per used but are not ventilated
 (D) trachea and non-respiratory airways
 (E) pharynx, endotracheal tube, and y-piece o  the 

circuit
Dead space is de ned as the part o  the tidal volume that 
does not participate in gas exchange. T e ratio o  tidal 
volume that is wasted to dead space (VD/V ) is approxi-
mately 33% in an average adult breathing spontane-
ously. T is includes those alveoli that are ventilated but 
not per used (termed alveolar dead space), and parts o  
the pharynx and tracheobronchial tree that do not par-
ticipate in gas exchange (anatomic dead space). T e sum 
o  these two dead spaces together is termed physiologic 
dead space. Apparatus dead space is the set o  ventilatory 
equipment that receives a portion o  the tidal volume; 
this includes the endotracheal tube, extraglottic airway, 
 acemask, and any additional tubing (e.g., accordion 
tubing, heat/moisture exchangers) that are inserted into 
the breathing system on the patient side o  the y-piece. 
Any gas on the machine side o  the y-piece o  the circle 
circuit is not considered dead space because the presence 

o  one-way valves in each limb ensure that gas only trav-
els in one direction around the circle.
 Dead space is approximately 2 mL/kg and can be 
calculated using the Bohr equation:

VD/V  =  (PACO2 -  PECO2)/PACO2

Where PACO2 is the alveolar carbon dioxide tension 
and PECO2 is the mixed (not end tidal) expired gas ten-
sion o  carbon dioxide.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 20. Which o  the  ollowing  actors DECREASES dead space? 

 (A) upright position
 (B) neck extension
 (C) endotracheal tube
 (D) emphysema
 (E) age

Multiple  actors a ect dead space ( able 3-2). Compared 
to the volume o  the airway and proximal trachea that 
normally contributes to the 2 mL/kg o  VD/V , the vol-
ume that gas within an endotracheal tube displaces is less. 

TABLE 3-2. Factors a ecting dead space.

Factor  E ect
Posture
 Upright
 Supine

↑
↓

Position o  airway
 Neck extension
 Neck  lexion

↑
↓

Age ↑
Arti icial airway ↓
Positive-pressure ventilation ↑
Drugs—anticholinergic ↑
Pulmonary per usion
 Pulmonary emboli
 Hypotension

↑
↑

Pulmonary vascular disease
 Emphysema ↑

From: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan and Mikhail’s Clinical 
Anesthesiology. 5th ed. New York, NY: McGraw Hill; 2013.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 21. At what lung volume is pulmonary vascular resistance 
the lowest? 

 (A) residual volume
 (B) closing volume
 (C) expiratory reserve volume
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 (D) functional residual capacity
 (E) total lung capacity

T e pulmonary vasculature has two sets o  vessels that can 
be considered to in uence the overall pulmonary vascular 
resistance (PVR). As the lung increases in volume  rom 
FRC, the alveoli expand, and with them the small capil-
laries that surround the alveoli. T is traction on the capil-
laries stretches these tiny vessels so that the luminal diam-
eter is diminished, increasing resistance to  ow, and 
elevating PVR. On the other hand, as lung volumes 
shrink, the larger extra-alveolar arterioles and venules are 
exposed to increased transmural pressure due to the ele-
vation in intrathoracic pressure, and the lumens o  these 
become both compressed and kinked, increasing resis-
tance. As such, the “sweet spot”  or PVR is right at FRC, 
with changes in lung volume on either side leading to 
increases in resistance (Figure 3-4).

esophagus. He has mild hypertension but is otherwise gen-
erally  t. As part o  his preoperative workup, he is undergo-
ing cardiopulmonary exercise testing (CPE ). At baseline, 
his VO2 is measured at 4 mL/kg/min, cardiac output is 
5.6 L/min, and his arterial oxygen content is 200 mL/L.

 22. What is his mixed venous oxygen content?

 (A) 50 mL/L
 (B) 100 mL/L
 (C) 150 mL/L
 (D) 250 mL/L
 (E) 300 mL/L

T e relationship between cardiac output and oxygen 
consumption is described by the Fick equation, which 
states that:

VO2 =  CO ×  (CaO2 -  CvO2)
Where VO2 is oxygen consumption, CO is cardiac 
output, CaO2 is arterial oxygen content and CvO2 is 
mixed venous oxygen content. Filling in the Fick equa-
tion with the numbers above, we get:
4 mL/kg/min ×  70 kg =   5.6 L/min ×  (200 mL/min 

-  CvO2)
Rearranging, we get:

280 mL/min/5.6 L/min =  200 mL/min -  CvO2

50 +  CvO2 =  200 mL/min
CvO2 =  150 mL/min

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 23. Which o  the  ollowing  actors measured using CPE  
is the best predictor o  postoperative cardiopulmonary 
complication rate?

 (A) anaerobic threshold
 (B) minute ventilation
 (C) EKG S  analysis
 (D) VCO2

 (E) stroke volume

CPE  is used increasingly as a means to quanti y the 
combined pulmonary, cardiac and circulatory sys-
tem. It is sa e, reliable, objective, and noninvasive. 
Subjects are exercised on a stationary cycle, and 
physiologic parameters including continuous EKG, 
blood pressure, and SpO2 are monitored. T e subject 
breathes through a mouthpiece or a tight- tting 
mask, and gases can be measured  or quanti cation 
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FIG. 3-4. The effects of lung volume on pulmonary vascular resistance 
(PVR). PVR is lowest near the functional residual capacity (FRC) and 
increases at both high and low lung volumes because of the combined 
effects on the alveolar and extraalveolar vessels. To achieve low lung 
volumes, one must generate positive intrapleural pressures so that the 
extraalveolar vessels are compressed, as seen at left in the figure.  
RV =  residual volume; TLC =  total lung capacity. (Reprinted from Graph 
after Murray The Normal Lung, 1st and 2nd editions (1976, 1986).)

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

Use the following clinical scenario to answer questions  
22 and 23:
A 57-year-old male, weighing 70 kg is scheduled  or esopha-
gectomy a ter a recent diagnosis o  carcinoma o  the 
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o  VO2 and VCO2, respiratory exchange ratio (ratio 
o  molecules o  O2 breathed in versus molecules o  
CO2 breathed out), oxygen pulse (VO2/HR, an approx-
imation o  stroke volume) and anaerobic threshold. 
T is last value can be used to note at which point in the 
VO2 curve the oxygen demand begins to exceed supply, 
and muscle cells begin to respire anaerobically. T e 
anaerobic threshold is usually achieved about hal way 
through the test, well be ore VO2 max is reached and 
the test is terminated;  or this reason, it is  elt to be 
independent o  motivation and there ore a reliable 
marker o   unctional capacity. 
 Indeed, it appears that anaerobic threshold is a valid 
predictor o  postoperative outcome, with a value o  
11 mL/kg/min required to sa ely undergo signi cant 
surgery in several studies. Ever noticed how nearly 
every patient preop note contains a phrase to the e ect 
o , “exercise tolerance > 4 mets”? One ME  (or “meta-
bolic equivalent” on the Duke Activity Status Index) is 
the oxygen consumption o  an adult at rest, or approx-
imately 3.5 mL/kg/min. Four ME s is there ore about 
13 to 14 mL/kg/min, which is roughly the same as the 
anaerobic threshold validated in the CPE  studies.

Ref: Agnew N. Preoperative cardiopulmonary exercise test-
ing. CEACCP. 2010;10:33–37.

 24. A spontaneously-breathing patient inhales 600 mL o  
air. During this time, the intrapleural pressure decreases 
 rom - 4 cm H2O to - 9 cm H2O. T e compliance o  
this patient’s respiratory system under these conditions 
is: 

 (A) 60 mL·cm H2O- 1

 (B) 90 mL·cm H2O- 1

 (C) 100 mL·cm H2O- 1

 (D) 120 mL·cm H2O- 1

 (E) 150 mL·cm H2O- 1

Compliance is de ned as the change in lung volume 
per unit change in airway pressure (Δ V/Δ P), and is a 
measure o  the distensibility o  the lungs. Compliance 
can also be thought o  as the slope o  the pressure-
volume curve (Figure 3-5). T e lungs and the chest 
wall each have a distinct compliance curve, and the 
sum o  the two provides the overall compliance o  
the respiratory system. At FRC, the inward recoil o  
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FIG. 3-5. The pressure–volume relationship for the chest wall, lung, and both together in the upright (A) and supine  
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Butterworth-Heinemann, 1982.)
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the lungs is balanced by the outward recoil o  the chest 
wall, and there is no net transmural pressure. Compli-
ance is highest around FRC (i.e., the slope is steepest), 
whereas at very low and very high lung volumes, addi-
tional changes in pressure result in minimal changes in 
volume (i.e. compliance is low). Normal compliance at 
FRC is approximately 0.2 L/cm H2O in a healthy 
adult male. 
 Compliance is reduced in pulmonary  brosis, pul-
monary edema, decreased sur actant levels as in pre-
maturity and when guys pu  their chest out  or the 
bene t o   emales while walking around on the beach. 
Compliance is increased in the course o  normal aging, 
and also when elasticity o  the lungs is reduced (e.g., 
emphysema).
 In the above example, the change in pressure is 
5 cm H2O (the intrapleural pressure, which is nor-
mally negative, became 5 cm H2O more negative with 
inspiration), divided into 600 mL gives 120 mL·cm 
H2O- 1. Normal adult pulmonary compliance is 
approximately 100 to 200 mL·cm H2O- 1.

Refs: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

Barrett KE, Boitano S, Barman SM, Brooks HL. Ganong’s 
Review o  Medical Physiology. 24th ed. New York, NY: 
McGraw Hill; 2012.

 25. T e parameters necessary to calculate transmural pres-
sure  or thoracic wall compliance (i.e., not lung compli-
ance) are:

 (A) atmospheric pressure and intrapleural pressure
 (B) atmospheric pressure and alveolar pressure
 (C) intrapleural pressure and alveolar pressure
 (D) interstitial pressure and intrapleural pressure
 (E) pericardial pressure and intrapleural pressure

For any given lung volume, there are three distinct 
compliance curves and three corresponding transmu-
ral pressure gradients used to calculate them. T e 
transmural pressure gradient used to calculate lung 
compliance is alveolar-intrapleural;  or thoracic wall, it 
is intrapleural-atmospheric. T e di erence between 
alveolar and atmospheric pressures is the gradient 
required to calculate overall compliance o  the respira-
tory system.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 26. A patient is being ventilated in the critical care unit. 
T e change in lung volume observed  or a given peak 
inspiratory pressure BES  describes which o  the  
 ollowing concepts?

 (A) static lung compliance
 (B) inspiratory lung compliance
 (C) dynamic lung compliance
 (D) maximal lung compliance
 (E) e  ort-independent lung compliance

Pulmonary compliance is measured in two di erent 
ways. T e static lung compliance is de ned as compli-
ance in the absence o  gas  ow. In a patient receiving 
positive pressure ventilation, the static compliance can 
be calculated by creating an inspiratory pause o  1 to 
2 seconds at a known lung volume, and measuring the 
resulting plateau pressure. In contrast, dynamic compli-
ance is the distensibility o  the respiratory system dur-
ing inspiratory and expiratory tidal ventilation. T e 
peak inspiratory pressure (PIP) is used to calculate the 
dynamic compliance using the  ollowing equation:

Cdynamic =  tidal volume/(PIP -  PEEP)
As a memory aid, imagine you’re climbing a mountain. 
I  your leg muscles become static, you pause and reach 
a plateau; i  your body becomes a dynamic piece o  
athletic machinery, you’ll reach the peak. 
Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 

and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 27. Hysteresis re ers to:

 (A) the tendency o  alveoli to collapse at low volumes.
 (B) differing pressure-volume curves for inflation 

and deflation of the lungs.
 (C) the pleural pressure gradient that exists between 

the apex and the base o  the lung.
 (D) the decrease in airway resistance observed as air 

moves down the respiratory tree.
 (E) the  reak-out observed in the OR when a patient 

starts to quickly desaturate.

I  a set o  lungs are in ated and de ated slowly, the pres-
sure-volume curves will not be identical  or the two 
phases (Figure 3-6). T is is largely due to the additional 
work required to recruit and open alveoli during inspira-
tion. T is phenomenon, which is present in most elastic 
structures, is termed elastic hysteresis. T e practical result 
is that,  or any given pressure, lung volume during inhala-
tion will be less than the lung volume during exhalation.
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Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 28. Which o  the  ollowing best explains why alveoli do not 
collapse when lung volumes become small?

 (A) Sur actant increases the sur ace tension as  
spherical volume decreases.

 (B) Surfactant decreases the surface tension as  
spherical volume decreases.

 (C) Air trapping pneumatically stents open the 
alveoli.

 (D) Chest wall recoil prevents complete collapse.
 (E) Intrapleural pressure is maintained at - 10 cm 

H2O at the base.

T e alveoli are lined with a layer o   uid, which results 
in an air- uid inter ace. T is inter ace creates sur ace 
tension  orces that tends to reduce the volume o  the 
alveolus. T e pressure inside the alveolus can be calcu-
lated using LaPlace’s Law:

P =  2 /R
where P =  pressure within the alveolus,   =  sur ace 
tension o  the liquid, and R =  the radius o  the alveo-
lus. As the radius decreases, the molecules o  the sur-
 ace  lm become closer together (and have a stronger 
mutual attraction), increasing the pressure within the 
alveolus. On the other hand, i  the radius increases, 
the molecules move apart, and the pressure within the 
alveolus decreases. 
 I  we imagine two interconnected alveoli 
(Figure 3-7) and assume equal sur ace tension, the 
increased pressure in the smaller alveolus will tend to 
create  ow into the larger alveolus, eventually collaps-
ing the smaller one. However, the presence o  pulmo-
nary sur actant, a phospholipid secreted by type II 
alveolar cells, serves to reduce the sur ace tension in 
proportion to the concentration at the air-f uid inter ace 
by acting as a detergent. During expiration, the alveo-
lar volume decreases and sur actant molecules are 
packed more tightly on the alveolar  lm sur ace, exert-
ing a greater reduction in sur ace tension.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.
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 29. A child experiences bronchospasm shortly a ter induc-
tion o  general anesthesia. A decrease in the radius o  
her mid- to large-caliber airways by 50% will be likely 
to produce an increase in airway resistance o :

 (A) 2 times baseline
 (B) 4 times baseline
 (C) 8 times baseline
 (D) 16 times baseline
 (E) 32 times baseline

T e  ow o  gas within the pulmonary system is depen-
dent o  several  actors. It is important to realize that there 
are two distinct  ow patterns. Laminar  ow describes an 
ordered pattern where all the molecules are moving in 
layers (or “laminae”) o  straight lines down the tube. Flow 
rates in laminar  ow are  astest in the center, and slowest 
at the periphery (Figure 3-8). In the pulmonary system, 
laminar  ow occurs primarily in small (< 1 mm) airways. 
 urbulent  ow, a disorganized movement associated with 
the presence o  eddy currents within the lumen, is present 
in large and medium airways, at branching points, points 
o  obstruction, and when the lumen diameter abruptly 
decreases. T ese eddy currents inter ere with  orward 
movement o  molecules and increase the energy input 
required to achieve a given  ow rate. 
 In laminar  ow, resistance is calculated by:
Resistance =  (8 ×  length ×  viscosity)/(π  ×  radius4)
T e radius o  the lumen is clearly the most important 
 actor in this equation because it a ects the resistance 
inversely by the  ourth power; in other words, a halv-
ing o  the radius will increase the resistance by a  actor 
o  16 during laminar  ow. In contrast, resistance dur-
ing turbulent  ow depends on the gas  ow rate, 
increasing proportionally as  ow rate increases. Addi-
tionally, the resistance during turbulent  ow is 
inversely proportional to the radius to the f  th power 
(or 32 times), as described below:

Pressure gradient ≈   ow2 ×  (density/radius5) 
As such, during turbulent  ow, resistance is exquisitely 
dependent on airway caliber.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 30. Which o  the  ollowing descriptions best matches the 
 ow-volume loop shown below in Figure 3-9?

Laminar flow  Turbulent flow

FIG. 3-8. Laminar and turbulent flow within tubes.
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FIG. 3-9. A flow-volume loop.

 (A) extrathoracic variable obstruction
 (B) intrathoracic variable obstruction
 (C)  ixed obstruction
 (D) chronic obstructive pulmonary disease
 (E) restrictive pulmonary disease

While there are various spirometric tests that pulmonary 
labs can per orm, the  ow-volume loop is o ten a use ul 
one to characterize overall patterns o  air ow resistance. 
Volume is charted on the x-axis and  ow on the y-axis. 
T e test is commenced at residual volume (RV) and the 
patient is instructed to take a  orced vital capacity 
breath. By convention, this  ow is assigned a negative 
value, and a normal inspiratory curve appears as a bowl 
or semi-circular shape. At total lung capacity ( LC), the 
patient immediately expires  orce ully back to RV, and 
 ow is represented as a positive value. Normally,  ow is 
high at the beginning o  expiration but diminishes near 
the end (linearly) due to reduced lung volumes.
 T ere are several characteristic patterns o   ow-volume 
loops that can aid in the diagnosis o  obstructive or 
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restrictive conditions (Figure 3-10). Small airways 
obstruction, as seen in chronic obstructive airways dis-
ease, is typically characterized by a “scooped-out” pattern 
in the latter hal  o  the expiratory curve, caused by delayed 
emptying. Flow-volume loops in restrictive lung disease 
(e.g., pulmonary  brosis) have decreased overall volumes 
and  ows, but the shape is more or less preserved.
 Dynamic obstruction can occur in the airways either 
inside or outside the thoracic cage. T is di ers  rom 
 xed obstruction in that the obstruction is somewhat 
mobile and limitations to air ow will change depending 
on the phase o  respiration. Extrathoracic variable 
obstruction (e.g., a mass just below the glottis) is one in 
which negative pressure in the extrathoracic trachea dur-
ing inspiration as air ow increases in speed past the nar-
rowed lumen (the Bernoulli principle) causes a pulling 
together o  the tracheal walls, thereby reducing  ow dur-
ing this phase. During expiration, the positive pressure 
pushes open the extrathoracic airway, allowing  or nor-
mal  ow patterns again. Conversely, with an intratho-
racic variable obstruction, the negative transmural pres-
sure during inspiration “pulls open” the airway, keeping 
 ow normal during this phase; during expiration (espe-
cially  orced expiration), the more positive intrathoracic 
pressure tends to  urther worsen the obstruction. T ese 
dynamic changes can be seen as  attening o  the respec-
tive portions o  the  ow-volume loops. 
 A  xed obstruction, one that does not change posi-
tion in phase o  respiration (e.g., tracheal stenosis), will 

produce air ow limitation in both phases o  respira-
tion and a  attening o  both portions o  the curve.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 31.  otal lung capacity ( LC) may be measured by all o  
the  ollowing methods EXCEP : 

 (A) helium dilution
 (B) nitrogen washout
 (C) spirometry
 (D) body plethysmography
 (E) chest radiograph measurements

T e gold standard  or measuring  LC is body plethys-
mography. T is device, also called a “body-box,” is a 
phone booth–type instrument that is capable o  
measuring the volume and pressure o  air surrounding 
a subject who is sealed within and breathing through a 
mouthpiece. Boyle’s law is used to determine the rela-
tionship between pressure and volume at FRC,  LC, 
and RV. In the helium dilution method, a known 
amount o  helium (which is not absorbed by the alveo-
lar capillaries), is inhaled and diluted by the gas already 
present in the lungs. T e exhaled concentration is then 
used to calculate FRC and  LC. T e nitrogen washout 
method is somewhat similar, during which a subject 
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FIG. 3-10. Flow-volume loops. A. Normal. B. Small airways disease (e.g., COPD). C. Restrictive lung disease. D. Variable extrathoracic obstruction. 
E. Variable intrathoracic obstruction. F. Fixed airway obstruction.
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breathes 100% oxygen and expired gas collected via a 
one-way valve. T e nitrogen concentration is mea-
sured until it reaches zero, at which point the total vol-
ume o  gas expired is determined, along with the total 
mixed nitrogen concentration. Assuming 79% o  the 
initial lung volume was nitrogen, the lung volume can 
then be calculated by cross-multiplying. Chest X-rays 
can be used to estimate  LC within with a 10% to 
15% margin o  error. Spirometry, which can be used to 
measure tidal volume, inspiratory volume and expira-
tory volume, cannot be used to calculate or measure 
RV, FRC or  LC because it cannot measure the gas le t 
in the lungs at maximal exhalation (RV), a component 
o  all o  those capacities.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 32. At what age will a healthy individual experience some 
closure o  their small airways in the supine position?

 (A) 20 years o  age
 (B) 40 years of age
 (C) 50 years o  age
 (D) 60 years o  age
 (E) 80 years o  age

As air is exhaled  rom end inspiration, a point is 
reached where the positive pleural pressure causes 
dynamic collapse o  the very small airways in the most 
dependent portions o  the lung. T is volume is termed 
the closing volume. Note that technically speaking, the 
closing capacity is the total volume remaining in the 
lungs at this collapse point and is estimated by closing 
volume plus residual volume; closing volume is closing 

capacity minus residual volume. T ese terms are some-
times used interchangeably, although they technically 
are distinct.
 Closing volume increases with age, as the elastic 
recoil o  the lung decreases and there is less radial tension 
keeping airways open as the volumes decrease 
(Figure 3-11). In childhood and early adulthood, clos-
ing volume is below  unctional residual capacity (FRC). 
However, closing volume equals FRC while in the 
supine position at approximately 40 years o  age, and in 
the seated position at approximately 60 years o  age. T e 
implication here is that, at the end o  every breath, some 
alveoli are collapsed, leading to small areas o  shunt and 
decreased arterial oxygen tension. T e reduced FRC 
seen during anesthesia in the spontaneously breathing 
patient leads to an earlier reduction in FRC below clos-
ing volume, so that otherwise una ected younger 
patients may experience V/Q mismatch.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 33. A 24-year-old woman is experiencing an acute asthma 
exacerbation. What alteration in her respiratory mechan-
ics will decrease the work o  breathing?

 (A) recruitment o  additional muscles o  respiration
 (B) taking shallow breaths near total lung capacity
 (C) breath holding
 (D) increasing her respiratory rate
 (E) decreasing her respiratory rate

T ere are two principal components to the work o  
breathing: T at related to overcoming elastic recoil o  
the chest wall and pulmonary parenchyma as well as 
the sur ace tension o  the alveoli, and that related to 
air ow resistance. T ese are additive and the summed 
total gives the overall work o  breathing. Normally, the 
work o  breathing is low and represents 3% to 5% o  
total VO2.
 T e e ect o  elastic recoil and airway resistance are 
respiratory rate dependent (Figure 3-12). Under normal 
circumstances, the balance between these two resistances 
results in a nadir o  the total work o  breathing curve at 
about 12 to 15 breaths per minute. As the elastic resis-
tance curve increases (as in restrictive lung disease), it 
becomes more di cult to take deep breaths without 
substantially increasing work.  o maintain minute ven-
tilation with minimal work, the respiratory rate 
increases. T e reverse occurs with an isolated increase in 
airway resistance, where slower breathing is easiest. T is 
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FIG. 3-11. Closing volume. (Reproduced with permission from Nunn JF. 
Nunn's Applied Physiology, 4th edition. Butterworth, 2000.)
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is because a slower rate allows  or more complete exhala-
tion to FRC with minimal breath stacking or dynamic 
compression o  the airways. 

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 34. During quiet breathing, the portion o  the respiratory 
system that o ers the greatest resistance to air ow is the: 

 (A) mouth
 (B) trachea
 (C) large bronchi
 (D) mid-sized bronchi
 (E) small bronchi

Resistance is highest in the individual lumen with the 
smallest radius. For this reason, it may be concluded 
that the small bronchi in the terminal portion o  the 
conducting airways o er the greatest resistance to air-
 ow. However, because these small bronchi are so 
numerous and are arranged in parallel, the total cross-
sectional area is very large. Accordingly, the combined 
resistance is very low in these small airways. It is the 
mid-sized airways where the highest resistance occurs 
during normal breathing.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 35. Which o  the  ollowing acts to constrict the bronchial 
smooth muscle? 

 (A) parasympathetic stimulation
 (B) beta-2 (β 2) agonists
 (C) nitric oxide
 (D) local hypercarbia
 (E) local hypoxemia

Increased cholinergic parasympathetic activity via the 
vagus nerve results in constriction o  the smooth 
muscle in the bronchial wall as well as increased 
production o  mucus by respiratory epithelial goblet 
cells. Other substances that provoke bronchoconstric-
tion include systemic acetylcholine, histamine, leukot-
rienes, serotonin, alpha-adrenergic agonists, and direct 
exposure to noxious agents such as smoke, dust, or 
other irritants.
 In contrast, bronchodilation is mediated primar-
ily by the stimulation o  beta-2 (β2) receptors 
located widely throughout the bronchial muscle. 
T is usually occurs  ollowing an increase in circulat-
ing catecholamines through activation o  the sympa-
thetic system, or by direct activation by sympathetic 
 bers. Nitric oxide is commonly used as a pulmo-
nary vasodilator but also acts on the bronchial 
smooth muscle to dilate it as well. Any process pro-
duces hypercarbia or hypoxemia in the small airways 
will also result in bronchodilation.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 36. Which o  the  ollowing is NO  an example o  V/Q 
mismatch leading to pulmonary shunt? 

 (A) mucus plugging o  a lobar bronchus
 (B) pulmonary thromboembolism
 (C) a bronchial blocker placed in the le t mainstem 

bronchus
 (D) atelectasis
 (E) pneumonia

Ideally, ventilation and per usion (V and Q) are 
matched so that parts o  the lung receiving the greatest 
proportion o  gas during a breath also enjoy the most 
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FIG. 3-12. Work of breathing related to respiratory rate for (A) normal circumstances; (B) increased elastic 
resistance (e.g., restrictive lung disease); and (C) increased airway resistance (e.g., asthma, COPD).
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per usion. In normal healthy lungs, this is generally 
true, but V and Q are never 100% matched due to 
regional di erences in both ventilation and per usion. 
T ere are some circumstances or disease processes where 
substantial V/Q mismatch occurs. Shunt re ers to a situ-
ation where there is per usion but no ventilation. T is 
may occur in instances where larger airways are blocked 
by mucus, the use o  lung separation such as double-
lumen tubes and bronchial blockers, or in alveolar  
processes such as pneumonia, atelectasis, pulmonary 
hemorrhage or severe pulmonary edema. T e degree o  
shunting as a proportion o  total cardiac output is 
termed the shunt  raction (Qs/Qt). T is can be calcu-
lated by:

Qs/Qt =  (CCO2 -  CAO2)/(CCO2 -  CVO2),
where Qs =  amount o  shunted cardiac output; Qt =  
total cardiac output; CCO2 =  end-capillary O2 content; 
CAO2 =  arterial O2 content; CVO2 =  mixed venous 
O2 content.
 Shunt can occur via nonpulmonary  causes such as 
intracardiac shunts (e.g., T ebesian veins) and that 
portion o  bronchial circulation that empties into the 
pulmonary veins rather than bronchial veins. T is  rac-
tion o  deoxygenated blood that enters the le t heart is 
relatively  xed, and is largely responsible  or the normal 
shunt  raction o  < 5%. T e increased shunt  raction 
(and subsequent reduction in arterial oxygen tension) 

observed in pulmonary processes is never truly as bad 
as it seems—this is due to hypoxic pulmonary vaso-
constriction which diverts  ow away  rom poorly ven-
tilated areas and improves V/Q matching (discussed 
 urther in question 41).

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 37. During normal tidal inspiration, what percentage o  
ventilation will dependent (lowermost) alveoli receive 
compared to alveoli in the non-dependent (i.e., upper-
most aspect) o  the lung?

 (A) no ventilation
 (B) 50%
 (C) 100%
 (D) 150%
 (E) 500%

Alveolar ventilation is not uni orm throughout the 
lungs. T is is primarily because o  gravitational e ects 
on the lung tissue and the resulting compression o  
dependent alveoli (Figure 3-13). Alveoli in the upper-
most aspect o  the lung are exposed to a more negative 
intrapleural pressure and are there ore larger at FRC. 
Imagine the lungs as two soaking wet sponges set on a 
table. T e weight o  the sponge will tend to compress 
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FIG. 3-13. The effect of gravity on alveolar compliance in the upright position. (Reproduced with permission 
from  Butterworth JF IV, Mackey DC, Wasnick JD. Morgan and Mikhail’s Clinical Anesthesiology. 5th ed. New 
York, NY: McGraw Hill; 2013.)
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the bottom section, whereas the top o  the sponge is 
 ully expanded; an imper ect analogy technically 
speaking, but you get the picture. T e volume and 
transpulmonary (alveolar; pleural) pressure both start 
small near the dependent aspect and increase toward 
the uppermost areas. T e curve is steep at  rst but  at-
tens out near the top. T e shape o  this compliance 
curve explains the distribution o  ventilation: as the 
breath is initiated, the steepest (i.e., most compliant) 
portion is the most dependent alveoli, and they draw 
in gas  rst. T e uppermost alveoli that are already 
almost  ully  lled do not receive ventilation until the 
end o  inspiration, i  at all. During normal tidal breath-
ing, the ratio o  basal to apical ventilation is 1.5 to 1. 
 Note that the terms lowermost and uppermost are 
used here, not base and apex. T is is because this relation-
ship is preserved no matter what the patient position, 
although the amount o  di erence in pleural pressure 
between the top and bottom will be less when a patient 
is supine or prone than when he/she is upright.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 38. According to the zone theory o  lung per usion as 
described by West, alveoli in zone 3 are characterized by: 

 (A) alveolar pressure >  pulmonary arterial pressure
 (B) alveolar pressure >  pulmonary venous pressure

 (C) pulmonary arterial pressure >  alveolar pressure
 (D) pulmonary venous pressure =  alveolar pressure
 (E) pulmonary venous pressure >  pulmonary arte-

rial pressure

T e relationship between pulmonary ventilation and 
per usion has been simpli ed by West such that the 
lung can be considered to be composed o   our zones 
(Figure 3-14). T e relationships between pulmonary 
arterial and venous pressures, alveolar pressures, and 
interstitial pressures  ollow the observation that the 
vascular pressures are higher at the most dependent 
and lowest at the least dependent aspects o  the lung; 
at the same time, alveolar pressure is relatively constant 
throughout the lung. 
 In zone 1, the alveolar pressure exceeds even the 
pulmonary arterial pressure (and certainly the venous 
pressure). T ere ore, although this zone is ventilated, 
no blood  ow occurs here (i.e., dead space). In zone 2, 
arterial pressure is now higher than alveolar pressure, 
and so  ow occurs. However, venous pressure is lower 
than alveolar pressure in most o  zone 2 (they are equal 
at the zone 2/3 inter ace), meaning that  ow in this 
zone is dependent on the di erence between arterial 
and alveolar pressures, and venous pressure has no 
bearing on  ow. 
 West zone 3 is where both arterial and venous pres-
sures exceed alveolar, and  ow is dependent on the gra-
dient between the two (and not alveolar pressure). 

BA

1. Collapse

2. Waterfa llArte ria l  Venous

Zone  1

PA

PA > Pa  > P v

P a = PA 

Pv = PA 

Zone  2
Pa  > PA > P v

Zone  3
Pa  > Pv > PA

Zone  4

Blood  ow

Dis tance

P a > P is  > P v > P A

Pa Pv

4. Inte rs titia l pressure

3. Dis tention

FIG. 3-14. Pulmonary blood flow distribution relative to the alveolar pressure (PA), the pulmonary arterial pressure (Pa), the pulmonary venous 
pressure (PV), and the interstitial pressure (Pis) at various gravitation levels. A. Classic West Zones of blood flow distribution in the upright 
position. (Redrawn from West JB. Respiratory Physiology: The Essentials, 6th edition. William and Wilkins, 2000.) B. In vivo perfusion scanning 
illustrating central-to-peripheral, in addition to gravitational blood flow distribution, in the upright position. (Reproduced with permission from 
Lohser J. Evidence based management of one lung ventilation. Anesthesiol Clin 2008;26:241.)
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Flow still increases in moving down zone 3 because the 
overall volume o  vessels increases (the pressure gradi-
ent remains the same). Zone 4 arises in aspects o  the 
lung where reduced lung volumes (and resultant 
increased interstitial pressures) decrease the size o  
extra-alveolar vessels, thereby increasing their resis-
tance and reducing  ow. 
 T ese zones are dynamic;  or example, during times 
o  decreased cardiac output, there will be a relative 
increase in zone 1 and a shrinking o  zones 2 and 3. Con-
versely, during exercise, the increased cardiac output 
“pushes” blood up to the top o  the column, e ectively 
eliminating zone 1 and increasing zone 3 substantially.
 T is is a simpli ed conceptual description o  the 
distribution o  per usion within the lungs. For exam-
ple, it is known that per usion also exists in a central-
to-peripheral gradient, with the hilar areas receiving 
more  ow and the periphery receiving less blood  ow. 

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 39. Following administration o  an antibiotic during a gen-
eral anesthetic, a patient’s end-tidal carbon dioxide 
decreases  rom 38 mm Hg to 30 mm Hg. No changes 
in the ventilatory settings were made during this time. 
T e noninvasive blood pressure cu  is set to cycle again 
in 2 minutes. Which o  the  ollowing statements is 
most accurate regarding this clinical situation?

 (A) Dead space has decreased.
 (B) Dead space has increased.
 (C) Shunt  raction has decreased.
 (D) Shunt  raction has increased.
 (E)  he patient requires more PEEP.

End-tidal carbon dioxide represents the partial pres-
sure o  CO2 in the exhaled gas just be ore inspiration 
occurs. Under conditions where cardiac output is sta-
ble and V/Q matching is ideal, there is minimal gradi-
ent between the partial pressure o  CO2 present in the 
alveoli (PACO2 =  40 mm Hg) and at end-expiration  
(EtCO2 =  38 mm Hg). T e small di erence that does 
exist is due to alveoli at the apices o  the lung that are 
ventilated but not well-per used (i.e., dead space). 
 As such, the composition o  exhaled gas returning 
 rom this zone (West zone 1) re ects inhaled gas and 
has no CO2 in it. When it mixes with alveolar gas  rom 
well-per used zones o  the lung (i.e., West zone 3), the 
unchanged gas lowers the overall CO2 concentration. 

T e higher the proportion o  dead space alveoli, the 
lower the EtCO2.
 An increase in dead space can be caused by a num-
ber o  mechanisms but is commonly seen when 
pulmonary per usion drops, as in pulmonary thrombo- 
or gas-embolism, cardiac arrest, or (less dramatically) 
vasodilation and decreases in right-sided preload that 
decrease pulmonary artery pressures and increase the 
proportion o  West zone 1 in the lungs. T is can be a 
use ul clinical monitor. In our example, the antibiotic 
likely caused vasodilation that resulted in a drop in 
preload and cardiac output. Be ore the next cycle o  
the blood pressure cu  could detect the arterial hypo-
tension that would surely accompany this pulmonary 
preload reduction, the end-tidal CO2 alerts the clini-
cian to a potentially serious change in cardiopulmo-
nary  unction that warrants attention.
 Shunting has little e ect on end-tidal CO2 because 
trans er o  CO2 across the intact capillary/alveolar 
inter ace is very e cient. T ere ore, endobronchial 
intubation (resulting in a large initial shunt  raction 
due to no ventilation on one lung) will typically not be 
detected with a decrease in end-tidal CO2. T e addi-
tion o  positive end-expiratory pressure (PEEP) is a 
maneuver well-suited to patients su ering  rom 
impaired oxygenation. However, the increased alveolar 
pressure tends to be trans erred to the capillaries, 
reducing per usion and increasing dead space.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 40. A pulmonary artery catheter is placed to monitor pul-
monary artery occlusion pressure (PAOP). In which 
West zone(s) must the catheter lie in order to be accurate?

 (A) West zone 1
 (B) West zone 2
 (C) West zone 3
 (D) West zones 1 or 2
 (E) West zone 2 or 3

Pulmonary arterial catheters estimate le t ventricular 
end diastolic pressure by occluding a segment o  the 
pulmonary artery with a balloon (a “wedged” posi-
tion). Pressure measured at the catheter tip should 
theoretically be re ective o  an uninterrupted column 
o   uid that continues through the pulmonary capil-
lary bed, to the pulmonary venules and veins, the le t 
atrium and  nally the le t ventricle. However, i  the 
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alveolar pressure is greater than the pulmonary venous 
pressure (as is the case in West zones 1 and 2), the col-
umn o   uid will be interrupted and the pressure 
transduced will be re ective o  airway pressure 
(Figure 3-15). 
 Catheters are normally directed into West zone 3 
because they are balloon tipped and probably  ollow 
the arterial path with the greatest  ow. However, i  the 
same patient then becomes hypovolemic or is exposed 
to positive pressure ventilation (especially with a large 
amount o  PEEP), a portion o  zone 3 may be con-
verted to zone 2 or even 1. T is may be detected on the 
monitor when the PAOP tracing develops large swings 
corresponding to the respiratory rate.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 41. Which o  the  ollowing  actors inter eres with e ective 
hypoxic pulmonary vasoconstriction (HPV)?

 (A) propo ol
 (B)  entanyl
 (C) thoracic epidural analgesia
 (D) 6% des lurane
 (E) nitroprusside

HPV is a physiologic mechanism that serves to reduce 
the shunt  raction caused by poor V/Q mismatching 
in areas o  the lung where ventilation is poor. Because 
it is a local response, only those areas that are hypoxic 
undergo vasoconstriction, a smooth muscle response 
that is likely mediated by oxygen-sensitive potassium 
channels. In response to hypoxia, these channels are 
blocked, leading to depolarization and an increase in 
intracellular calcium concentration, thereby causing 
contraction o  the smooth muscle. HPV can reduce 
the shunt  raction during one lung ventilation by 
about hal , markedly increasing the arterial oxygen 
tension (Figure 3-16).
 HPV is a relatively weak response, and can be over-
come by a number o   actors including mechanical 
(elevated pulmonary arterial pressure), pharmacologic 
(vasodilators) and metabolic (alkalosis) ( able 3-3). 
Many common anesthetic drugs have little to no e ect, 
including propo ol, volatile anesthetics at concentra-
tions o  1 MAC, opioids, and thoracic epidural 
analgesia.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.
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FIG. 3-16. A. Schematic diagram showing that the 2-lung ventilation nondependent-to-dependent lung blood flow 
ratio is 40% to 60%. B. When 2-lung ventilation is converted to 1-lung ventilation (as indicated by atelectasis of the 
nondependent lung), the HPV response decreases the blood flow to the nondependent lung by 50% so that the 
nondependent-to-dependent lung blood flow ratio is now 20% to 80%. (Reproduced with permission from Wernly 
JA, et al. Clinical value of quantitative ventilation-perfusion lung scans in the surgical management of bronchogenic 
carcinoma. J Thorac Cardiovasc Surg. 1980;80:535.)
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FIG. 3-15. Pressure trace recorded during positive pressure mechanical 
ventilation from a pulmonary artery catheter located in West’s lung 
zone 1. Pressure swings in the pulmonary artery occlusion pressure 
(Δ PAOP) reflect changes in airway pressure and are significantly higher 
than swings in pulmonary artery pressure (Δ PAP), which result from 
changes in pleural pressure. (Reprinted from Longnecker DE, Brown DL, 
Newman MF, Zapol WM. Anesthesiology. 2nd edition. New York, NY: 
McGraw-Hill, 2012. After Teboul JL, Pinsky MR, Mercat A, et al. 
Estimating cardiac filling pressure in mechanically ventilated patients 
with hyperinflation. Crit Care Med. 2000;28(11):3631–3636.)
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 42. Which o  the  ollowing is NO  required to calculate 
the di usion rate o  a gas across the alveolar membrane?

 (A) combined sur ace area o  the alveoli
 (B) di  usion coe  icient  or the particular gas
 (C) viscosity of the gas
 (D) partial pressure o  the gas in the blood
 (E) thickness o  alveolar/capillary inter ace

Di usion rate o  a gas through a barrier can be calcu-
lated using Fick’s law  or di usion (How many laws 
did this guy invent? Enough already!). T is law states 
that:

v. gas =  [A ×  D ×  (P1 -  P2)]/ 

Where v.  =  volume o  gas di using through the mem-
brane per unit o  time; A =  sur ace area o  the mem-
brane; D =  di usion coe cient o  the particular gas; 
P1 -  P2 =  di erence in partial pressure between alveo-
lus and pulmonary capillary;   =  thickness o  alveo-
lar/capillary inter ace. Viscosity does not play a role in 
di usion capacity.
 T e average sur ace area o  the alveolar/capillary 
inter ace is about 70 m2.  o put that in perspective, 
that is roughly 750  t2, or the size o  spacious New York 
City studio apartment. More capillaries can be 
recruited during exercise to increase this (e ectively 
decreasing the West zone 1 volume); conversely, hypo-
tension or excessive PEEP may decrease the sur ace 
area by derecruiting capillaries. Di usion coe cient 
 or a gas is related to molecular weight and solubility. 
T e lighter the gas and the higher the solubility, the 

easier it passes through the membrane. T e thickness 
o  this inter ace is between 0.2 to 0.5 mm, but this can 
increase with pulmonary edema or interstitial  brosis.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

DIRECTIONS: Use the following scenario to answer 
questions 43 and 44:
A healthy 30-year-old weighing 70 kg undergoes induction 
o  general anesthesia with paralysis a ter breathing room air. 
T e patient is neither ventilated nor oxygenated  ollowing 
induction. T e patient has a VO2 o  3.5 mL/kg/min and an 
FRC o  2400 mL.

 43. From the time that apnea is initiated, how long will the 
patient’s oxygen stores last until he begins to desaturate?

 (A) 30 seconds
 (B) 60 seconds
 (C) 2 minutes
 (D) 4 minutes
 (E) 6 minutes

In this scenario, the pulmonary oxygen stores at time 
zero are the volume o  the FRC multiplied by the 
FiO2. Since the patient has been breathing room air, 
the oxygen stores are 2400 mL ×  0.21, or 504 mL. 
T e oxygen consumption is 3.5 mL/kg/min ×  70 kg, or 
245 mL/min. T ere ore, the pulmonary oxygen stores 
will be used up in about 2 minutes, and desaturation 
will begin to commence.

TABLE 3-3. Common  actors in uencing hypoxic pulmonary vasoconstriction.

Factor  E ect on hypoxic pulmonary vasoconstriction

Alkalosis  Inhibits
Hypothermia  Inhibits
Increased cardiac output; increased pulmonary 

artery pressures
Inhibits

Hypocapnia  Inhibits
Positive end expiratory pressure (PEEP)  Inhibits (increased pressure in aerated lung shunts 

blood to nonaerated lung)
Vasodilators (nitroglycerin, nitroprusside)  Inhibits
Vasoconstrictors (phenylephrine, norepinephrine)  Inhibits (overcome HPV by increasing PAP)
Volatile anesthetics  Minimal or no change at 1.0 MAC; desflurane  

> 1.5 MAC inhibits HPV
Lateral decubitus position (vs supine)  Enhances
Propofol  Either no change (high dose: 6–12 mcg/kg/hr), or 

enhances (clinically used doses)
Thoracic epidural analgesia  Enhances
Fentanyl  No change
Labetalol  No change
Nicardipine  No change
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 T e time to desaturation can be markedly extended 
by pre-oxygenating the patient prior to the apnea period. 
I  the patient had been completely de-nitrogenated by 
breathing 100% oxygen  or several minutes, the oxygen 
stores would e ectively equal the volume at FRC, which 
is 2400 mL in this example. Given an uptake o  245 mL/
min, this would provide almost 10 minutes o  apneic 
time be ore desaturation occurred. T is calculation is an 
oversimpli cation, and in reality the e ects o  atelectasis 
and V/Q mismatching would likely reduce that number 
by some amount.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 44. T e medical student accompanying the anesthesiologist 
decides to show o  and ask about “apneic oxygen-
ation.” T is back res when he is then asked to explain 
what he knows about it. A good answer would be:

 (A) It’s a myth—it doesn’t really exist.
 (B)  here are con licting data about how it works.
 (C) It’s only been shown to work in experimental  

situations, not in humans.
 (D) It works via the creation of a low pressure 

zone in the alveoli, which draws in oxygen 
from the upper airway.

 (E) Hypoxic pulmonary vasoconstriction gradually 
shunts  low away  rom underper used lung,  
preserving V/Q matching.

In the 1940s, researchers began to investigate the idea 
o  providing a continuous source o  oxygen to the 
upper airway while the patient was apneic as a means 
o  extending this apneic time  urther. During apnea, it 
is estimated that CO2 enters the alveoli at a rate o  
approximately 10 mL/min. As stated above, oxygen is 
removed at a rate o  approximately 200 to 250 mL/min. 
T is discrepancy results in a reduction in barometric 
pressure in the alveoli. Assuming a patent airway, gas 
 rom the pharynx, tracheal and conducting airways 
will move via bulk  ow down the pressure gradient  
to replace the oxygen that has di used into the 
capillaries. 
 Practically speaking, providing the patient is pre-oxy-
genated, has a patent airway, and there is a source o  oxy-
gen  owing (e.g., nasal, pharyngeal or tracheal cannula), 
apneic oxygenation can allow patients to maintain a 
PaO2 in the 200 to 400 mm Hg range  or beyond 
15 minutes. With an endotracheal tube and insuf ation 
with 100% oxygen, patients can theoretically tolerate up 

to 100 minutes o  apnea. Apneic oxygenation can be 
extremely use ul in short cases where surgical access to 
the airway is required (e.g., laryngoscopy and/or bron-
choscopy) or where immobility o  the chest wall is 
desired (e.g., high-resolution imaging o  the chest). 
Clearly, a consideration when per orming apneic oxy-
genation is the hypercarbia that develops due to hypoven-
tilation, and the e ects on the cerebral, systemic, and 
pulmonary vasculature.

Ref: Lumb AB. Nunn’s Applied Respiratory Physiology. 7th ed. 
Philadelphia, PA: Elsevier; 2010.

 45. Di usion hypoxia is a phenomenon most likely seen in 
which o  the  ollowing settings?

 (A) upon induction o  anesthesia with air/oxygen 
and  entanyl

 (B) upon induction o  anesthesia with nitrous oxide/
oxygen and  entanyl

 (C) upon induction o  anesthesia with nitrous oxide/
oxygen and morphine

 (D) upon emergence  rom anesthesia with air/ 
oxygen and morphine

 (E) upon emergence from anesthesia with nitrous 
oxide/oxygen and fentanyl

Di usion hypoxia is a phenomenon observed upon 
emergence  rom an anesthetic where nitrous oxide was 
used extensively. Because o  its relative insolubility, 
nitrous oxide is eliminated  rom the bloodstream rap-
idly. I  large amounts o  this gas di use into the alveoli 
in a short period o  time, these can displace or dilute 
the oxygen already present, provoking hypoxia. T is is 
particularly dangerous during emergence, as this is a 
time where the patient is at increased risk  or obstruc-
tion and hypoventilation,  urther worsening the oxy-
genation. However, i  supplemental oxygen is provided 
to these patients and a patent airway ensured, di usion 
hypoxia is unlikely. 
 T e risk is greatest during the  rst 5 to 10 minutes 
 ollowing emergence, since nitrous oxide is rapidly 
eliminated into the room air. A technique known as 
“nitrous-narcotic anesthesia,” which is not practiced 
o ten these days, relies heavily on both nitrous oxide 
and opioids—this tended to worsen the risk  or di u-
sion hypoxia because o  the opioid-induced respiratory 
depression on emergence.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 
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 46. An intubated patient is breathing 30% oxygen in a 
critical care unit in Miami. Arterial blood gas analysis 
reveals her PaO2 is 140 mm Hg and her PaCO2 is 
40 mm Hg. Which o  the  ollowing best represents her 
alveolar-arterial (A-a) gradient:

 (A) 6
 (B) 10
 (C) 12
 (D) 18
 (E) 24

T e alveolar-arterial (A-a) gradient quanti es the di -
 erence between the calculated alveolar oxygen tension 
and the measured arterial oxygen tension. It is an 
important value, used to estimate the degree o  impair-
ment o  gas exchange and the health o  the alveolar-
capillary inter ace:

Alveolar oxygen tension (PAO2) 
=  FiO2 (Patm -  PH2O) -  PaCO2/0.8

Where FiO2 is  raction o  inspired oxygen, Patm is 
atmospheric pressure, PH2O is water vapor pressure, 
and PaCO2 is arterial carbon dioxide tension. Atmo-
spheric pressure at sea level (e.g., Miami) is 760 mm Hg. 
Water vapor pressure, assuming 100% humidity in the 
alveoli, is 47 mm Hg. Substituting in our example,  
we get:

PAO2 =  0.3 ×  (760 -  47 mm Hg) -  40 mm Hg/0.8
PAO2 =  214 -  50 mm Hg
PAO2 =  164 mm Hg

Subtracting the measured PaO2 gives:
A-a gradient =  164 -  140 mm Hg =  24 mm Hg

A rough guideline  or the normal range is a gradient 
less than [age/4] +  4. Normal A-a gradients increase 
with both age and FiO2. T ere ore, while a healthy, 
nonsmoking 18-year-old breathing room air would be 
expected to have a gradient between 5 and 10 mm Hg, 
an elderly person breathing room air would likely have 
a gradient o  14 to 15 mm Hg. Similarly, breathing 
100% oxygen would result in a gradient o  approxi-
mately 30 mm Hg in a young person and 55 mm Hg 
in an elderly person.
 T e A-a gradient can be help ul in re ning the di -
 erential diagnosis  or hypoxemia. For example, 
hypoxemia in the presence o  a normal A-a gradient 
suggests either alveolar hypoventilation or a low FiO2. 

In contrast, hypoxemia with an elevated gradient sug-
gests one o  the  ollowing:

 1. V/Q mismatch
 2. Le t-to-right shunt (cardiac or pulmonary)
 3. Di usion impairment
 4.  Decreased venous admixture (e.g., increased ex-

traction  rom sepsis,  ever, thyrotoxicosis, etc.)

Ref: Lumb AB. Nunn’s Applied Respiratory Physiology. 7th ed. 
Philadelphia, PA: Elsevier; 2010.

 47. Assuming the solubility coe cient o  oxygen in blood 
is 0.003 mL/mm Hg/dL, which o  the  ollowing best 
estimates the amount o  dissolved oxygen in a 70-kg 
man breathing room air? 

 (A) 5 mL
 (B) 15 mL
 (C) 150 mL
 (D) 1500 mL
 (E) 2100 mL

According to Henry’s Law, the concentration o  dis-
solved gas in a liquid is in direct proportion to its par-
tial pressure and solubility. In other words:

CO2dissolved =  solubility coe cient ×  PaO2

Substituting the above solubility coe cient and assum-
ing a room air PaO2 o  100 mm Hg, we get:

CO2dissolved =  0.003 mL/mm Hg/dL ×  100 mm Hg, or
CO2dissolved =  0.3 mL/dL

T e average 70-kg male has 75 mL o  blood/kg, or 
about 5 L (50 dL) o  blood volume. Multiplying 50 dL 
×  0.3 mL/dL gives us 15 mL o  dissolved oxygen in the 
body.
 T is is a piti ully small amount o  dissolved oxygen, 
especially when considering the average oxygen con-
sumption is 250 mL/min. T e cardiac output required 
to deliver that much dissolved oxygen to meet the 
metabolic needs would be physiologically impossible. 
T is is precisely why the ability o  hemoglobin to bind 
and transport oxygen to the tissues is critical  or the 
development and survival o  complicated heme-based 
organisms.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 
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 48. Which o  the  ollowing statements regarding normal 
adult hemoglobin is correct? 

 (A) Hemoglobin is made up o   our protein subunits 
surrounding a single heme group.

 (B) Hemoglobin is made up o  two alpha chains and  
two gamma chains.

 (C) Each gram of hemoglobin can carry 1.34 mL 
of oxygen. 

 (D) Only the  erric  orm o  iron (Fe3+ ) can bind oxygen.
 (E) As each binding site becomes occupied with 

oxygen, con ormational changes occur that 
make it more di  icult to bind more oxygen.

Hemoglobin, the principal means o  oxygen carrying 
capacity, is a metalloprotein that consists o   our protein 
subunits and  our heme groups. In normal adult hemo-
globin, there are two alpha subunits and two beta sub-
units, each o  which is attached by a histidine amino 
acid residue to the heme group. Heme itsel  consists o  a 
porphyrin ring surrounding an iron ion. Oxygen can 
only binds to the  errous  orm o  the iron ion (Fe2+ ); 
heme containing the oxidized,  erric  orm (Fe3+ ) is 
known as methemoglobin and cannot bind oxygen. 
T ere is normally a very small amount o  methemoglo-
bin in healthy individuals, which is converted back to 
hemoglobin by the enzyme methemoglobin reductase. 
Each gram o  adult hemoglobin can carry 1.34 mL o  
oxygen, which (assuming a hemoglobin concentration 
o  14 g/dL) increases the oxygen carrying capacity by 
over 60- old compared to dissolved oxygen.
 Other hemoglobin species exist. For example,  etal 
hemoglobin is composed o  a similar structure but has 
two gamma subunits instead o  two beta subunits. T is 
changes the shape o  the oxyhemoglobin dissociation 
curve  or  etal hemoglobin, increasing its a nity  or 
oxygen and making it easier to bind to oxygen at low 
tensions present in placenta.
 T e  our binding sites demonstrate “cooperativity,” 
which describes the con ormational changes that occur as 
oxygen occupies each site in turn. Rather than obey the 
law o  mass action (in which the  ourth heme-O2 binding 
reaction should be slowest due to a decreased amount o  
oxygen and heme available), the kinetics o  the  ourth 
reaction are actually  astest, and the overall result is that all 
 our binding reactions occur at the same rate. 
Refs: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 

and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

Lumb AB. Nunn’s Applied Respiratory Physiology. 7th ed. 
Philadelphia, PA: Elsevier; 2010.

 49. Which o  the  ollowing  actors is most likely to shi t the 
oxyhemoglobin dissociation curve to a position that 
 avors unloading o  oxygen?

 (A) hyperthermia
 (B) alkalosis
 (C) decreased 2,3-diphosphoglycerate (2,3-DPG) 

levels
 (D) carboxyhemoglobin
 (E)  etal hemoglobin

T e oxyhemoglobin dissociation curve is a representa-
tion o  the e ect o  tissue PO2 on the loading and 
unloading characteristics o  hemoglobin. T e loading 
status is characterized as the percent saturation on the 
y-axis. As can be seen in Figure 3-17, the relationship 
is a sigmoidal one—the slope o  the curve is steep at 
low oxygen tensions, and begins to  atten out as the 
PO2 approaches 70 mm Hg. T is is very important  or 
the physiology o  oxygen transport and delivery. 
Hemoglobin has a high a nity  or oxygen at high oxy-
gen tensions, such as those  ound in the alveoli. 
 T is allows the rapid loading o  the  our binding sites 
to a  ully saturated state. Even i  the alveolar PO2 is 
reduced  rom normal conditions (e.g., 70 mm Hg down 
 rom ~100 mm Hg), the curve demonstrates that the 
SpO2 is still 94%. On the other hand, the steep portion 
o  the curve at low oxygen tensions encourages the o -
loading o  oxygen. A small reduction in PO2 results in a 
large decrease in saturation as oxygen becomes unbound 
and there ore available to the relatively hypoxic tissues.
 Certain  actors can cause the oxyhemoglobin dissoci-
ation curve to shi t its position on the x-axis ( able 3-4 
and Figure 3-18). T e most common  actors are 
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FIG. 3-17. A typical “normal” adult oxyhemoglobin dissociation curve 
for blood at 37°C with a pH of 7.40 and a Pco 2 of 40 mm Hg. The P50 is 
the partial pressure of oxygen at which hemoglobin is 50% saturated 
with oxygen. (Reproduced with permission from Levitzky MG. 
Pulmonary Physiology. 8th ed. New York, NY: McGraw Hill; 2013.)
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temperature, hydrogen ion concentration, and the con-
centration o  2,3-DPG (a by-product o  glycolysis that 
accumulates during anaerobic metabolism). An increase 
in any o  these  actors will shi t the curve to the right, 
which will reduce the a nity o  hemoglobin  or oxygen. 
In other words, a right shi t  o  the curve will tend to 
promote unloading. A decrease in any o  these three  ac-
tors will result in a le t shi t, and an increased a nity  or 
oxygen. T is increased tendency  or hemoglobin to 
“hold on” to oxygen is undesirable when oxygen delivery 
to the tissues is critical.
 T e oxyhemoglobin dissociation curve can be shi ted 
by abnormal hemoglobin  orms as well as substances 
that displace oxygen. For example, hemoglobin has a 
vastly higher (200–300× ) a nity  or carbon monoxide 
than oxygen; exposure to carbon monoxide displaces 
oxygen  rom the binding sites and makes it unavailable 

to the tissues. Carbon monoxide also shi ts the curve to 
the le t, making what oxygen that is bound even less 
available to the tissues. Methemoglobinemia (com-
monly caused by nitrates, nitrites, sul onamides, and 
some local anesthetics) also displaces oxygen and le t-
shi ts the curve. Fetal hemoglobin is naturally displaced 
to the le t compared with adult hemoglobin; this is 
adaptive  or the  etus so that loading can proceed e -
ciently at low oxygen tensions present in the placenta.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 50. Hemoglobin  rom which one o  the  ollowing would 
be expected to have the highest levels o  2,3-DPG? 

 (A) an 80-year-old man
 (B) a 45-year-old woman from Florida enjoying a 

ski holiday in Breckenridge, Colorado
 (C) a healthy 6-month-old child
 (D) a healthy 25-year-old woman 2 weeks postpartum
 (E) a unit o  red blood cells stored in a blood bank 

 or 40 days

2,3-diphosphoglycerate (2,3-DPG) is produced by red 
blood cells during normal cellular respiration. Within 
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FIGURE 3-18. The effects of changes in acid–base status, body temperature, and 2,3-DPG 
concentration on the hemoglobin–oxygen dissociation curve. (Reproduced with permission from  
Butterworth JF IV, Mackey DC, Wasnick JD. Morgan and Mikhail’s Clinical Anesthesiology. 5th ed. New 
York, NY: McGraw Hill; 2013.)

TABLE 3-4. Factors promoting a le t or right shi t  o  the 
oxyhemoglobin dissociation curve.

Le t shi t  Right shi t

↓  temperature ↑  temperature
↓  hydrogen ions (alkalosis) ↑  hydrogen ions (acidosis)
↓  2,3-DPG concentration ↑  2,3-DPG concentration
Carboxyhemoglobin, 

methemoglobin
Fetal hemoglobin
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the erythrocyte, it binds to hemoglobin, reducing the 
molecule’s a nity  or oxygen. As such, increased levels 
o  2,3-DPG result in a right-shi t o  the oxyhemoglobin 
dissociation curve. T is normally occurs during chronic 
hypoxic conditions, such as exposure to high altitudes. 
An individual accustomed to partial pressures o  oxygen 
present at sea level would be expected to generate up to 
20% higher levels o  2,3-DPG when exposed to high 
altitudes (e.g., Breckenridge, CO, which is located at 
9600  t above sea level). Elevated levels o  2,3-DPG are 
 ound during normal pregnancy, with concentrations 
returning to normal within days o  delivery. Newborns 
have elevated levels o  2,3-DPG, but these drop quickly 
and reach adult concentrations by age 2 months. 
Increased 2,3-DPG concentrations are also seen in iron 
de ciency anemia. Blood stored in blood banks is 
quickly depleted o  2,3-DPG. T is has the undesirable 
e ect o  causing a le t shi t in the oxyhemoglobin dis-
sociation curve, reducing the ability o  hemoglobin to 
o -load oxygen in the relatively hypoxic tissue.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 51. Which o  the  ollowing best represents the oxygen par-
tial pressure where normal adult hemoglobin will be 
50% saturated? 

 (A) 19 mm Hg
 (B) 27 mm Hg
 (C) 40 mm Hg
 (D) 50 mm Hg
 (E) 75 mm Hg

T e P50 is the partial pressure o  oxygen at which the 
hemoglobin is 50% saturated. Under normal conditions 
in an adult, this number is 26.6 mm Hg. T is is a use ul 
concept  or understanding changes in hemoglobin 
physiology. Since the P50 exists at the steepest part o  
the sigmoidal oxyhemoglobin dissociation curve, it is a 
sensitive point on the x-axis to compare curves that have 
been shi ted le t or right. For example, the P50 o   etal 
hemoglobin is approximately 19 mm Hg. T e curve  or 
 etal hemoglobin is there ore le t-shi ted, allowing  etal 
hemoglobin to load oxygen more e ciently at relatively 
lower partial pressures (such as at the placenta). 
 T e  our key points on the oxyhemoglobin dissocia-
tion curve that are worth remembering are:
•  Arterial point: pO2 100 mm Hg with SaO2 98%
• Saturation “ all-o  ” point: pO2 60 mm Hg with 

SpO2 90%

• Mixed venous point: pO2 40 mm Hg with SaO2 
75%

• P50: pO2 26.6 mm Hg with SaO2 50%

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 52. A patient under general anesthesia has an arterial blood 
gas drawn, which reveals PaO2 =  85 mm Hg, PaCO2 
=  42 mm Hg, Hb =  13 g/dL, and SpO2 =  96%. 
Which o  the  ollowing best approximates his oxygen 
content?

 (A) 10 mL/dL
 (B) 12 mL/dL
 (C) 14 mL/dL
 (D) 17 mL/dL
 (E) 19 mL/dL

Oxygen content (CaO2) is de ned as the sum total o  
the dissolved oxygen and that oxygen bound to hemo-
globin. T e equation is as  ollows:

CaO2 =  (0.003 ×  PaO2) +  (1.34 ×  Hb ×  SpO2)
T e constant 1.34 re ects that amount o  oxygen that  
1 g o  hemoglobin can bind under standard conditions. 
Some sources cite a constant o  1.39, which is an exper-
imental and theoretical maximum, but in reality the 
presence o  a small amount o  other species o  hemo-
globins (e.g., methemoglobin, carboxyhemoglobin) 
brings that number down by a small amount. Note that 
the  rst term is very small since PaO2 is multiplied by 
0.003. T is is the dissolved  raction, which is negligible 
compared to the amount carried by hemoglobin.
 Substituting in our example, we get:

CaO2 =  (0.003 ×  85) +  (1.34 ×  13 ×  0.96)
=  0.255 +  16.72
=  17 mL/dL

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 53. Which o  the  ollowing statements regarding methemo-
globin is FALSE? 

 (A) Methemoglobin contains the oxidized ( erric or 
3+ )  orm o  the iron ion.

 (B) Agents that cause methemoglobinemia include 
nitrates, nitrites and prilocaine.

 (C)  he remaining binding sites in the hemoglobin 
tetramer exhibit increased a  inity  or oxygen.
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 (D) Significant amounts of methemoglobin cause 
the pulse oximeter to display a value of 100% 
no matter what the oxygen carrying capacity.

 (E) Methemoglobin is converted back to oxyhemo-
globin by the enzyme methemoglobin reductase.

Methemoglobin is the  orm o  hemoglobin that occurs 
when the normal  errous ion (2+ ) is oxidized to its  er-
ric  orm (3+ ). T ere are a variety o  oxidizing agents 
that may provoke this reaction; important examples in 
anesthesiology practice include nitroglycerin, nitric 
oxide, sul onamides, metoclopramide, benzocaine, 
and prilocaine. When oxidized, the iron ion is no lon-
ger able to serve as a binding site; however, the pres-
ence o  methemoglobin on one o  the  our tetramers 
increases the a nity  or oxygen on the part o  the 
remaining reduced hemoglobin molecules.
 In normal day-to-day living, auto-oxidation results 
in approximately 1% o  circulating hemoglobin pres-
ent as methemoglobin. T is is normally not a problem, 
since the enzyme methemoglobin reductase converts 
this back to its  errous state. In clinically signi cant 
methemoglobinemia, the volume o  methemoglobin 
outstrips the ability o  the enzyme to keep up, and 
methemoglobin begins to accumulate. Symptoms are 
nonspeci c and relate to inadequate oxygen delivery, 
typically beginning when methemoglobin represents 
8% to 12% o  total hemoglobin. Pulse oximetry is inac-
curate, and with signi cant (> 20%) concentrations 
tends to read as 85%, independent o  the actual oxygen 
saturation. 
 Bonus  un  act: Unlike in carboxyhemoglobinemia, 
where blood typically has a bright red appearance, blood 
with a signi cant amount o  methemoglobin appears 
“chocolate brown.” Mmmmmmm, chocolate …

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 54. Carbon dioxide is carried in blood in multiple ways. 
Which o  the  ollowing best describes the relative 
importance o  the method o  transport?

 (A) dissolved in solution >  bound to blood  
proteins >  as bicarbonate ions

 (B) bound to blood proteins >  dissolved in solution 
>  as bicarbonate ions

 (C) bound to blood proteins >  as bicarbonate ions 
>  dissolved in solution

 (D) as bicarbonate ions >  dissolved in solution >  
bound to blood proteins

 (E) as bicarbonate ions >  bound to blood  
proteins >  dissolved in solution

Like oxygen, a small  raction o  CO2 is carried in blood 
dissolved in solution. T e solubility o  CO2 is higher 
than oxygen, but the overall contribution is still 
roughly 5%. Another 6% to 23% o  total CO2 is 
transported bound to histidine residues on the hemo-
globin chain,  orming carbaminohemoglobin (n.b. 
NO  the same as carboxyhemoglobin. T is is hemo-
globin bound to carbon monoxide instead o  oxygen). 
T e vast majority (70%–90%) o  CO2 is transported 
as bicarbonate ions. T e wide ranges on these percent-
ages re ect the di erences between arterial and venous 
carriage o  carbon dioxide.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 55. Carbonic anhydrase catalyzes which o  the  ollowing 
reactions?

 (A) the conversion of CO2 and H2O into carbonic 
acid within the erythrocyte

 (B) the conversion o  CO2 and H2O into carbonic 
acid within the plasma

 (C) the splitting o  carbonic acid into protons and 
bicarbonate within the erythrocyte

 (D) the splitting o  carbonic acid into protons and 
bicarbonate within the plasma

 (E) the splitting o  carbonic acid into protons and 
bicarbonate within the interstitial  luid

At the tissue level, CO2 di uses out o  the cells, into 
the interstitial  uid, and into the capillaries along a 
concentration gradient. Once in the blood, CO2 is 
able to combine with water to  orm H2CO3 (carbonic 
acid), which then dissociates into hydrogen ions and 
bicarbonate ions. T is reaction is very slow on its own. 
However, erythrocytes contain a high concentration o  
carbonic anhydrase, an enzyme that catalyzes the com-
bination o  CO2 with water to  orm carbonic acid at a 
rate 13,000 times  aster (Figure 3-19):

ca rbonic
anhydrase

CO2 + H2O  H2CO3      H+ + HCO3
–

FIG. 3-19. The conversion of CO2 and water to carbonic acid to 
protons and bicarbonate.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.
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 56. T e mechanism by which red blood cells maintain elec-
trical neutrality while generating bicarbonate ions is 
termed the:

 (A) sodium shi t.
 (B) potassium shi t.
 (C) calcium shi t.
 (D) phosphate shi t.
 (E) chloride shift.

CO2  reely di uses into red blood cells, whereupon it 
combines with water (in the presence o  carbonic anhy-
drase) to  orm carbonic acid. T e carbonic acid sponta-
neously dissociates into protons and bicarbonate ions. 
In response to the  alling intracellular CO2 levels, addi-
tional CO2 di uses into the cell  rom the plasma. T e 
erythrocyte cell membrane is impermeable to protons 
but does allow bicarbonate ions to pass out o  the cell. 
However, in order to maintain electrical neutrality, 
extracellular chloride ions are exchanged  or intracellu-
lar bicarbonate ions via an anion exchanger protein. 
T e intracellular chloride concentration is higher in 
venous blood than arterial blood as a result, due to 
increased partial pressures o  CO2 in venous blood.
 As a historical side-note, this mechanism is also 
known as the “Hamburger” shi t, a ter the Dutch 
physiologist Hartog Jacob Hamburger. He also devel-
oped a drug that we use  or almost every case in some 
 orm or another: normal saline.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 57. Compared to the oxyhemoglobin dissociation curve, 
the carbon dioxide dissociation curve is: 

 (A) more sigmoidal shaped.
 (B) logarithmic.
 (C) steeper in slope.
 (D) inversely related.
 (E) le t-shi ted.

T e carbon dioxide dissociation curve describes the 
relationship between the PCO2 and the whole blood 
CO2 content (in all three  orms: dissolved, as carb-
amino compounds, and as bicarbonate). In general, 
the curve is straighter (less “S-shaped”), and while it 
appears to be  airly  at in the normal physiologic range 
(Figure 3-20), it is in  act steeper than the oxygen dis-
sociation curve  or whole blood. In other words,  or 
each 1 mm Hg change in PCO2, there is a larger cor-
responding change in carbon dioxide content.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 58. T e Haldane e ect explains why: 

 (A) the oxyhemoglobin dissociation curve is  
sigmoidal.

 (B)  etal hemoglobin has a greater a  inity  or  
oxygen that adult hemoglobin.

 (C) carbon dioxide has a greater solubility than  
oxygen.

 (D) the carbon dioxide dissociation curve is sigmoidal.
 (E) deoxygenated blood can carry more carbon 

dioxide than oxygenated blood.

Carbon dioxide is carried in the blood in three  orms 
(in order o  importance):
•  as bicarbonate ions,
•  as carbamino compounds (bound to proteins in the 

blood), and 
•  dissolved in solution.
When carbon dioxide di uses out o  tissues and into 
the blood at the capillary level, much o  it will di use 
into red blood cells, where some will combine with 
water in the presence o  carbonic anhydrase to  orm 
carbonic acid and subsequently hydrogen ions and 
bicarbonate in the  ollowing reaction:

CO2 +  H2O →  H2CO3 →  H+  +  HCO3
−

Within the red blood cell, some CO2 is dissolved. 
However, most CO2 is converted into bicarbonate by 
the above reaction or is combined with the amino 
acids o  hemoglobin to  orm carbamino compounds. 
T e end result is a decrease in the concentration o  dis-
solved CO2 in the cell, which  avors increase di usion 
into the red blood cells  rom the plasma. T e decrease 
in red blood cell CO2 concentration also  avors the 
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right shi t o  the equation, and the generation o  more 
hydrogen ions and bicarbonate.
 T e Haldane e ect re ers to the relationship between 
the degree o  oxygenation o  hemoglobin and manner in 
which carbon dioxide is carried in the blood. Speci -
cally, deoxygenated hemoglobin has a much greater a n-
ity  or hydrogen ions than oxyhemoglobin. T is means 
that at the tissue level, when oxygen is being released, 
more CO2 can be carried as bicarbonate and carbamino 
compounds, hastening the elimination o  CO2  rom the 
tissues. In other words, venous blood has a greater 
capacity  or carbon dioxide (in all  orms) than oxygen-
ated arterial blood. T e equation below represents the 
Haldane e ect. At the tissue level, it is shi ted to the le t.

H+  +  HbO2 ←→  H+ Hb +  O2

In the oxygen-rich environment o  the lungs, the equation 
is reversed, and protons dissociate readily  rom hemoglo-
bin. T ese then combine with bicarbonate,  orming car-
bon dioxide which is eliminated via the alveoli.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 59. A healthy 30-year-old patient has an arterial pCO2 o  
60 mm Hg. Which o  the  ollowing would you expect 
to DECREASE in association with this lab value?

 (A) heart rate
 (B) pulmonary arterial pressure
 (C) myocardial contractility
 (D) cerebral vascular resistance
 (E) plasma norepinephrine level

Hypercarbia produces a spectrum o  physiologic 
e ects. Many o  these are related to the increase in 
plasma levels o  catecholamines that occurs in response 
to an elevated PCO2. T ese e ects include:
• Neurologic

• increased cerebral blood flow
• cerebral vasodilation (decreased cerebral vascular 

resistance)
• increased intracranial pressure
• narcosis and obtundation (PCO2 > 90 mm Hg)

• Endocrine/metabolic
• increased plasma levels of epinephrine and norepi-

nephrine
• respiratory acidosis with compensatory metabolic 

alkalosis
• decreased affinity of hemoglobin for oxygen
• hyperkalemia

• Cardiovascular
• increased contractility (indirect effect via sympa-

thetic system)
• tachycardia (indirect effect via sympathetic system)
• increased cardiac output
• increased systemic and pulmonary blood pressures
• increased incidence of cardiac arrhythmias 

• Pulmonary
• increased respiratory rate (mild hypercarbia)
• respiratory depression (PCO2 > 90 mm Hg)

Note that at high carbon dioxide tensions (> 90– 
120 mm Hg), the direct action o  hypercarbia results in 
a depressant e ect on many o  these variables, including 
cardiac output, contractility, blood pressure, level o  
consciousness, and respiratory drive. Hypercarbia also 
has the potential to alter pharmacokinetics, by multiple 
mechanisms including the altered per usion o  organs, 
and changes in ionization and protein binding.

Ref: Lumb AB. Nunn’s Applied Respiratory Physiology. 7th ed. 
Philadelphia, PA: Elsevier; 2010.

 60. Due to an error in ventilator settings, a patient’s PCO2 
is 25 mm Hg. Which o  the  ollowing is most likely to 
occur as a result? 

 (A) reduced coronary flow
 (B) decreased coronary vascular resistance
 (C) decreased oxygen extraction
 (D) decreased systemic vascular resistance
 (E) decreased myocardial contractility

Hypocarbia (PCO2 < 35 mm Hg) has a number o  
potentially deleterious e ects, primarily in the neuro-
logic and cardiovascular systems. T ese include:
• Neurologic

• Increased cerebral vascular resistance
• Decreased cerebral blood flow
• Decreased cerebral blood volume
• Decreased intracranial pressure
• Psychomotor and higher intellectual functional 

impairment
• Neonatal brain injury (multicystic encephalomalacia, 

cystic periventricular leukomalacia, ponto subicular 
necrosis, cerebral in arction, reactive hyperemia 
and hemorrhage)

• Cardiovascular
• Decrease in myocardial oxygen supply via:

• reduced coronary flow
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• reduced collateral flow
• increased coronary vascular resistance
• increased risk of coronary vasospasm
• increased platelet aggregation; thrombocytosis

• Increase in myocardial oxygen demand via:
• Increased oxygen extraction
• Increased intracellular calcium concentration; 

increased contractility
• Increased systemic vascular resistance

• Increased incidence of arrhythmias 

Ref: La ey and Kavanaugh. Hypocapnia. N Engl J Med. 
2002; 347:43.

 61. Administering high concentrations o  oxygen (hyper-
oxia) is most likely to have which o  the  ollowing e ects?

 (A) decreased systemic vascular resistance
 (B) increased heart rate
 (C) increased coronary  low
 (D) increased risk of acute lung injury
 (E) increased cerebral blood  low 

Abnormally high oxygen tensions are known to have 
several e ects on the cardiovascular system. In gen-
eral, hyperoxia causes vasoconstriction and decreased 
blood  ow in most vascular beds including the brain, 
retina, skeletal muscle, and the coronary circulation. 
Coronary vascular resistance increases up to 20% to 
40%  rom baseline, reducing coronary  ow signi -
cantly. Systemic vascular resistance is elevated, which 
leads to a re ex decrease in heart rate and cardiac out-
put o  approximately 10% each. T e retina is especially 
susceptible to hyperoxia-mediated vasoconstriction in 
the premature neonate; oxygen therapy should be 
avoided in newborns unless hypoxia is present to avoid 
retinopathy. T e mechanism  or vasoconstriction may 
be related to alternations in the bioavailability o  vaso-
active substances prostaglandins, adenosine and nitric  
oxide.
 Respiratory rate is initially decreased but quickly 
increases to above normal,  or reasons that are unclear, 
but may involve a reverse Haldane e ect (where 
oxygenated blood has a reduced a nity  or carbon 
dioxide, leading to stimulation o  the respiratory center  
 rom hypercarbia). Oxygen toxicity o  pulmonary 
tissues is a serious problem, and can develop in only a 
 ew hours a ter exposure to 100% oxygen (i.e., during 
anesthesia). Reactive oxygen species readily react with 
cell constituents such as lipids, proteins, and nucleic 

acids. T e onset o  hyperoxia and the resulting high 
levels o  reactive oxygen species can lead to overwhelm-
ing o  the hemoglobin-O2 bu ering system, oxidative 
stress, cell damage, apoptosis, and necrosis. T is results 
in an acute lung injury similar to acute respiratory dis-
tress syndrome, with alveolar injury, edema.
 On the other hand, high oxygen tensions are used 
to treat in ections such as necrotizing  asciitis, improve 
wound healing in certain settings, and to treat carbon 
monoxide poisoning. T e evidence base  or e cacy in 
these (and other) scenarios is limited however.

Ref: Sjöberg F, Singer M. T e medical use o  oxygen: A time 
 or critical reappraisal. J Int Med. 2013; 274:505–28.

 62. A 59-year-old patient with pneumonia has a room air 
arterial PaO2 o  50 mm Hg. Which o  the  ollowing 
physiologic  ndings would most likely be observed in 
this patient? 

 (A) decreased cerebral blood  low
 (B) decreased coronary blood  low
 (C) a respiratory rate o  11/min
 (D) decreased pulmonary vascular resistance
 (E) increased cardiac output

Hypoxia is a state o  inadequate oxygen supply to tis-
sues and can be either global or localized. Hypoxemia 
is de ned as an arterial PaO2 o  less than 60 mm Hg 
(SpO2 o  90%). Hypoxia is a critical event, and the 
body responds with a variety o  compensatory mecha-
nisms in an e ort to maintain cellular homeostasis and 
integrity. T ese include:
• Hyperventilation.  his response is nonlinear and 

little e  ect is noticed until the PaO2  alls below 
55 mm Hg (Figure 3-21). Maximal hyperventilation 
(o  about 40 L/min) occurs at a PaO2 o  approxi-
mately 30 mm Hg.  his response depends to a 
degree on the PaCO2 as well, with hypercapnia shi t-
ing the curve to the right.

• Increased pulmonary arterial pressure.  his 
improves the distribution o  pulmonary blood  low 
and reduces V/Q mismatch when areas o  hypoxia 
are localized. However, when all regions o  the lung 
are relatively hypoxic (e.g., when at high altitudes), 
this e  ect is deleterious and counterproductive.

• Increased cardiac output, with increased regional 
blood  low to critical organs such as the heart and 
brain.  his is principally mediated by an increase in 
sympathetic tone a  ected via chemoreceptors in the 
carotid and aortic bodies.
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• Over hours to days, the oxyhemoglobin dissociation 
curve is shi ted to the right due to an increase in 
erythrocyte 2,3-DPG. I  hypoxia is chronic, hema-
topoiesis is stimulated and circulating hemoglobin 
concentration is increased.

Ref: Lumb AB. Nunn’s Applied Respiratory Physiology. 7th ed. 
Philadelphia, PA: Elsevier; 2010.

 63. T e group o  neurons responsible  or the initiation o  
each breath are known as the: 

 (A) ventral respiratory group.
 (B) dorsal respiratory group.
 (C) medial respiratory group.
 (D) lateral respiratory group.
 (E) central respiratory group.

Breathing is an automatic activity that is primarily con-
trolled by the respiratory center in the reticular  orma-
tion o  the medulla beneath the  oor o  the  ourth ven-
tricle. T is area o  the brainstem contains two groups o  
neurons that in uence breathing: the dorsal respiratory 
group (DRG) and the ventral respiratory group (VRG). 
While there is a degree o  intermingling o  the  bers 
and hence  unction o  these two groups, it is believed 
that the DRG serves as the initiator, or pacemaker, o  
the diaphragm. T e DRG is closely associated with the 
nucleus tractus solitarius, which receives projections 
 rom the glossopharyngeal nerve, among others; this is 
the pathway by which in ormation about PO2, PCO2 
and pH  rom carotid and aortic chemoreceptors are 
carried to the respiratory center. T e neurons o  the 

VRG innervate intercostal and abdominal muscles, and 
aid in both inspiration and expiration. 
 Neurons located in the pons also exert some control 
over the respiratory center. T ese include the apneustic 
center and the pneumotaxic center, which are excit-
atory and inhibitory, respectively. T ese pontine cen-
ters probably serve to  ne tune respiration.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 64. Central respiratory chemoreceptors in the brain stem 
are stimulated by which o  the  ollowing?

 (A) plasma hydrogen ion concentration
 (B) plasma bicarbonate ion concentration
 (C) CSF hydrogen ion concentration
 (D) CSF bicarbonate ion concentration
 (E) CSF oxygen concentration

T e blood brain barrier is  reely permeable to carbon 
dioxide. Increases in PCO2 are very quickly re ected in 
the CSF (in about 60 seconds); this causes the CSF 
hydrogen ion concentration to increase, as seen by the 
equation:

CO2 +  H2O →  H2CO3 →  H+  +  HCO3
−

T is increase in hydrogen ions stimulates the central 
chemoreceptors, which in turn stimulates the  ring o  
respiratory neurons in the nearby respiratory center. 
T e central chemoreceptors are much slower to respond 
to a reduction in arterial pH caused by a metabolic aci-
dosis, since the blood-brain barrier is impermeable to 
both hydrogen and bicarbonate ions. Hypoxia does not 
trigger the central chemoreceptors.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 65. A reduction in plasma PO2 will result in the increase in 
 ring rate o  neurons  rom which o  the  ollowing locations? 

 (A) carotid body
 (B) carotid sinus
 (C) pulmonary trunk
 (D) right atrium
 (E) bronchioles

Peripheral chemoreceptors include the carotid bodies, 
located at the bi urcation o  the common carotid 
artery, and the aortic bodies which are scattered 
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throughout the aortic arch. T ese neurons have a 
baseline  ring rate, which increases in response to arte-
rial hypercarbia, hypoxemia, or acidemia. T e carotid 
bodies appear to be much more important  or driving 
ventilatory changes, whereas the aortic bodies are more 
important  or regulation o  cardiovascular re exes.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 66. Which o  the  ollowing best describes the Hering-
Breuer re ex?

 (A) rapid shallow breathing in response to pulmo-
nary vascular congestion.

 (B) the slowing of breathing with activation of  
pulmonary stretch receptors.

 (C) apnea in response to immersion o  the  ace in 
water.

 (D) hyperpnea in response to low PaO2.
 (E) hyperpnea in response to pain in an extremity.

T ere are two pulmonary re exes that have been 
described by Hering and Breuer. Both are mediated by 
pulmonary smooth muscle stretch receptors. T e  rst, 
the in ation re ex, describes the decreased respiratory 
e ort in response to sustained in ation o  the lungs. 
T e a erent pathway is via the vagus nerve. T e 
response is slowing o  the respiratory rate as well as 
bronchodilation. It is thought that this in ation re ex 
may aid in reducing the work o  breathing by inhibit-
ing large tidal volumes. 
 T e Hering-Breuer de ation re ex re ers to an 
increase in respiratory rate that is thought to be medi-
ated by a decrease in tonic stretch receptors in the 
lung. While the adaptive bene t o  this is not entirely 
clear, it may be that this re ex serves to produce peri-
odic “sighs” that help prevent atelectasis.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 67. Which o  the  ollowing would be expected to cause a 
le t shi t in the carbon dioxide response curve?

 (A) normal physiologic sleep
 (B) opioids
 (C) chronic obstruction
 (D) metabolic acidosis
 (E) sevo lurane anesthesia with a MAC o  1.0

T e normal carbon dioxide response curve is shown in 
Figure 3-22. T e slope o  the curve in an awake, nor-
mal individual is linear and quite steep. In other words, 
small increases in PaCO2 will serve to rapidly increase 
alveolar ventilation to correct the hypercarbic state. 
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FIG. 3-22. The effects of sleep, narcotics, chronic obstructive pulmonary 
disease, deep anesthesia, and metabolic acidosis on the ventilatory 
response to carbon dioxide. (Reproduced with permission from Levitzky 
MG. Pulmonary Physiology. 8th ed. New York, NY: McGraw Hill; 2013.)

 Sleep normally increases the PCO2 by approxi-
mately 5 mm Hg, which shi ts the curve to the right. 
T is means that  or a given PCO2, the respiratory rate 
will be lower than the awake individual. T is may play 
a role in central sleep apnea. Both anesthetics and opi-
oid drugs are power ul depressants o  the CO2 response 
curve. Chronic obstruction is known to have a 
decreased response to CO2, probably due to chronic 
hypercarbia as well as the increased work o  breathing 
required to normalize the PCO2.
 Metabolic acidosis shi ts the curve to the le t, so 
that  or a given PCO2, the minute ventilation will be 
greater. Hypoxia (see question 49) is also a potent 
stimulant o  the CO2 response curve.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 68. Which o  the  ollowing vasoactive substances is largely 
inactivated by the lung?

 (A) dopamine
 (B) epinephrine
 (C) histamine
 (D) oxytocin
 (E) serotonin
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A ter injection into the venous circulation, many drugs 
are taken up by the cells in the pulmonary paren-
chyma, a phenomenon known as “ rst-pass pulmo-
nary extraction.” Many drugs used in common anes-
thetic practice exhibit  rst pass uptake into the lungs, 
including local anesthetics, opioids and induction 
agents ( able 3-5). By and large, these are not elimi-
nated  rom the circulation by the lungs, but rather are 
a temporary depot  or eventual reuptake by the blood 
when the concentration gradient reverses to  avor 
redistribution. An exception to this is methadone, 
which is metabolized to a certain degree in the lung. 
Neuromuscular blocking agents such as rocuronium 
and vecuronium are not taken up in any appreciable 
quantity by the pulmonary tissues.
 Metabolism o  circulating vasoactive substances by 
the lungs is common. A number o  vasoactive substances 
are inactivated or removed  rom the circulation by the 
endothelium o  the pulmonary blood vessels. Since the 
sur ace area o  this vascular bed is so large, these processes 
are very e cient—some prostaglandins,  or example,  
are almost completely removed  rom the circulation in 
one pass through the pulmonary bed. Leukotrienes,  
serotonin, bradykinin, and angiotensin I are also either 
largely removed or metabolized in a single pass. Other 
substances, including histamine, epinephrine, isoproter-
enol, dopamine, angiotensin II, vasopressin, and oxyto-
cin, are essentially una ected and are trans erred through 
to the systemic circulation.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 69. Which o  the  ollowing is NO  a physiologic conse-
quence o  cigarette smoking?

 (A) decreased FEV1

 (B) small airway narrowing

 (C) le t shi t o  the oxyhemoglobin dissociation curve
 (D) arterial hypertension
 (E) decreased platelet aggregation and primary 

clot failure

Smoking exerts deleterious e ects on multiple organ 
systems. Chronic obstructive pulmonary disease, can-
cer, coronary artery, and cerebral and peripheral vascu-
lar disease are very common diseases related to long-
term use. However, there are also more immediate 
physiologic e ects including:
• increased mucus production and decreased muco-

ciliary transport,
• increased productive cough,
• decrease in FEV1 and MEFR25,

• small airway narrowing and increased airway reactivity,
• increased carbon monoxide levels and left shift of the 

oxyhemoglobin dissociation curve (limiting oxygen 
availability to tissues),

• decreased lower esophageal sphincter tone,
• increased platelet aggregation,
• increased sympathetic activation due to nicotine, 

leading to arterial hypertension, vasoconstriction, 
tachycardia, and a small but short-lasting increase 
(10%) in metabolic rate, and

• decreased wound healing and increased rate of 
wound in ection and dehiscence, likely secondary to 
vasoconstriction.

Ref: Lumb AB. Nunn’s Applied Respiratory Physiology. 7th ed. 
Philadelphia, PA: Elsevier; 2010.

 70. Which o  the  ollowing is INCREASED  or patients 
who have quit smoking prior to anesthesia, compared 
to current smokers? 

 (A) the risk o  ICU admission postoperatively
 (B) the P50 of the oxyhemoglobin dissociation 

curve
 (C) the risk o  pneumonia
 (D) the risk o  laryngospasm
 (E) the sputum volume

Smoking cessation prior to anesthesia has been shown 
to con er a reduced risk o  respiratory  ailure, 
postoperative ICU admission, pneumonia, and 
laryngospasm. It is clear that compared to nonsmok-
ers, current smokers are at signi cantly higher risk  or 
postoperative pulmonary complications. What is less 
clear is the best timing to stop smoking: older evidence 

TABLE 3-5. Drugs that undergo f rst pass pulmonary 
extraction.

Drug  Approximate degree o  f rst pass extraction

Lidocaine  30%–40%
Bupivacaine  5%–10%
Morphine  30%
Meperidine > 90%
Fentanyl > 90%
Sufentanil  60%
Alfentanil  10%–60%
Thiopental  15%
Propofol  30%

Ref: Boer F. Drug handling by the lungs. Br J Anaesth. 2003;91:50–60.

MCGH380-CH03_087-130.indd   128  12/09/16   4:09 PM



Answers: 69–70  129

suggested that quitting less than 8 weeks prior to car-
diac surgery resulted in increased mucociliary 
transport, sputum production, and a  our old risk o  
increased pulmonary complications. T is has since 
been re uted by more recent studies and it seems as i  
smoking cessation at ANY time prior to surgery does 
not increase the risk o  pulmonary complications com-
pared to patients who continue to smoke. Quitting 
2 weeks ahead o  time appears to decrease the amount 

o  mucus produced, and even quitting 24 to 48 hours 
in advance decreases carbon monoxide levels signi -
cantly and shi ts the oxyhemoglobin dissociation curve 
to the right, increasing the ability o  hemoglobin to 
deliver oxygen to the tissues.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.
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131

 CHAPTER 4

Cardiovascular Anatomy and Physiology

 1. Which o  the  ollowing statements regarding normal 
cardiac anatomy is  RUE?

 (A)  he pulmonic valve is attached by chordae ten-
dinae to the right ventricle.

 (B)  he coronary sinus empties into the le t atrium.
 (C) A patent  oramen ovale is  ound in 25% to 30% 

o  adults.
 (D)  he ligamentum arteriosum connects the aorta 

to the pulmonary vein.
 (E)  he root o  the aorta is positioned between the 

le t auricle and the pulmonary trunk.

 2. Which o  the  ollowing coronary vessels supplies the 
majority o  the interventricular septum? 

 (A) le t coronary artery
 (B) le t circum lex artery
 (C) le t anterior descending artery
 (D) right coronary artery
 (E) posterior descending artery

 3. T e le t recurrent laryngeal nerve loops around which 
major vessel in the mediastinum? 

 (A) aorta
 (B) superior vena cava
 (C) le t brachiocephalic vein
 (D) le t subclavian artery
 (E) le t pulmonary artery

 4. Which o  the  ollowing statements BES  describes the 
 unction o  the cardiac skeleton? 

 (A) It provides an anchor  or the chordae tendinae 
to attach.

 (B) It is the same structure as the  ibrous pericardium.
 (C) It provides a  ramework  or the coronary arteries 

and veins.
 (D) It electrically insulates the atria  rom the ventricles.
 (E) It prevents excessive torsion o  the heart during 

systole.

 5. T e cardiomyocytes o  the apex o  the heart are MOS  
likely innervated by which branch o  the conducting 
system? 

 (A) the bundle o  His
 (B) the right bundle branch
 (C) the le t septal  ascicle
 (D) the le t anterior  ascicle
 (E) the le t posterior  ascicle

 6. Which o  the  ollowing organs receives the MOS  
cardiac output at rest? 

 (A) heart
 (B) lungs
 (C) brain
 (D) kidneys
 (E) liver
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 7. An anesthesiology resident, on a hiking vacation in the 
Paci c Northwest, comes  ace to  ace with a large griz-
zly bear. A “ ght-or- ight” response ensues. How does 
sympathetic activation alter the intrinsic heart rate o  
the sinoatrial (SA) node? 

 (A) It increases permeability o  resting membrane to K+ .
 (B) It causes hyperpolarization o  resting membrane 

potential.
 (C) It releases acetylcholine.
 (D) It decreases threshold potential o  SA nodal cells.
 (E) It increases permeability o  resting membrane to 

Na+  and Ca2+ .

 8. During a cardiac cycle, the beginning o  isovolumetric 
contraction corresponds to which o  the  ollowing 
events? 

 (A) closure o  atrioventricular valves
 (B) V wave on venous pulse 
 (C) opening o  aortic valve
 (D) P wave on ECG
 (E) peak aortic blood  low

 9. T e sinoatrial (SA) node rhythmically discharges. In 
phase 4 o  the action potential, the ‘‘pacemaker poten-
tial’’ declines until the depolarization threshold is 
reached and the next impulse is triggered. During the 
late stages o  phase 4, which o  the  ollowing currents 
(I) is most predominant?

 (A) I 

 (B) ICaL

 (C) ICa 

 (D) IK

 (E) INa

 10. Which o  the  ollowing cardiac events does the PR 
interval o  the ECG correspond to?

 (A) atrial depolarization
 (B) ventricular depolarization 
 (C) plateau phase o  ventricular depolarization
 (D) atrial depolarization and AV nodal conduction
 (E) ventricular repolarization

 11. Which o  the  ollowing cardiac tissues has the slowest 
rate o  conduction?

 (A) tract o  Wenckebach
 (B) AV node
 (C) bundle o  His
 (D) Purkinje system
 (E) ventricular muscle

 12. A curve o  le t ventricular pressure vs. time is depicted 
in Figure 4-4 below. Which part o  the le t ventricular 
pressure-time curve represents the maximal rate o   orce 
development by the ventricle?
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FIG. 4-4. Left ventricular pressure-time curve.

 (A) A
 (B) B
 (C) C
 (D) D
 (E) E

 13. T e Frank-Starling law o  the heart describes the rela-
tionship between cardiac output and which o  the  ol-
lowing variables?

 (A) le t ventricular contractility
 (B) heart rate 
 (C) cardiac rhythm
 (D) le t ventricular end-diastolic volume
 (E) le t ventricular compliance
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 14. How does an increase in a terload af ect the Frank-
Starling curve?

 (A) Shi ts curve down and to the le t.
 (B) Shi ts curve down and to the right.
 (C) Shi ts curve up and to the le t.
 (D) Shi ts curve up and to the right.
 (E) No change.

 15. Which phase o  the cardiac cycle is associated with the 
greatest proportion o  myocardial oxygen consumption?

 (A) rapid ventricular ejection
 (B) atrial systole
 (C) isovolumetric contraction
 (D) rapid ventricular  illing
 (E) isovolumetric relaxation

 16. Le t ventricular wall stress or tension is a determinant o  
myocardial oxygen utilization. Which o  the  ollowing 
changes will reduce myocardial oxygen demand the most?

 (A) increasing le t ventricular radius
 (B) increasing le t ventricular pressure
 (C) increasing le t ventricular wall thickness
 (D) increasing le t ventricular stroke volume
 (E) increasing heart rate

 17. Which o  the  ollowing assessments o  le t ventricular 
 unction is independent o  preload and a terload?

 (A) cardiac output
 (B) ejection  raction
 (C) wall stress
 (D) maximum dP/dt
 (E) end-systolic elastance

 18. An increase in which o  the  ollowing parameters will 
cause a decrease in cardiac output?

 (A) heart rate
 (B) contractility
 (C) a terload
 (D) preload
 (E) stroke volume

 19. Le t ventricular diastolic dys unction is most likely 
indicated by which o  the  ollowing  ndings?

 (A) Doppler echocardiography showing increased 
 low velocities across the aortic valve during 
diastole

 (B) Doppler echocardiography o  mitral in low with 
increased E wave and reduced A wave

 (C) tissue Doppler echocardiography o  mitral annu-
lar velocities with e’ wave greater than a’ wave

 (D) ECG with widened QRS in V1
 (E) radionuclide study showing ejection  raction o  

35%

 20. Venous return may be augmented by:

 (A) increasing central venous pressure.
 (B) increasing intrathoracic pressure.
 (C) decreasing peripheral venous pressure.
 (D) decreasing venous resistance.
 (E) decreasing peripheral venous volume.

 21. In comparison to control o  arteriolar tone, which o  
the  ollowing  actors is a major determinant o  only 
venous tone? 

 (A) basal tone
 (B) sympathetic mediated vasoconstriction
 (C) external compression
 (D) vasodilating metabolites
 (E) active myogenic response

 22. Positive pressure ventilation (PPV) and PEEP can af ect 
venous return. Which o  the  ollowing mechanisms 
explains how PPV and PEEP may increase venous return?

 (A) increasing intra-abdominal pressure
 (B) increasing intra-abdominal vascular capacitance
 (C) increasing right atrial pressure
 (D) increasing intra-thoracic pressure
 (E) decreasing RV  illing

 23. Approximately what percentage o  total circulating 
blood volume is contained in venules and veins?

 (A) 2%
 (B) 5%
 (C) 12%
 (D) 20%
 (E) 60%
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 24. Pulse pressure is indirectly proportional to which o  the 
 ollowing variables? 

 (A) heart rate
 (B) stroke volume
 (C) total peripheral resistance
 (D) arterial compliance
 (E) cardiac output

 25. Mean arterial pressure (MAP) can be calculated by 
which o  the  ollowing  ormulas?

 (A) MAP =  cardiac output ×  total peripheral resistance
 (B) MAP =  systolic pressure -  diastolic pressure
 (C) MAP =  diastolic pressure +  2/3(systolic pressure 

-  diastolic pressure)
 (D) MAP =  stroke volume ×  heart rate
 (E) MAP =  80 ×  (systolic pressure -  central 

venous pressure)/cardiac output

 26. A pulmonary artery catheter is placed in a surgical 
patient  or intraoperative monitoring. For a normal 
patient, which o  the  ollowing values is typically indic-
ative o  correct placement in the pulmonary artery?

 (A) mean < 5 mm Hg 
 (B) 25/5 mm Hg
 (C) 25/10 mm Hg
 (D) 130/8 mm Hg
 (E) 135/80 mm Hg

 27. Which o  the  ollowing changes will result in a decrease 
in pulmonary vascular resistance (PVR)?

 (A) increased lung volume above FRC
 (B) increased pulmonary blood volume
 (C) increased blood viscosity
 (D) increased alveolar pressure 
 (E) increased interstitial pressure

 28. Which o  the  ollowing causes o  hypotension is the 
result o  decreased systemic vascular resistance (SVR)?

 (A) tension pneumothorax
 (B) cardiac tamponade
 (C) myocardial in arction
 (D) hemorrhage
 (E) liver  ailure

 29. A patient’s mean blood pressure remains the same, at 
approximately 80 mm Hg, while the pulse pressure 
increases. T is increase in pulse pressure will af ect 
baroreceptors in the carotid sinus and aortic arch result-
ing in which o  the  ollowing changes?

 (A) increase in rate o  discharge  rom the  
baroreceptors

 (B) pro ound bradycardia and hypotension (Bezold-
Jarisch re lex)

 (C) excitation o  sympathetic nerves  acilitating 
long-term control o  blood pressure

 (D) baroreceptor activity will only be elicited i  mean 
blood pressure < 50 mm Hg

 (E) no change in baroreceptor  iring, as barorecep-
tors are more sensitive to changes in mean blood 
pressure rather than pulse pressure

 30.  issue edema due to heart  ailure is a result o :

 (A) decreased Starling  orces.
 (B) increased capillary hydrostatic pressure.
 (C) increased capillary oncotic pressure.
 (D) increased interstitial oncotic pressure.
 (E) increased interstitial hydrostatic pressure.

 31. Laminar blood  ow in blood vessels will occur up to a 
critical velocity, then  ow becomes turbulent. T e 
probability o  this can be expressed by which o  the 
 ollowing?

 (A) Reynolds number
 (B) shear stress
 (C) Poiseuille-Hagen  ormula
 (D) viscosity
 (E) Law o  Laplace

 32. Which o  the  ollowing changes will increase coronary 
per usion pressure the most?

 (A) increased le t ventricular end diastolic pressure
 (B) increased aortic diastolic pressure
 (C) increased heart rate
 (D) increased time in systole
 (E) increased aortic systolic pressure
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 33. In zone 1 o  the lung, the relative ef ects o  gravity and 
alveolar pressure on lung per usion are best expressed as:

 (A) PA >  Pa >  Pv

 (B) Pa >  PA >  Pv 

 (C) Pa >  Pv >  PA

 (D) Pv >  PA >  Pa

 (E) PA >  Pv >  Pa

 34. Which part o  the renal vasculature plays a role in counter- 
current exchange and regulating water balance?

 (A) glomerulus
 (B) vasa recta
 (C) a  erent arteriole
 (D) e  erent arteriole
 (E) arcuate arteries

 35. Which organ, at rest, extracts approximately 70% to 
75% o  the oxygen in the blood that  ows through it?

 (A) heart
 (B) skeletal muscle
 (C) liver
 (D) kidneys
 (E) brain

 36. In an otherwise healthy patient, which o  the  ollowing 
 actors will decrease cerebral blood  ow?

 (A) decrease in MAP to 65 mm Hg
 (B) hyperventilation
 (C) hyperthermia
 (D) pain
 (E) volatile anesthetics

 37. Uteroplacental blood  ow changes dramatically as 
pregnancy progresses. Vessels vasodilate and undergo 
circum erential growth. Which o  the  ollowing is 
implicated as the key  actor  or circum erential enlarge-
ment o  uterine vessels?

 (A) 17β -estradiol
 (B) VEGF
 (C) angiotensin II
 (D) norepinephrine
 (E) shear stress

 38. Endogenous vasopressin is involved in a variety o  
homeostatic  eedback mechanisms. Which o  the  ol-
lowing  actors will decrease vasopressin secretion?

 (A) pain
 (B) angiotensin II
 (C) increased extracellular  luid (ECF) volume
 (D) increased plasma osmolality
 (E) carbamazepine

 39. Which o  the  ollowing will cause an increase in renin 
secretion by the kidneys?

 (A) increased a  erent arteriole blood pressure
 (B) increased Na+  and Cl-  in the distal renal tubules
 (C) norepinephrine
 (D) vasopressin
 (E) angiotensin II

 40. Which o  the  ollowing hormones will directly increase 
sodium and water retention by the kidneys?

 (A) renin
 (B) angiotensin I
 (C) aldosterone
 (D) bradykinin
 (E) ANP

 41. A patient is given a large intravenous  uid bolus o  
isotonic saline and their extracellular  uid (ECF) vol-
ume expands. Which o  the  ollowing hormones is 
most likely to be released  ollowing activation o  recep-
tors in the ventricles o  the heart?

 (A) ANP
 (B) BNP
 (C) CNP
 (D) vasopressin
 (E) renin
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Answers and Explanations: 
Cardiovascular Anatomy and Physiology

 1. Which o  the  ollowing statements regarding normal 
cardiac anatomy is  RUE?

 (A)  he pulmonic valve is attached by chordae ten-
dinae to the right ventricle.

 (B)  he coronary sinus empties into the le t atrium.
 (C) A patent foramen ovale is found in 25% to 

30% of adults.
 (D)  he ligamentum arteriosum connects the aorta 

to the pulmonary vein.
 (E)  he root o  the aorta is positioned between the 

le t auricle and the pulmonary trunk.

T e aortic and pulmonic valves are semilunar valves, 
with three cusps each. T ey are positioned at the base 
o  the aorta and pulmonary trunk, respectively, and 
allow blood  ow out o  the ventricles. Closure o  these 
valves at the end o  systole by back pressure in the aorta 
and pulmonary trunk causes the second heart sound. 
T ere are no chordae tendinae attached to the semilu-
nar valves; these structures connect the papillary mus-
cles o  the le t and right ventricles to the cusps o  the 
mitral and tricuspid valves, respectively.
 T e coronary sinus, the major drainage vessel o  the 
heart, empties into the right atrium between the in e-
rior vena cava and the tricuspid valve on the in erior 
aspect o  the interatrial septum. Its valve is termed the 
T ebesian valve.
 Both autopsy and transesophageal echocardiographic 
studies have  ound a prevalence o  patent  oramen ovale 
o  approximately 25% to 30%. T ere appear to be no 
dif erence in prevalence rates between males and  emales. 
In patients with cryptogenic stroke, PFO prevalence is 
higher, between 40% and 45%.
 T e ligamentum arteriosum is the  brous remains 
o  the embryonic ductus arteriosus, a shunt that allows 
blood entering the pulmonary trunk to  ow to the 
aorta prior to birth, as resistance to  ow within the 
pulmonary system is high. It becomes  brosed within 
three weeks o  birth.

 T e aortic root is positioned in between the right 
auricle and the pulmonary trunk. T e right auricle is 
located on the opposite side o  the pulmonary trunk.

Ref: Fuster V, Walsh R, Harrington R. Hurst’s T e Heart. 
13th ed. New York, NY: McGraw Hill; 2011. 

 2. Which o  the  ollowing coronary vessels supplies the 
majority o  the interventricular septum? 

 (A) le t coronary artery
 (B) le t circum lex artery
 (C) left anterior descending artery
 (D) right coronary artery
 (E) posterior descending artery

T e le t and right coronary arteries arise  rom the le t 
and right coronary sinus o  the aortic root, respectively. 
T ese epicardial arteries traverse the sur ace o  the 
heart, with the main branches located in the interven-
tricular and atrioventricular sulci (Figure 4-1). T e le t 
coronary artery (LCA) gives rise to the le t anterior 
descending (LAD), which travels down the anterior 
interventricular groove to the apex o  the heart be ore 
continuing around the apex and up the posterior inter-
ventricular groove a variable distance, where it meets 
the posterior descending artery (PDA). T e LAD sup-
plies the anterior walls o  both ventricles, the apex, and 
the anterior two thirds o  the intraventricular septum.
 T e circum ex artery is a branch o  the LCA that 
wraps around the heart between the le t atrium and ven-
tricle. T e circum ex artery supplies the SA node in about 
45% o  people by sending a branch to the right atrium.
 T e right coronary artery (RCA) emerges between 
the pulmonary trunk and the right auricle, and runs in 
the coronary sulcus to the posterior aspect o  the heart 
where it anastomoses with the circum ex branch o  
the LCA. It supplies the right atrium and ventricle, the 
SA node in 55% o  people via the sinoatrial nodal 
branch, and the posterior one third o  the intraven-
tricular septum via the posterior descending artery. 
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 In roughly 15% o  people, the posterior descending 
artery originates  rom the le t circum ex artery. T is is 
important because it means that the entire le t ventri-
cle (including all o  the septum) is supplied by the le t 
coronary artery. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 3. T e le t recurrent laryngeal nerve loops around which 
major vessel in the mediastinum? 

 (A) aorta
 (B) superior vena cava
 (C) le t brachiocephalic vein
 (D) le t subclavian artery
 (E) le t pulmonary artery

T e le t and right recurrent laryngeal nerves are branches 
o  the vagus nerves. T e vagus nerves exit the carotid 
sheaths and descend into the thorax be ore giving rise to 
recurrent branches, which loop back superiorly between 
the trachea and esophagus. T ey then ascend to supply 
all o  the intrinsic muscles o  the larynx, except the 
cricothyroid muscles.
 T e right recurrent laryngeal nerve hooks around 
the right subclavian artery; the le t hooks around the 
aortic arch, to the le t o  the ligamentum arteriosum. 
T is dif erence is due to a quirk o  embryology. T e 

arteries o  the  ourth pharyngeal arches are the right 
subclavian and the le t-sided aortic arch. During  etal 
development, the recurrent laryngeal nerves, which 
originate  rom the sixth pharyngeal arch, are dragged 
down into the chest as the great arteries take their posi-
tion. Because the aortic arch is located  urther caudad, 
the le t recurrent laryngeal nerve is  orced to take a 
longer course to reach the larynx.

Ref: Fuster V, Walsh R, Harrington R. Hurst’s T e Heart. 
13th ed. New York, NY: McGraw Hill; 2011.

 4. Which o  the  ollowing statements BES  describes the 
 unction o  the cardiac skeleton? 

 (A) It provides an anchor  or the chordae tendinae 
to attach.

 (B) It is the same structure as the  ibrous pericardium.
 (C) It provides a  ramework  or the coronary arteries 

and veins.
 (D) It electrically insulates the atria from the  

ventricles.
 (E) It prevents excessive torsion o  the heart during 

systole.

T e cardiac skeleton is a dense  brous connective tis-
sue structure that surrounds and supports the valves, 
provides an anchor  or cardiomyocytes  rom both the 
atria and the ventricles, and importantly, electrically 
insulates the atria  rom the ventricles, thereby prevent-
ing uncoordinated conduction o  atrial impulses to the 
ventricular muscle. T e collagen in the  brous rings 
that surround all  our valves (Figure 4-2) inhibits the 
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FIG. 4-1. Normal coronary anatomy. (Reproduced with permission 
from Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.)
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FIG. 4-2. A transverse section through the heart, showing the 
cardiac skeleton, the four valves, and the atrioventricular (AV) 
node. AV =  aortic valve, MV =  mitral valve, PV =  pulmonary 
valve, TV =  tricuspid valve.

Answers: 1–4  137

MCGH380-CH04_131-152.indd   137  19/09/16   3:13 PM



138  4: Cardiovascular Anatomy and Physiology

transmission o  electrical signals. T e only electrical 
conduit between atria and ventricles is the AV node.

 5. T e cardiomyocytes o  the apex o  the heart are MOS  
likely innervated by which branch o  the conducting 
system? 

 (A) the bundle o  His
 (B) the right bundle branch
 (C) the le t septal  ascicle
 (D) the le t anterior  ascicle
 (E) the left posterior fascicle

Normal cardiac muscle cells do not depolarize sponta-
neously but require electrical activation by a cardiac 
conducting system. Generation o  the normal (“sinus”) 
impulse begins in the sinoatrial (SA) node, which is 
located in the right atrium at the junction o  the supe-
rior vena cava. T e atrioventricular (AV) node is 
located in the interatrial septum and extends through 
the cardiac skeleton, transmitting the electrical 
impulses through to the bundle o  His. T e SA and AV 
nodes are connected by three bundles o  atrial  bers 
that are able to conduct action potentials more rapidly 
than the muscle cells themselves. T ese internodal 
pathways are termed the anterior, middle, and poste-
rior tracts.
 At the top o  the interventricular septum, the bun-
dle o  His divides into right and le t bundle branches, 

which run down the subendocardium o  each ven-
tricular septal wall and end by giving rise to Purkinje 
 bers (Figure 4-3). T ese  bers conduct the action 
potential to all parts o  the ventricular myocardium. 
T e le t common bundle splits early into an anterior 
 ascicle, which runs along the anterior aspect o  the 
upper le t ventricle, and the posterior  ascicle, which 
continues down the septum to the apex. A third le t 
 ascicle, the septal  ascicle, is present in approximately 
two thirds  o  people, and i  present runs down the 
septum.

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 6. Which o  the  ollowing organs receives the MOS  
cardiac output at rest? 

 (A) heart
 (B) lungs
 (C) brain
 (D) kidneys
 (E) liver

In the absence o  an intracardiac shunt, the lungs 
receive 100% o  cardiac output, since the entire stroke 
volume o  the right ventricle passes through the pul-
monary system. Cardiac output to other organs is 
summarized in  able 4-1.
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FIG. 4-3. Conducting system of the heart. Left: Anatomical depiction of the human heart with additional focus on areas of 
the conduction system. Right: Typical transmembrane action potentials for the SA and AV nodes, other parts of the 
conduction system, and the atrial and ventricular muscles are shown along with the correlation to the extracellularly recorded 
electrical activity, that is, the electrocardiogram (ECG). The action potentials and ECG are plotted on the same time axis but 
with different zero points on the vertical scale for comparison. LAF, left anterior fascicle. (Reproduced with permission from 
Barrett KE, Boitano S, Barman SM, Brooks HL. Ganong’s Review of Medical Physiology. 24th ed. New York, NY: McGraw Hill; 2012.)
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 7. An anesthesiology resident, on a hiking vacation in the 
Paci c Northwest, comes  ace to  ace with a large griz-
zly bear. A “ ght-or- ight” response ensues. How does 
sympathetic activation alter the intrinsic heart rate o  
the sinoatrial (SA) node? 

 (A) It increases permeability o  resting membrane to K+ .
 (B) It causes hyperpolarization o  resting membrane 

potential.
 (C) It releases acetylcholine.
 (D) It decreases threshold potential o  SA nodal cells.
 (E) It increases permeability of resting membrane 

to Na+  and Ca2+ .

Sympathetic activation o  the sinoatrial node increases 
permeability o  the resting membrane to Na+  and 
Ca2+ .
 T e sympathetic and parasympathetic nervous sys-
tems are the primary in uences on the intrinsic heart 
rate o  the sinoatrial (SA) node.
 Sympathetic activation via norepinephrine increases 
automaticity o  the SA node (positive chronotropic 
ef ect). At a cellular level, norepinephrine acts via β 1 
receptors and Gs proteins to increase intracellular 
cAMP and ultimately increases permeability o  the 
resting membrane to Na+  and Ca2+  (I , “ unny cur-
rent”). T is increase in the rate o  depolarization, as 
re ected by increased phase 4 slope o  the action 
potential, causes the heart rate to increase.
 Parasympathetic activation via acetylcholine 
decreases automaticity o  the SA node (negative chro-
notropic ef ect). T e human heart is under tonic para-
sympathetic control as the intrinsic heart rate o  the SA 
node is approximately 100 beat/minute. At a cellular 
level, acetylcholine increases permeability o  the resting 
membrane to K+  and decreases the I .  ogether, this 
results in hyperpolarization o  the resting membrane 
potential and decreases the rate o  depolarization 
(decreased phase 4 slope o  the action potential).

 Note, the threshold potential o  SA nodal cells (i.e., 
the membrane potential required  or depolarization), 
is not altered by autonomic activity.

Ref: Mohrman DE, Heller LJ. Cardiovascular Physiology.  
8th ed. New York, NY: McGraw Hill; 2014.

 8. During a cardiac cycle, the beginning o  isovolumetric 
contraction corresponds to which o  the  ollowing 
events? 

 (A) closure of atrioventricular valves
 (B) V wave on venous pulse 
 (C) opening o  aortic valve
 (D) P wave on ECG
 (E) peak aortic blood  low

T e cardiac cycle describes changes in the ventricles 
(such as pressure,  ow, volume, ECG, and ausculta-
tory events) over time. T ere are seven speci c time 
periods:

 1. Atrial systole
 2. Isovolumetric contraction
 3. Rapid ejection
 4. Reduced ejection
 5. Isovolumetric relaxation
 6. Rapid ventricular  lling
 7. Diastasis (reduced ventricular  lling)

Isovolumetric contraction re ers to the time period 
when the atrioventricular valves (mitral, tricuspid) 
close and the aortic valve opens. It signals the initia-
tion o  ventricular systole, is associated with the  rst 
heart sound (S1), and the R and S waves o  the 
ECG.
 Other prominent events o  the cardiac cycle include:

 1.  Atrial systole: P wave o  the ECG, and the a wave 
o  the venous pulse.

 2.  Rapid ejection: a ter opening o  the aortic valve, 
rapid aortic blood  ow, rapid increase in ventricu-
lar pressure, rapid decrease in ventricular volume, c 
wave o  the venous pulse.

 3.  Reduced ejection:   wave o  the ECG,  rom period 
o  peak ventricular pressure until aortic valve clos-
es, rapid decrease in aortic blood  ow.

 4.  Isovolumetric relaxation: a ter closure o  the aortic 
valve until the mitral valve opens, signals the initia-
tion o  ventricular diastole, rapid decrease in ven-
tricular pressure, associated with lowest ventricular 
volume, second heart sound (S2), and v wave o  
venous pulse.

TABLE 4-1. Proportion of cardiac output delivered to 
various organ systems at rest.

Organ  Cardiac output

Skeletal muscle  15–20%
Kidneys  20%
Heart  4–5%
Brain  15%
Skin  4–5%
Liver  6%
Gastrointestinal system, spleen  20%
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140  4: Cardiovascular Anatomy and Physiology

 5.  Rapid ventricular  lling: a ter mitral opens, associated 
with rapid ventricular  lling and reduced ventricular 
pressure due to continued ventricular relaxation. May 
be associated with third heart sound (S3).

 6.  Reduced ventricular  lling (diastasis): associated 
with slow increase in ventricular pressure and vol-
ume, ends with onset o  atrial systole and P wave 
o  ECG.

Ref: Fuster V, Walsh R, Harrington R. Hurst’s T e Heart. 
13th ed. New York, NY: McGraw Hill; 2011. 

 9. T e sinoatrial node (SA node) rhythmically discharges. 
In phase 4 o  the action potential, the ‘‘pacemaker 
potential’’ declines until the depolarization threshold is 
reached and the next impulse is triggered. During the 
late stages o  phase 4, which o  the  ollowing currents 
(I) is most predominant?

 (A) I 

 (B) ICaL

 (C) ICaT

 (D) IK 
 (E) INa

T e ICa  is the principal current responsible  or the late 
stages o  phase 4 o  the SA node action potential.
 T e SA node action potential is made up o  3 phases 
(compared to phases 0–4  or action potentials in ven-
tricular muscle). T e principal current responsible  or 
each phase o  the SA node action potential is as 
 ollows:
• Phase 0: L-type Ca2+  channels (long-lasting) open 

and cause depolarization.
• Phase 3: At the peak o  depolarization, outward K+  

current (IK) initiates depolarization.
• Phase 4: Hyperpolarization activates a channel per-

meable to both Na+  and K+ , which produces the 
“ unny current’”(I ).  his initiates the depolariza-
tion o  the “pacemaker potential.”  he late stages o  
this phase involve activation o   -type Ca2+  chan-
nels (transient-lasting).  he ICa  completes phase 4 
and ends with the threshold  or the next action 
potential.

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 10. Which o  the  ollowing cardiac events does the PR 
interval o  the ECG correspond to?

 (A) atrial depolarization
 (B) ventricular depolarization 
 (C) plateau phase o  ventricular depolarization
 (D) atrial depolarization and AV nodal conduction
 (E) ventricular repolarization

T e PR interval corresponds to atrial depolarization 
and AV nodal conduction.
 T e electrocardiogram (ECG) is a measure o  the elec-
trical activity o  the heart. T e P wave represents atrial 
depolarization. T e QRS complex represents ventricular 
depolarization, while the   wave represents ventricular 
repolarization. T e S  segment corresponds to the pla-
teau phase o  ventricular depolarization. T e Q  interval 
corresponds to ventricular systole.
Refs: Fuster V, Walsh R, Harrington R. Hurst’s T e Heart. 

13th ed. New York, NY: McGraw Hill; 2011.
Mohrman DE, Heller LJ. Cardiovascular Physiology. 8th ed. 

New York, NY: McGraw Hill; 2014.

 11. Which o  the  ollowing cardiac tissues has the slowest 
rate o  conduction?

 (A) tract o  Wenckebach
 (B) AV node
 (C) bundle o  His
 (D) Purkinje system
 (E) ventricular muscle

T e AV node has the slowest rate o  conduction 
(0.05 m/s) o  any o  the listed cardiac tissues. Conduc-
tion rates  or other cardiac tissues are:
• SA node =  0.05 m/s
• Atrial pathways (e.g., tract o  Wenckebach) =  1 m/s
• Bundle o  His =  1 m/s
• Purkinje system =  4 m/s
• Ventricular muscle =  1 m/s
Atrial depolarization  rom the SA node to the AV node 
is  ast (~0.1 second). T e AV node is relatively slow 
and delays conduction to the ventricles by an addi-
tional 0.1 second. T is is important to ensure atrial 
contraction is complete be ore ventricular contraction 
begins and it also prevents rapid atrial rhythms  rom 
being transmitted to the ventricles.
Ref: Mohrman DE, Heller LJ. Cardiovascular Physiology.  

8th ed. New York, NY: McGraw Hill; 2014.
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 12. A curve o  le t ventricular pressure vs. time is depicted 
in Figure 4-4 below. Which part o  the le t ventricular 
pressure-time curve represents the maximal rate o   orce 
development by the ventricle?

 13. T e Frank-Starling law o  the heart describes the  
relationship between cardiac output and which o  the 
 ollowing variables?

 (A) le t ventricular contractility
 (B) heart rate 
 (C) cardiac rhythm
 (D) left ventricular end-diastolic volume
 (E) le t ventricular compliance

T e Frank-Starling law o  the heart describes the rela-
tionship between cardiac output (or stroke volume) 
and le t ventricular end-diastolic volume (LVEDV) or 
preload. I  other determinants o  cardiac  unction 
(contractility, heart rate, and a terload) are held con-
stant, a plot o  cardiac output versus LVEDV is rela-
tively linear ( or the normal heart); keeping with the 
adage “the heart pumps what it receives.”
 An increase in contractility (e.g., exercise) will shi t 
the Frank-Starling curve to the le t (increased cardiac 
output). A decrease in contractility (e.g., heart  ailure) 
will shi t the curve down and to the right (decreased 
cardiac output and increased LVEDV).
 Ventricular compliance is a plot o  end-diastolic 
pressure vs. end-diastolic volume.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 14. How does an increase in a terload af ect the Frank-
Starling curve?

 (A) Shi ts curve down and to the le t.
 (B) Shifts curve down and to the right.
 (C) Shi ts curve up and to the le t.
 (D) Shi ts curve up and to the right.
 (E) No change.

Changes in cardiac determinants such as preload, 
a terload and contractility can af ect the Frank-Starling 
curve (Figure 4-5). Changes in preload result in 
changes along the same line o  the Frank-Starling 
curve. Changes in a terload or contractility will result 
in a shi t to a new Frank-Starling curve: 
• Afterload. An increase in afterload shifts the curve 

down and to the right (as cardiac output/stroke vol-
ume is decreased). A decrease in a terload shi ts the 
curve up and to the le t (as cardiac output/stroke 
volume at given preload increases)
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FIG. 4-4. Left ventricular pressure-time curve.

 (A) A
 (B) B
 (C) C
 (D) D
 (E) E

B =  slope o  ascending limb o  the pressure-time 
curve. T is is a measure o  change in pressure over time 
(dP/dt) during isovolumetric contraction. T is repre-
sents the maximal rate o   orce (pressure change) devel-
opment by the ventricle. Doppler echocardiography 
may be used to make this determination. T is re ects 
contractility at a given set o  ventricular loading condi-
tions (preload and a terload).
A =  end-diastolic pressure 
C =  top o  curve  =  ejection phase
D =  isovolumetric relaxation (down slope o  curve)
E =  rapid ventricular  lling

Refs: Koeppen BM, Stanton BA. Berne and Levy Physiology. 
6th ed. Philadelphia, PA: Mosby Elsevier; 2010.

Fuster V, Walsh R, Harrington R. Hurst’s T e Heart. 13th ed. 
New York, NY: McGraw Hill; 2011.
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• Contractility. An increase in contractility (e.g., exer-
cise) will shi t the Frank-Starling curve up and to the 
le t (increased cardiac output). A decrease in contrac-
tility (e.g., heart  ailure) will shi t the curve down 
and to the right (decreased cardiac output and 
increased LVEDV).

Ref: Fuster V, Walsh R, Harrington R. Hurst’s T e Heart. 
13th ed. New York, NY: McGraw Hill; 2011.

 15. Which phase o  the cardiac cycle is associated with the 
greatest proportion o  myocardial oxygen consumption?

 (A) rapid ventricular ejection
 (B) atrial systole
 (C) isovolumetric contraction
 (D) rapid ventricular  illing
 (E) isovolumetric relaxation

T e isovolumetric contraction phase o  the cardiac 
cycle is responsible  or approximately 50% o  myo-
cardial oxygen consumption.
 In general, the heart’s basal metabolism is responsible 
 or 25% o  myocardial energy use, while contraction is 
responsible  or the remaining 75%. T e cardiac cycle 
describes changes in the ventricles (such as pressure, 

 ow, volume, ECG, and auscultatory events) over time. 
T ere are seven speci c time periods:

 1. Atrial systole
 2. Isovolumetric contraction
 3. Rapid ejection
 4. Reduced ejection
 5. Isovolumetric relaxation
 6. Rapid ventricular  lling
 7. Reduced ventricular  lling—diastasis

Ref: Mohrman DE, Heller LJ. Cardiovascular Physiology.  
8th ed. New York, NY: McGraw Hill; 2014.

 16. Le t ventricular wall stress or tension is a determinant o  
myocardial oxygen utilization. Which o  the  ollowing 
changes will reduce myocardial oxygen demand the most?

 (A) increasing le t ventricular radius
 (B) increasing le t ventricular pressure
 (C) increasing left ventricular wall thickness
 (D) increasing le t ventricular stroke volume
 (E) increasing heart rate

Increasing le t ventricular wall thickness will reduce 
le t ventricular wall stress and reduce myocardial oxy-
gen demand.
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FIG. 4-5. Starling’s law of the heart. (Reproduced with permission from  Butterworth JF IV, 
Mackey DC, Wasnick JD. Morgan and Mikhail’s Clinical Anesthesiology. 5th ed. New York, NY: 
McGraw Hill; 2013.)
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 Myocardial oxygen consumption is related to myo-
cardial wall tension, contractility, and heart rate. T e 
Law o  Laplace:

LV wall stress =   (LV pressure ×  radius)/2 
×  LV wall thickness

Reductions in le t ventricular pressure or le t ventricu-
lar radius will also reduce LV wall stress and myocar-
dial oxygen demand.
 Le t ventricular stroke work also correlates with 
oxygen consumption:

LV stroke work =  stroke volume ×  MAP

As  rom the  ormula above, stroke work can be viewed 
as either “volume work” or “pressure work.” It is 
important to note that a greater increase in oxygen 
consumption occurs due to increases in pressure work 
compared to similar increases in volume work (mecha-
nism remains unknown).
Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 

Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 17. Which o  the  ollowing assessments o  le t ventricular 
 unction is independent o  preload and a terload?

 (A) cardiac output
 (B) ejection  raction
 (C) wall stress
 (D) maximum dP/dt
 (E) end-systolic elastance

End-systolic elastance is an index o  contractility, which 
is independent o  preload and a terload. As shown in 
the Figure 4-6, end-systolic elastance can be calculated 
as the slope o  various pressure-volume loops.
 Cardiac output (stroke volume ×  heart rate) is a 
measure o  ventricular systolic  unction, diastolic  unc-
tion, pericardial  unction, and valvular  unction. Ven-
tricular systolic  unction is dependent on myocardial 
contractility, preload, and a terload.
 Le t ventricular ejection  raction, wall stress, and 
maximum dP/dt are all load dependent indices (i.e., 
altered preload and a terload will af ect measure o  le t 
ventricular per ormance).

Ref: Mathew JP, Swaminathan M, Ayoub CM. Clinical 
Manual and Review of  ransesophageal Echocardiography. 
2nd ed. New York, NY: McGraw Hill; 2010.

 18. An increase in which o  the  ollowing parameters will 
cause a decrease in cardiac output?

 (A) heart rate
 (B) contractility
 (C) afterload
 (D) preload
 (E) stroke volume

An increase in a terload will cause a decrease in cardiac 
output.

Cardiac output =  stroke volume ×  heart rate
 Stroke volume is directly proportional to preload 
and contractility and inversely proportional to a ter-
load. T ere ore, increases in heart rate, preload, and 
contractility will increase cardiac output, while a 
decrease in a terload will increase cardiac output.

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 19. Le t ventricular diastolic dys unction is most likely 
indicated by which o  the  ollowing  ndings?

 (A) Doppler echocardiography showing increased  low 
velocities across the aortic valve during diastole

 (B) Doppler echocardiography of mitral inflow 
with increased E wave and reduced A wave

 (C) tissue Doppler echocardiography o  mitral annu-
lar velocities with e’ wave greater than a’ wave

 (D) ECG with widened QRS in V1
 (E) radionuclide study showing ejection  raction o  
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FIG. 4-6. Calculation of time-varying elastance based on variably 
loaded pressure-volume loops. A family of loops is created by 
abruptly changing preload, typically with inferior vena caval 
occlusion. End-systolic elastance is the slope of the line 
connecting the end-systolic points of each loop and is a load-
independent index of contractility. (Reproduced with permission 
from Mathew JP, Swaminathan M, Ayoub CM. Clinical Manual and 
Review of Transesophageal Echocardiography. 2nd ed. New York, 
NY: McGraw Hill; 2010.)
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Le t ventricular diastolic dys unction is suggested by 
Doppler echocardiography o  mitral in ow with increased 
E wave and reduced A wave (restrictive pattern). Pulsed-
wave Doppler echocardiography can measure the in ow 
velocities across the mitral valve. T ere are two character-
istic waves during diastole: E wave =  early  lling o  the 
ventricle, and A wave =  active  lling during atrial con-
traction. T e normal E wave is greater than the A wave. 
Pulsed-wave tissue Doppler echocardiography can mea-
sure the velocity o  the ventricular wall. 
 When placed at the lateral wall o  the mitral annu-
lus, tissue Doppler shows two characteristic waves dur-
ing diastole: e’ =  early myocardial relaxation, and a’ =  
atrial contraction. In the normal ventricle, the, e’ wave 
is larger than the a’ wave. As diastolic dys unction pro-
gresses, e’ wave gets progressively smaller.
 ECG  ndings o  le t atrial enlargement include a 
biphasic P wave in lead V1 with terminal negative por-
tion (P mitrale) and a notched P wave in lead II. T e 
dif erential diagnosis o  le t atrial enlargement is broad 
and includes le t ventricular diastolic dys unction, 
mitral stenosis, and mitral regurgitation.
 Le t ventricular ejection  raction, which can be 
determined via radionuclide imaging, cardiac catheter-
ization, or echocardiography, is a measure o  le t ven-
tricular systolic  unction.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 20. Venous return may be augmented by:

 (A) increasing central venous pressure.
 (B) increasing intrathoracic pressure.
 (C) decreasing peripheral venous pressure.
 (D) decreasing venous resistance.
 (E) decreasing peripheral venous volume.

Venous return may be augmented by decreasing venous 
resistance.
 Venous return is the rate o  blood return  rom the 
peripheral venous compartment to the central venous 
compartment. T e central venous compartment includes 
the blood in the right atrium and veins in the thorax, 
with the more peripheral vessels making up the periph-
eral venous compartment.

T e rate o  venous return =  Δ  pressure/resistance.
Δ  pressure =   peripheral venous pressure 

-  central venous pressure
resistance =  resistance o  peripheral veins

Factors that can af ect venous return include:
• Peripheral venous pressure. Decreasing peripheral 

venous pressure will decrease the gradient  or venous 
return.

• Central venous pressure. Increasing central venous 
pressure will decrease the gradient  or venous return.

• Intrathoracic pressure. Increasing intrathoracic pres-
sure will compress the central veins and decrease 
venous return.

• Peripheral venous volume. Decreasing peripheral 
venous volume will decrease venous return.

Ref: Mohrman DE, Heller LJ. Cardiovascular Physiology.  
8th ed. New York, NY: McGraw Hill; 2014.

 21. In comparison to control o  arteriolar tone, which o  
the  ollowing  actors is a major determinant o  only 
venous tone? 

 (A) basal tone
 (B) sympathetic mediated vasoconstriction
 (C) external compression
 (D) vasodilating metabolites
 (E) active myogenic response

A major determinant o  venous tone is external com-
pression. External compression does not play a signi -
cant role in control o  arteriolar tone. In comparison to 
arterioles, veins are typically in a dilated state without 
signi cant basal tone, veins have little response to 
vasodilating metabolites, and venous diameter is pro-
portional to internal venous pressure.
 Vascular tone o  arterioles is regulated via a number 
o  dif erent mechanisms: 
• Basal tone. Arterioles have a baseline degree o  vaso-

constriction.
• Metabolites. Decreased oxygen levels cause vasodila-

tion. while increased carbon dioxide levels, acidemia, 
and hyperkalemia also cause vasodilation (note that 
local metabolites play the most prominent role in 
autoregulation o  blood  low in arterioles).

•  ransmural pressure. Arterioles have both a passive 
and an active response to changes in transmural pres-
sure. Initially, increased pressure causes passive dis-
tension, which is  ollowed by an active myogenic 
response which causes vasoconstriction to counteract 
the initial distension.

• Neural in luences. Sympathetic-mediated vasocon-
striction o  arterioles is due to norepinephrine acting 
via α 1 adrenergic receptors.
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• Hormones. Circulating epinephrine, norepineph-
rine, vasopressin, and angiotensin II all may play a 
role in regulating vascular tone, albeit to a lesser 
extent than local metabolites or neural in luences.

Ref: Mohrman DE, Heller LJ. Cardiovascular Physiology. 8th 
ed. New York, NY: McGraw Hill; 2014.

 22. Positive pressure ventilation (PPV) and PEEP can af ect 
venous return. Which o  the  ollowing mechanisms 
explains how PPV and PEEP may increase venous return?

 (A) increasing intra-abdominal pressure
 (B) increasing intra-abdominal vascular capacitance
 (C) increasing right atrial pressure
 (D) increasing intra-thoracic pressure
 (E) decreasing RV  illing

PPV and PEEP increase intra-thoracic pressure and 
right atrial pressure. T is decreases the gradient  or 
venous return and results in decreased RV  lling and 
RV stroke volume (Note: spontaneous ventilation does 
the opposite). However, PPV and PEEP can also have 
a “preload-sparing” ef ect by causing diaphragmatic 
descent into the abdomen. T e abdomen is a store o  
venous blood and diaphragmatic descent leads to 
increased intra-abdominal pressure, decreased intra-
abdominal capacitance, and increased venous return.

Ref:  obin MJ. Principles and Practice of Mechanical Ventila-
tion. 3rd ed. New York, NY: McGraw Hill; 2013.

 23. Approximately what percentage o  total circulating 
blood volume is contained in venules and veins?

 (A) 2% 
 (B) 5%
 (C) 12%
 (D) 20% 
 (E) 60%

Most o  the circulating blood, approximately 60%, is 
contained in venules and veins. Approximately 12% is 
in arteries, 2% in arterioles, 5% in capillaries, and 
20% in the pulmonary system and heart chambers.

Ref: Mohrman DE, Heller LJ. Cardiovascular Physiology.  
8th ed. New York, NY: McGraw Hill; 2014.

 24. Pulse pressure is indirectly proportional to which o  the 
 ollowing variables? 

 (A) heart rate
 (B) stroke volume

 (C) total peripheral resistance
 (D) arterial compliance
 (E) cardiac output

Pulse pressure is indirectly proportional to arterial 
compliance: Pulse pressure ~ stroke volume/arterial 
compliance. T is helps to explain that as you age and 
arterial compliance decreases, pulse pressure generally 
increases. Pulse pressure also equals systolic pressure 
minus diastolic pressure.

Ref: Mohrman DE, Heller LJ. Cardiovascular Physiology.  
8th ed. New York, NY: McGraw Hill; 2014.

 25. Mean arterial pressure (MAP) can be calculated by 
which o  the  ollowing  ormulas?

 (A) MAP =  cardiac output ×  total peripheral 
resistance

 (B) MAP =  systolic pressure -  diastolic pressure
 (C) MAP =  diastolic pressure +  2/3(systolic pressure 

-  diastolic pressure)
 (D) MAP =  stroke volume ×  heart rate
 (E) MAP =  80 ×  (systolic pressure -  central 

venous pressure)/cardiac output

Mean arterial pressure (MAP) =  cardiac output ×  
total peripheral resistance. MAP can also be approxi-
mated by the  ollowing equation:
• MAP =  diastolic pressure +  1/3 (systolic pressure 

-  diastolic pressure)
• Arterial pulse pressure =  systolic pressure  

-  diastolic pressure.
• Cardiac output =  stroke volume ×  heart rate.
• Systemic vascular resistance =  80 ×  (MAP -  CVP)/

cardiac output

Ref: Mohrman DE, Heller LJ. Cardiovascular Physiology.  
8th ed. New York, NY: McGraw Hill; 2014.

 26. A pulmonary artery catheter is placed in a surgical 
patient  or intraoperative monitoring. For a normal 
patient, which o  the  ollowing values is typically 
indicative o  correct placement in the pulmonary 
artery?

 (A) mean < 5 mm Hg
 (B) 25/5 mm Hg
 (C) 25/10 mm Hg
 (D) 130/8 mm Hg
 (E) 135/80 mm Hg
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Normal values  or hemodynamic parameters measured 
by a pulmonary artery catheter (PAC) include:
• central venous pressure ~5 mm Hg
• right ventricular pressure 25/5 mm Hg
• pulmonary artery pressure 25/10 mm Hg
When a PAC is  oated the pressure wave orm tracing 
shows characteristic changes as it moves  rom the right 
atrium, right ventricle, and into the pulmonary artery. 
Since the pulmonary artery has a higher diastolic pres-
sure than the right ventricle, the PAC wave orm shows 
a characteristic “step-up” change when success ully 
passed through the pulmonic valve (Figure 4-7). 

 Other typical pressures (not measured by a pulmo-
nary artery catheter) include:

le t ventricular pressure 130/8 mm Hg and  
aortic pressure 135/80.

Refs: Longnecker DE, Brown DL, Newman MF, Zapol 
WM. Anesthesiology. 2nd ed. New York, NY: McGraw 
Hill; 2012.

Wasnick JD, Hillel Z, Kramer DC, Littwin S, Nicoara A. 
Cardiac Anesthesia and  ransesophageal Echocardiography. 
New York, NY: McGraw Hill; 2011.

FIG. 4-7. Although its utility is increasingly questioned, pulmonary artery catheters continue to be a part of 
perioperative management of the cardiac surgery patient. Following placement of a sheath introducer in the 
central circulation (panels 1 and 2), the pulmonary artery catheter is “floated.” Central line placement should 
always be completed using rigorous sterile technique, full body draping, and only after multiple, redundant 
confirmations of the correct localization of the venous circulation. Pressure guidance is used to ascertain the 
localization of the PA catheter in the venous circulation and the heart. Upon entry into the right atrium (panels 
3 and 4), the central venous pressure tracing is noted. Passing through the tricuspid valve (panels 5 and 6) 
right ventricular pressures are detected. At 35 to 50 cm, depending upon patient size, the catheter will pass 
from the right ventricle through the pulmonic valve into the pulmonary artery (panels 7 and 8). This is noted 
by the measurement of diastolic pressure once the pulmonic valve is passed.
  Lastly, when indicated the balloon-tipped catheter will “wedge” or “occlude” a pulmonary artery branch 
(panels 9–11). When this occurs, the pulmonary artery pressure equilibrates with that of the left atrium 
which barring any mitral valve pathology should be a reflection of left ventricular end-diastolic pressure. 
(Reproduced with permission from Soni N. Practical Procedures in Anasthesia and Intensive Care. Boston,  
MA: Butterworth Heinemann; 1994:43, with permission.)
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 27. Which o  the  ollowing changes will result in a decrease 
in pulmonary vascular resistance (PVR)?

 (A) increased lung volume above FRC
 (B) increased pulmonary blood volume
 (C) increased blood viscosity
 (D) increased alveolar pressure 
 (E) increased interstitial pressure

A variety o   actors may af ect pulmonary vascular 
resistance. T ese may be classi ed as neural, humoral, 
or “passive”:
• Neural: Sympathetic activation increases PVR; para-

sympathetic activation decreases PVR.
• Humoral: α -adrenergic agonists, PGF2α, PGE2, 

thromboxane, endothelin, angiotensin increase 
PVR; acetylcholine, β -adrenergic agonists, PGE1, 
prostacyclin, nitric oxide, and bradykinin decrease 
PVR.

“Passive”  actors include gravity and body position, 
lung volume, alveolar pressure/intrapleural pressure, 
interstitial pressure, blood viscosity, pulmonary artery 
pressure/blood volume, and cardiac output.
 T ese are considered “passive”  actors as pulmonary 
vasculature has relatively small amounts o  smooth 
muscle. T is means PVR is more sensitive to extravas-
cular ef ects and changes in transmural pressure, in 
contrast to systemic vasculature and SVR.
 Increased pulmonary blood volume causes a 
decrease in PVR. Recruitment and distention are 
responsible  or this ef ect. Recruitment occurs as 
increased pulmonary blood volume opens previously 
under- or nonper used capillaries (at normal cardiac 
output approximately one hal  o  capillaries are not 
per used). Distention describes how the radius o  a 
pulmonary vessel will increase in response to increased 
per usion pressure, with a resultant decrease in 
resistance.
 Lung volumes above and below FRC increase PVR 
(above FRC alveolar vessels are compressed, below 
FRC extra-alveolar vessels are compressed). Increased 
blood viscosity directly increases PVR and increased 
alveolar pressure (such as with application o  PEEP) 
can lead to compression o  alveolar vessels and 
increased PVR. Increased interstitial pressure (e.g., 
congestive heart  ailure) decreases the transmural pres-
sure gradient  or extra-alveolar vessels, leading to com-
pression and increased PVR.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 28. Which o  the  ollowing causes o  hypotension is the 
result o  decreased systemic vascular resistance (SVR)?

 (A) tension pneumothorax
 (B) cardiac tamponade
 (C) myocardial in arction
 (D) hemorrhage
 (E) liver failure

Blood pressure =  cardiac output ×  SVR. T ere ore, 
hypotension is a result o  either decreased cardiac out-
put, decreased SVR, or both. Hypovolemia due to hem-
orrhage, burns, vomiting, and so on is a result o  
decreased cardiac output with increased SVR.
 Cardiogenic causes o  hypotension such as myocar-
dial in arction, arrhythmias, or valvular heart disease is a 
result o  decreased cardiac output with increased SVR.
 Obstructive causes o  hypotension such as tension 
pneumothorax, cardiac tamponade, or pulmonary 
embolus is a result o  decreased cardiac output with 
increased SVR.
 Distributive causes o  hypotension such as sepsis, 
pancreatitis, thyrotoxicosis, anaphylaxis, spinal cord 
injury, and liver  ailure are a result o  decreased SVR 
with increased cardiac output.

Ref: Wasnick JD, Hillel Z, Kramer DC, Littwin S, Nicoara 
A. Cardiac Anesthesia and  ransesophageal Echocardiogra-
phy. New York, NY: McGraw Hill; 2011.

 29. A patient’s mean blood pressure remains the same, at 
approximately 80 mm Hg, while the pulse pressure 
increases. T is increase in pulse pressure will af ect 
baroreceptors in the carotid sinus and aortic arch result-
ing in which o  the  ollowing changes?

 (A) increase in rate of discharge from the  
baroreceptors

 (B) pro ound bradycardia and hypotension (Bezold-
Jarisch re lex)

 (C) excitation o  sympathetic nerves  acilitating 
long-term control o  blood pressure

 (D) baroreceptor activity will only be elicited i  mean 
blood pressure < 50 mm Hg

 (E) no change in baroreceptor  iring, as barorecep-
tors are more sensitive to changes in mean blood 
pressure rather than pulse pressure

Baroreceptors in the carotid sinus and aortic arch 
respond to stretch. An increase in blood pressure and 
distention leads to increased rate o  discharge  rom the 
baroreceptors. Activation o  the baroreceptor re ex 
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results in inhibition o  sympathetic activity and excita-
tion o  parasympathetic (vagal) activity. Overall, an 
increase in blood pressure/stretch is met with re ex 
vasodilation, hypotension, and bradycardia. T is is an 
important re ex  or short-term adjustments in blood 
pressure such as changes in posture or during exercise. 
 Although they are more sensitive to changes in 
pulse pressure, baroreceptors respond both to changes 
in mean blood pressure and pulse pressure. More baro-
receptor activity occurs during systole than diastole; 
and the threshold  or baroreceptor activity is approxi-
mately 50 mm Hg to 200 mm Hg.
 T e Bezold-Jarisch re ex re ers to activation o  vagal 
C  bers in the cardiopulmonary region (atria, ventri-
cles, pulmonary vessels) which results in bradycardia, 
hypotension, and a period o  apnea. 

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 30.  issue edema due to heart  ailure is a result o :

 (A) decreased Starling  orces.
 (B) increased capillary hydrostatic pressure.
 (C) increased capillary oncotic pressure.
 (D) increased interstitial oncotic pressure.
 (E) increased interstitial hydrostatic pressure.

T e Starling equation describes how hydrostatic and 
oncotic pressures (the Starling  orces) determine the 
movement o   uid between the intravascular space and 
the interstitial space.  issue edema due to heart  ailure 
is a result o  increased capillary hydrostatic pressure, 
which causes movement o   uid  rom the intravascular 
space to the interstitial space.  issue edema may also 
occur when there is decreased capillary oncotic pres-
sure (e.g., nephrotic syndrome).

Ref: Kasper D, Fauci A, Hauser S, Longo D, Jameson J, 
Loscalzo J. Harrison’s Principles of Internal Medicine. 19th ed. 
New York, NY: McGraw Hill; 2015.

 31. Laminar blood  ow in blood vessels will occur up to a 
critical velocity, then  ow becomes turbulent. T e prob-
ability o  this can be expressed by which o  the  ollowing?

 (A) Reynolds number
 (B) shear stress
 (C) Poiseuille-Hagen  ormula
 (D) viscosity
 (E) Law o  Laplace

Reynolds number (Re) describes the probability at 
which  ow will become turbulent. It relates density o  
the  uid (ρ), diameter o  the tube (D), velocity o   ow 
(V), and viscosity o  the  uid (η):

Re = ρ
η

DV
.

Law o  Laplace describes how tension in the wall o  
cylinder ( ) relates to transmural pressure (P), radius 
(r), and wall thickness (w):

  =  Pr/w
Viscosity describes a  uid’s innate resistance to  ow 
(blood’s viscosity is 3–4×  greater than water). T e 
Poiseuille-Hagen  ormula describes  ow in a narrow 
tube (F) as it relates to the pressure dif erence between 
the two ends (PA -  PB), viscosity o  the  uid (η), 
radius o  the tube (r), length o  the tube (L):
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T is  ormula can be reworked to describe resistance 
(R) in the tube: 

R L
r

= 8
4
η
π

T is shows resistance to  ow is proportional to the 
 ourth power o  the radius o  the vessel (and why arte-
rioles are ef ective at regulating organ blood  ow). 
Shear stress describes the  orce on the endothelium o  
the blood vessel as blood  ows by. Shear stress (γ ) is 
proportional to viscosity (η) and shear rate (dy/dr):

γ  η= (  )dy dr/

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 32. Which o  the  ollowing changes will increase coronary 
per usion pressure the most?

 (A) increased le t ventricular end diastolic pressure
 (B) increased aortic diastolic pressure
 (C) increased heart rate
 (D) increased time in systole
 (E) increased aortic systolic pressure

Coronary per usion pressure =   arterial diastolic  
pressure -  LVEDP.

 T e  orce o  le t ventricular contraction means that 
coronary per usion occurs mostly during diastole. 
T ere ore, increased aortic diastolic pressure will 
increase coronary per usion pressure. Anything that 
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increases LVEDP or shortens diastole (e.g., increased 
heart rate) will decrease coronary per usion pressure. 
Arterial diastolic pressure is more important than sys-
tolic pressure or mean pressure in determining coro-
nary per usion pressure.
Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 

and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 33. In zone 1 o  the lung, the relative ef ects o  gravity and 
alveolar pressure on lung per usion are best expressed as:

 (A) PA >  Pa >  Pv

 (B) Pa >  PA >  Pv 

 (C) Pa >  Pv >  PA

 (D) Pv >  PA >  Pa

 (E) PA >  Pv >  Pa

Alveolar dead space (zone 1 o  the lung), re ers to con-
ditions where alveolar pressure (PA) is greater than pul-
monary artery pressure (Pa) and no blood  ow occurs 
(i.e., the lung is ventilated but not per used): 

PA >  Pa >  Pv.

 T e middle area o  the lung (zone 2) re ers to condi-
tions where pulmonary artery pressure (Pa) is greater 
than alveolar pressure (PA) which is greater than 
pulmonary vein pressure (Pv): Pa >  PA >  Pv. T e ef ec-
tive driving pressure  or blood  ow is Pa -  PA.
 T e bottom area o  the lung (zone 3) re ers to con-
ditions where pulmonary artery pressure is greater 
than pulmonary vein pressure which is greater than 
alveolar pressure: Pa >  Pv >  PA.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGraw Hill; 2013.

 34. Which part o  the renal vasculature plays a role in counter- 
current exchange and regulating water balance?

 (A) glomerulus
 (B) vasa recta
 (C) a  erent arteriole
 (D) e  erent arteriole
 (E) arcuate arteries

Blood reaches each kidney via a renal artery, which 
then  urther divides, eventually leading to arcuate 
arteries which are at the junction o  the renal cortex 
and renal medulla. Arcuate arteries give rise to inter-
lobular arteries (cortical arteries), which then branch 
into af erent arterioles. Af erent arterioles supply glom-

eruli and blood is then taken via ef erent arterioles to 
either peritubular capillaries or vasa recta. Peritubular 
capillaries are  ound in the renal cortex. Ef erent arte-
rioles o  juxtamedullary glomeruli branch and descend 
into the medulla as the vasa recta. A relatively small 
amount o  blood  ow reaches the inner medulla. In 
this way the vasa recta plays a role in counter-current 
exchange and regulating water balance.

Ref: Eaton DC, Pooler JP. Vander’s Renal Physiology. 8th ed. 
New York, NY: McGraw Hill; 2013.

 35. Which organ, at rest, extracts ~70–75% o  the oxygen 
in the blood that  ows through it?

 (A) heart
 (B) skeletal muscle
 (C) liver
 (D) kidneys
 (E) brain

In general, the oxygen extraction ratio (oxygen consump-
tion/oxygen delivery)  or the body is ~20% to 30%. 
However, at rest the heart extracts ~70% to 75% o  the 
oxygen delivered via coronary blood  ow. T is means the 
myocardium is sensitive to alterations in coronary blood 
 ow and an increase in myocardial oxygen consumption 
requires an increase in coronary blood  ow.
 T e oxygen extraction ratio  or other organs varies:
• brain approximately 30%
• skeletal muscle approximately 25% to 30% 
• splanchnic (GI tract, spleen, pancreas, liver) approxi-

mately 15% to 20%
• kidneys < 15%

Ref: Mohrman DE, Heller LJ. Cardiovascular Physiology. 8th 
ed. New York, NY: McGraw Hill; 2014.

 36. In an otherwise healthy patient, which o  the  ollowing 
 actors will decrease cerebral blood  ow?

 (A) decrease in MAP to 65 mm Hg
 (B) hyperventilation
 (C) hyperthermia
 (D) pain
 (E) volatile anesthetics

Changes in PaCO2 alter cerebral vascular resistance. 
Hyperventilation causes cerebral vasoconstriction, 
decreased cerebral blood  ow, and decreased intracranial 
pressure. Aggressive hyperventilation (PaCO2 < 20–25 
mm Hg) can potentially cause cerebral ischemia and 
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should be avoided. Cerebral blood  ow is autoregulated 
between cerebral per usion pressures o  approximately 
50% and 150 mm Hg. In an otherwise healthy patient, 
a MAP o  65 mm Hg is within this zone o  autoregula-
tion so cerebral blood  ow should not change.
 Other causes o  increased cerebral blood  ow (and 
increased intracranial pressure) include: acidosis, hypoven-
tilation, hyperthermia, hypoxia, pain, seizures, and, vola-
tile anesthetics. T e management o  elevated intracranial 
pressure o ten requires manipulation o  these elements.

Ref: Hall JB, Schmidt GA, Kress JP. Principles of Critical 
Care. 4th ed. New York, NY: McGraw Hill; 2015.

 37. Uteroplacental blood  ow changes dramatically as 
pregnancy progresses. Vessels vasodilate and undergo 
circum erential growth. Which o  the  ollowing is 
implicated as the key  actor  or circum erential enlarge-
ment o  uterine vessels?

 (A) 17β -estradiol
 (B) VEGF
 (C) angiotensin II
 (D) norepinephrine
 (E) shear stress

At term pregnancy, uterine blood  ow is approxi-
mately 500 to 750 mL/min. T is increase in blood 
 ow during gestation is due to vasodilation mediated by 
17β -estradiol, progesterone, and relaxin. Uterine vessel 
vasodilation results in increased shear stress, which leads 
to circum erential vessel growth. Mechanisms  or how 
shear stress causes circum erential vessel growth are not 
completely understood, but nitric oxide is believed to 
play an important role. Other  actors thought to have a 
role in uterine vascular remodeling include angiotensin 
II and VEGF (vascular endothelial growth  actor).

Refs: Cunningham FG, Leveno KJ, Bloom SL, Spong CY, 
Dashe JS, Hof man BL, et al. Williams Obstetrics. 24th ed. 
New York, NY: McGraw Hill; 2014.

Osol G, Mandala M. Maternal uterine vascular remodeling 
during pregnancy. Physiology. 2009; 24:58–71.

 38. Endogenous vasopressin is involved in a variety o  
homeostatic  eedback mechanisms. Which o  the  ol-
lowing  actors will decrease vasopressin secretion?

 (A) pain
 (B) angiotensin II
 (C) increased extracellular fluid (ECF) volume
 (D) increased plasma osmolality
 (E) carbamazepine

Vasopressin (or antidiuretic hormone (ADH)) is secreted 
 rom the posterior pituitary when plasma osmolality is 
greater than 285 mOsm/kg. Vasopressin is also released 
when extracellular  uid (ECF) volume is decreased. In 
this way, vasopressin is involved in homeostatic regula-
tion o  both tonicity and volume.
 Other stimuli  or increased vasopressin secretion 
include: pain or surgical stress Angiotensin II, nausea 
and vomiting, medications such as opiates, NSAIDs, 
carbamazepine, and  CAs, and malignancies.

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 39. Which o  the  ollowing will cause an increase in renin 
secretion by the kidneys?

 (A) increased a  erent arteriole blood pressure
 (B) increased Na+  and Cl-  in the distal renal tubules
 (C) norepinephrine
 (D) vasopressin
 (E) angiotensin II

Juxtaglomerular cells o  the kidney produce renin. As 
part o  the renin-angiotensin system (RAS), renin acts 
as an enzyme on circulating angiotensinogen leading 
to the  ormation o  angiotensin I. Angiotensin con-
verting enzyme (ACE) then converts angiotensin I into 
angiotensin II. Angiotensin II is a potent vasoconstric-
tor and also has many other ef ects including: secretion 
o  aldosterone, secretion o  vasopressin, increased Na+  
reabsorption by the renal tubules.
 Renin secretion is stimulated by:
• Decreased blood pressure (a  erent arteriole),
• Decreased Na+  and Cl-  in the distal renal tubules,
• Increased sympathetic nervous system activity,
• Increased circulating catecholamines (norepineph-

rine, epinephrine), and 
• Prostaglandins.
Renin secretion is inhibited by:
• Increased blood pressure (a  erent arteriole),
• Increased Na+  and Cl-  in the distal renal tubules,
• Angiotensin II, and
• Vasopressin.

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.
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 40. Which o  the  ollowing hormones will directly increase 
sodium and water retention by the kidneys?

 (A) renin
 (B) angiotensin I
 (C) aldosterone
 (D) bradykinin
 (E) ANP

Aldosterone, a mineralocorticoid hormone, will directly 
increase Na+  and water retention by the kidneys. Aldo-
sterone secretion is stimulated by AC H (adrenocorti-
cotropic hormone), angiotensin II, and hyperkalemia. 
In the kidney, aldosterone’s actions on principal cells in 
the collecting ducts causes Na+  absorption in exchange 
 or K+  and H+ .
 As part o  the renin-angiotensin system (RAS), renin 
acts as an enzyme on circulating angiotensinogen lead-
ing to the  ormation o  angiotensin I. Angiotensin I, the 
precursor to angiotensin II, has no known direct action.
 Bradykinin is a peptide involved in in ammation. 
It is important to note that angiotensin converting 
enzyme (ACE), which converts angiotensin I to angio-
tensin II, is also involved in the metabolism o  brady-
kinin. T e use o  ACE inhibitors  or hypertension may 
be associated with a chronic cough, which is attributed 
to higher levels o  tissue bradykinin.
 Atrial natriuretic peptide (ANP) secretion is acti-
vated by extracellular  uid volume expansion and 
stretching o  the atrial receptors, which leads to 
increased renal Na+  and water excretion.

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 41. A patient is given a large intravenous  uid bolus o  
isotonic saline and their extracellular  uid (ECF) vol-
ume expands. Which o  the  ollowing hormones is 
most likely to be released  ollowing activation o  recep-
tors in the ventricles o  the heart?

 (A) ANP
 (B) BNP
 (C) CNP
 (D) vasopressin
 (E) renin

Brain natriuretic peptide (BNP), although  rst iso-
lated  rom the brain is most abundant in the ventricles 
o  the heart. BNP secretion is generated by ECF 
expansion and stretching o  the ventricles. In general, 
BNP has the opposite actions o  the renin-angiotensin 
system (RAS): BNP will increase renal Na+  and water 

excretion, and relax vascular smooth muscle.
 Atrial natriuretic peptide (ANP) and C-type natri-
uretic peptide (CNP) also belong to the same  amily as 
BNP and share similar actions. ANP is most abundant 
in the atria (although small amounts are  ound in the 
ventricles). CNP is present in other body tissues, 
including the brain, pituitary, and kidneys.
 Monitoring ANP and BNP levels may play a diag-
nostic role in congestive heart  ailure (as volume over-
load causes a proportional increase in their levels). 
Both vasopressin and renin secretion are inhibited by 
an increase in ECF. Vasopressin is released  rom the 
posterior pituitary, and renin is released  rom the 
kidneys.

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

MCGH380-CH04_131-152.indd   151  19/09/16   3:13 PM



MCGH380-CH04_131-152.indd   152  19/09/16   3:13 PM

This page intentionally left blank 



153

 CHAPTER 5

Gastrointestinal/Hepatic/Renal 
Physiology

 1. Which o  the  ollowing statements regarding hepatic 
blood supply is CORREC ? 

 (A)  he portal vein delivers up to 75% o  the total 
blood  low o  the liver.

 (B)  he liver receives approximately 10% o  total 
cardiac output.

 (C) Seventy- ive percent o  the oxygen supply to the 
liver is delivered by the hepatic artery.

 (D) Hepatic capillaries run alongside rows o  hepato-
cytes in each hexagonal lobule.

 (E) Zone 3 cells are most resistant to ischemia in 
each acinus.

 2. Which o  the  ollowing is NO  a  actor in hepatic 
blood  ow regulation? 

 (A) hepatic artery myogenic response
 (B) hepatic arterial bu  er response
 (C) splanchnic vascular resistance
 (D) intrinsic regulation o  portal blood  low
 (E) glucagon levels

 3. Which o  the  ollowing proteins is synthesized in the liver? 

 (A) immunoglobulin-G
 (B) acetylcholinesterase
 (C) von Willebrand  actor
 (D) pseudocholinesterase
 (E) glucagon

 4. Which o  the  ollowing statements regarding hepatic 
physiology is CORREC ? 

 (A) β -adrenergic agonists stimulate the conversion 
o  glucose to glycogen.

 (B)  he liver acts as a reservoir and can add up to 
350 mL o  blood to the circulation i  needed.

 (C)  he adult liver can store up to 25 g o  glycogen.
 (D) A reduction in serum albumin is the earliest pro-

tein marker o  reduced hepatic synthetic  unction.
 (E) Kup  er cells are important  or the deamination 

o  proteins in the liver.

 5. Which o  the  ollowing statements regarding the biliary 
system is CORREC ? 

 (A) Bile is only produced on demand, a ter each meal.
 (B) Bile is composed o  approximately 50% bile salts.
 (C)  he greenish-yellow color o  bile is due to cho-

lesterol and lecithin.
 (D) Inability to synthesize or excrete bile salts may 

result in a coagulopathy.
 (E) Ammonia is converted to urea in the liver, which 

is then excreted in bile.

 6. Which o  the  ollowing best describes a Phase II bio-
trans ormation reaction?

 (A) oxidation
 (B) hydrolysis
 (C) reduction
 (D) ester cleavage
 (E) conjugation
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154  5: Gastrointestinal/Hepatic/Renal Physiology

 7. A patient su ers a myocardial in arction. Following her 
initial recovery, her cardiac output is  ound to have 
decreased by 50%. Which o  the  ollowing drugs is 
MOS  likely to have reduced hepatic elimination as a 
result?

 (A) thiopental
 (B) midazolam
 (C)  entanyl
 (D) rocuronium
 (E) vecuronium

 8. Which portion o  the diluting segment o  the nephron 
plays a role in the countercurrent-induced hypertonic-
ity o  the renal medulla?

 (A) proximal tubule
 (B) descending thin limb o  the loop o  Henle
 (C) ascending thin limb o  the loop o  Henle
 (D) thick ascending limb o  the loop o  Henle
 (E) distal convoluted tubule

 9. Signaling via which o  the  ollowing areas is directly 
involved in the non-osmotic release o  vasopressin?

 (A) paraventricular nuclei o  the hypothalamus
 (B) lateral preoptic area o  the hypothalamus
 (C) juxtaglomerular apparatus
 (D) carotid baroreceptors
 (E) zona glomerulosa o  the adrenal cortex

 10. Angiotensin II plays an important role in the regulation 
o  extracellular  uid volume (ECF). Which o  the  
 ollowing actions is due to angiotensin II?

 (A) inhibition o  aldosterone secretion
 (B) inhibition o  AC H secretion
 (C) inhibition o  vasopressin secretion
 (D) simulation o  thirst
 (E) increased renal Na+  excretion

 11. In the proximal convoluted tubule (PC ) o  the kid-
ney, what is the predominant mechanism o  acid-base 
regulation?

 (A) HCO3
-  is actively transported and reabsorbed 

across the apical membrane.
 (B) H+  is transported into the tubular lumen via a 

Na-H antiporter.
 (C) H+  is actively transported into the tubular 

lumen via a H-A Pase.
 (D) HCO3

-  is transported into the tubular lumen 
via a Na-3HCO3 symporter.

 (E) Carbonic anhydrase in the epithelial cells o  the 
PC  catalyzes the  ormation o  CO2 and H2O.

 12. A patient’s renal  unction, including creatinine concen-
tration, is assessed. A measurement o  plasma creatinine 
concentration is inversely related to:

 (A) renal blood  low
 (B) renal plasma  low
 (C) glomerular  iltration rate 
 (D)  iltration  raction
 (E) urea concentration

 13. A patient with gout is prescribed probenecid. T e same 
patient is also prescribed large doses o  morphine  or 
chronic pain. T eoretically, how may probenecid alter 
the renal excretion o  morphine and its metabolites?

 (A) decrease glomerular  iltration rate (GFR)
 (B) decrease active tubular secretion
 (C) increase passive tubular reabsorption by alkalin-

izing the urine
 (D) decrease passive tubular reabsorption by acidi i-

cation o  the urine
 (E) increase morphine protein binding

 14. In the proximal convoluted tubule, the main driving 
 orce  or water and other solute reabsorption is gener-
ated by which o  the  ollowing electrolytes?

 (A) Na+

 (B) K+

 (C) Cl-

 (D) Ca2+

 (E) HCO3
-
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Answers and Explanations: 
Gastrointestinal/Hepatic/Renal Physiology

 1. Which o  the  ollowing statements regarding hepatic 
blood supply is CORREC ? 

 (A) The portal vein delivers up to 75% of the total 
blood flow of the liver.

 (B)  he liver receives approximately 10% o  total 
cardiac output.

 (C) Seventy- ive percent o  the oxygen supply to the 
liver is delivered by the hepatic artery.

 (D) Hepatic capillaries run alongside rows o  hepato-
cytes in each hexagonal lobule.

 (E) Zone 3 cells are most resistant to ischemia in 
each acinus.

T e liver receives blood  rom two distinct supplies: 
the hepatic artery (25%–35% o  total  ow), which 
delivers blood  rom the general arterial circulation 
(via the celiac trunk) and the portal vein (65%–75% 
o  total  ow), which delivers blood  rom the gut and 
associated organs.  otal  ow to the liver represents 
approximately 25% to 30% o  cardiac output, even 
though the liver is < 3% o  body weight. Under nor-
mal circumstances, oxygen delivery is shared 50:50 
between the two systems, despite this di erence in 
 ow, because blood entering via the portal vein is par-
tially deoxygenated.

Space  of Disse

Termina l
lymphatics

Bile  cana liculi

Bile  duct

Branch of the
hepa tic a rte ry

Branch of the
porta l ve in

Kupffe r ce ll

Liver ce lls

S inusoids

Centra l ve in

Lymphatic
vesse l

FIG. 5-1. The hepatic lobule. (Reproduced with permission from Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, NY: McGraw Hill; 2013.)
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 Unlike most other organs, the liver lacks capillar-
ies, and blood  rom the hepatic artery and portal vein 
mixes together in what are termed the sinusoids o  the 
liver. T ese are endothelial-lined gaps that run 
between rows o  hepatocytes. Each row converges on 
a so-called central vein (Figure 5-1) where blood is 
collected and ultimately  ed to the hepatic veins. 
T ese large veins empties into the in erior vena cava, 
which is intimately associated with the posterior 
aspect o  the liver. T e hepatocytes, bile canaliculi and 
sinusoids that surround the central vein in a hexago-
nal pattern are known as a lobule. Portal triads occupy 
4 to 5 o  the 6 corners o  the lobular hexagon. T ese 
triads contain branches  rom the hepatic artery, the 
portal vein, and bile ducts that carry bile in the oppo-
site direction. 
 T e  unctional (metabolic) unit o  the liver is called 
the acinus. It is less clear to imagine histologically than 
a lobule, but incorporates an elliptical area starting at 
the portal triad and running along the direction o  
 ow o  the hepatic arterioles and portal venules 
(Figure 5-2). Cells closest to these vessels (zone 1) are 
well oxygenated and are least at-risk  or ischemia; 
those in zone 3 that are  urthest  rom the nutritive ves-
sels are most susceptible to ischemia i  oxygenation 
and/or per usion pressure drops.

 2. Which o  the  ollowing is NO  a  actor in hepatic 
blood  ow regulation? 

 (A) hepatic artery myogenic response
 (B) hepatic arterial bu  er response
 (C) splanchnic vascular resistance
 (D) intrinsic regulation of portal blood flow
 (E) glucagon levels

Hepatic arterial  ow is subject to both intrinsic and 
extrinsic control. T e myogenic response is a re ex 
constriction o  smooth muscle in the walls o  the 
hepatic artery in response to an increase in systemic 
arterial pressure. T e other important intrinsic mecha-
nism is called the hepatic arterial bu er response. 
Mediated by the vasodilator adenosine, which is pro-
duced at a constant rate, this phenomenon serves to 
balance the  ows o  the portal and arterial systems. I  
portal  ow is sluggish, adenosine is not washed away 
quickly, resulting in vasodilation o  the hepatic arteri-
oles. With an increase in portal venous  ow (e.g., a ter 
a meal), adenosine is carried away more rapidly, 
decreasing its e ect on the arterial  ow. T is counter-
balancing e ect tends to keep the total blood  ow to 
the liver constant. Note that there is no intrinsic regu-
lation o  portal venous  ow.
 Extrinsic mechanisms relate to the sympathetic ner-
vous system or humoral  actors. Increases in sympa-
thetic tone in the arterioles o  the splanchnic bed will 
increase vascular resistance in the splanchnic bed as a 
whole and decrease portal venous  ow. Sympathetic 
activation increases hepatic arterial resistance and 
reduces both hepatic arterial  ow and liver blood vol-
ume. Circulating epinephrine causes constriction o  
both the hepatic arterial and portal venous systems due 
to alpha-1 e ects. Beta-receptor activation, through 
low-dose epinephrine, vasodilates hepatic arterioles. In 
contrast, beta-blockers increase resistance in these ves-
sels and decrease blood  ow. Glucagon is a potent 
vasodilator o  hepatic arterioles, whereas vasopressin 
and angiotensin II both vasoconstrict.
  otal liver blood  ow is related to the pressure di er-
ential between MAP (hepatic artery)/portal venous pres-
sure on the upstream side and hepatic venous pressure 
on the downstream side. Factors that increase hepatic 
venous pressure (CHF, volume overload, positive pres-
sure ventilation), will decrease hepatic blood  ow.

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

FIG. 5-2. Hepatic acinus with the 3 functional zones, labeled 1, 2 and 3. 
CV =  central vein, PT =  portal triad.

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.
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 3. Which o  the  ollowing proteins is synthesized in the 
liver? 

 (A) immunoglobulin-G
 (B) acetylcholinesterase
 (C) von Willebrand  actor
 (D) pseudocholinesterase
 (E) glucagon

One o  the most important roles  or the liver is the 
synthesis o  a wide variety o  proteins (and almost 
every plasma protein). T ese include albumin 
(10–15 g/day), �1-antitrypsin, antithrombin III, 
complement proteins, C-reactive protein, and �1-acid 
glycoprotein. It also produces all o  the coagulation 
 actors with the exception o  von Willebrand  actor, 
which is synthesized in the endothelium and platelets. 
Factor VIII is also produced in the endothelium as well 
as in the liver.
 Immunoglobulins are synthesized in plasma cells. 
Acetylcholinesterase (true cholinesterase) is manu ac-
tured by neurons in the CNS or by muscle cells at the 
neuromuscular junction. In contrast, pseudocholines-
terase or plasma cholinesterase is synthesized in the 
liver. T is enzyme inactivates many drugs such as the 
ester-linked local anesthetics, succinylcholine, mivacu-
rium, and heroin. Glucagon is a catabolic peptide 
hormone that is produced in the alpha cells o  the pan-
creas, acting primarily on the liver to stimulate the 
release o  stored glucose.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

 4. Which o  the  ollowing statements regarding hepatic 
physiology is CORREC ? 

 (A) β -adrenergic agonists stimulate the conversion 
o  glucose to glycogen.

 (B) The liver acts as a reservoir and can add up to 
350 mL of blood to the circulation if needed.

 (C)  he adult liver can store up to 25 g o  glycogen.
 (D) A reduction in serum albumin is the earliest pro-

tein marker o  reduced hepatic synthetic  unction.
 (E) Kup  er cells are important  or the deamination 

o  proteins in the liver.

T e liver normally contains approximately 500 mL o  
blood, although that volume can increase with back-
pressure associated with caval or hepatic venous 

congestion. Under circumstances where increased 
blood volume is required (e.g., hypovolemic shock or 
exercise), sympathetic mediated vasoconstriction can 
expel as much as 350 mL o  blood into the central 
circulation. T e liver is the most important reservoir 
organ during hemorrhage.
 Epinephrine stimulates β -adrenergic receptors on 
hepatocytes to increase intracellular cAMP levels. T is 
stimulates glycogenolysis, which results in the release 
o  glucose  rom stored glycogen. Glucagon also has the 
same e ect, although through a di erent G protein-
coupled receptor. Glycogenolysis is critical  or mainte-
nance o  a steady plasma glucose concentration. Gly-
cogen is stored by several organs other than the liver, 
but in only very small amounts. T e vast majority o  
glycogenolysis occurs in the liver. As much as 100 to 
120 g o  glycogen can be stored a ter a meal.
 In acute liver  ailure, the synthesis o  new proteins 
is suspended, at least to the degree that hepatocytes  
are in arcted or impaired. Many plasma proteins have 
long hal -lives; albumin,  or example, has a hal -li e o  
22 days. In contrast,  actor VII has a hal -li e o  only 
4 to 6 hours. Factor VII is used a ter liver transplanta-
tion to assess  or acute hepatocellular injury  or this 
reason. Kup er cells are phagocytic cells that are 
involved in the immune  unction o  the liver. 

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 5. Which o  the  ollowing statements regarding the biliary 
system is CORREC ? 

 (A) Bile is only produced on demand, a ter each meal.
 (B) Bile is composed o  approximately 50% bile salts.
 (C)  he greenish-yellow color o  bile is due to cho-

lesterol and lecithin.
 (D) Inability to synthesize or excrete bile salts may 

result in a coagulopathy.
 (E) Ammonia is converted to urea in the liver, which 

is then excreted in bile.

Bile is an aqueous solution o  bile salts, bile pigments, 
and other lipids and salts ( able 5-1) that has two 
 unctions: aiding in the absorption o   at in the gut 
and the excretion o  urea, cholesterol, alkaline phos-
phatase, and many drugs. T e pigments bilirubin and 
biliverdin give bile its characteristic greenish-yellow 
hue. Bile is produced by hepatocytes continuously, and 
any excess stored in the gall bladder (i.e., when the 
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sphincter o  Oddi is closed). When  atty-rich  oods 
enter the duodenum, the peptide hormone cholecysto-
kinin is released by the mucosa, which stimulates the 
gallbladder to contract, expelling its contents through 
the cystic duct to the common bile duct, and into the 
duodenum via the sphincter o  Oddi.
 T is sphincter is under autonomic control, relaxing 
with parasympathetic stimulation and contracting 
with sympathetic discharge. In addition, several drugs 
have an e ect on the sphincter o  Oddi. In particular, 
opioids contract the smooth muscle o  the sphincter, 
causing spasm, which can con ound the diagnosis o  
cholestasis and/or make ERCP di cult. T is appears 
to be a class e ect, with little evidence showing that 
one agent (e.g., meperidine) leading to a decreased 
incidence or intensity o  contraction. Drugs that relax 
the sphincter include naloxone, atropine, calcium 
channel blockers, glucagon, prostaglandin E1, and 
nitroglycerin. Note that in trying to make a diagnosis 
in atypical chest pain, the administration o  nitroglyc-
erin will relax both the coronary arteries and the 
sphincter o  Oddi (which is not so help ul ruling out 
gallstone cholestasis versus myocardial ischemia). Glu-
cagon is a more use ul agent  or this indication.
 T e conversion o  ammonia to urea is one o  the 
liver’s most important metabolic tasks, as ammonia 
toxicity is rapidly  atal. Urea is a nontoxic, water- 
soluble molecule that is taken up by the circulation 
(not excreted in the bile) and excreted by the kidneys.
 Inability to release bile into the duodenum will 
impact the absorption o   ats and  at-soluble vitamins 
(A, D, E, and K). Untreated, this will mani est as a coag-
ulopathy due to the impaired production o  vitamin 
K–dependent coagulation  actors II, VII, IX, and X.

TABLE 5-1. Composition of bile.

97% water
< 1% bile salts
Pigments
Inorganic salts
Lipids
 Cholesterol
 Fatty acids
Lecithin
Alkaline phosphatase

Reproduced with permission from Butterworth JF IV, Mackey DC, Wasnick 
JD. Morgan and Mikhail’s Clinical Anesthesiology. 5th ed. New York, NY: 
McGraw Hill; 2013.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 6. Which o  the  ollowing best describes a Phase II bio-
trans ormation reaction?

 (A) oxidation
 (B) hydrolysis
 (C) reduction
 (D) ester cleavage
 (E) conjugation

A chie  responsibility o  the liver is the detoxif cation 
and removal o  xenobiotics  rom the body. T ere are 
generally two steps to the trans ormation o  drugs by 
the liver. Phase I reactions are carried out primarily by 
the enzymes o  the cytochrome P-450 system in the 
endoplasmic reticulum o  hepatocytes. T rough oxida-
tion (90%), reduction, and hydrolysis (ester and amide 
cleavage), drugs are modif ed by the addition o  a reac-
tive and/or polar groups, making them susceptible to 
 urther trans ormation in Phase II reactions. In this 
second step, the activated drugs are conjugated with 
polar species such as glutathione, sul ate, glycine, or 
glucuronic acid to render them water-soluble and  
easily excretable by the kidneys, or less commonly, 
through the biliary system, lungs, salivary glands, or 
lacrimal glands.
 T e cytochrome P-450 system is subject to up- and 
down-regulation by specif c drugs, which may then 
alter the metabolic rate o  other drugs in the body. 
T e classic example is phenytoin, which induces the 
activity o  CYP450. Since the metabolic activity is 
accelerated, plasma levels o  drugs dependent on 
CYP450  or biotrans ormation may decrease to sub-
therapeutic levels. Other inducers include ethanol, bar-
biturates, and ketamine. Cimetidine, buproprion, and 
cipro oxacin are all CYP450 inhibitors and tend to 
have the opposite e ect.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 7. A patient su ers a myocardial in arction. Following her 
initial recovery, her cardiac output is  ound to have 
decreased by 50%. Which o  the  ollowing drugs is 
MOS  likely to have reduced hepatic elimination as a 
result?

 (A) thiopental
 (B) midazolam
 (C) fentanyl
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 (D) rocuronium
 (E) vecuronium

T e hepatic elimination o  drugs is dependent on the 
liver’s intrinsic ability to clear the drug, as well as the 
amount o  drug presented to the liver. Hepatic extrac-
tion ratio is the  raction o  drug  owing into the liver 
that is extracted by the hepatocytes. Di erent drugs 
have varying extraction ratios ( able 5-2). For exam-
ple, propo ol has a very high extraction ratio, meaning 
that nearly 100% o  all propo ol  owing through the 
liver is taken up and metabolized there by the organ. 
T e capacity o  the liver to metabolize drugs with high 
extraction ratios is greater than the the  ow o  those 
drugs to the liver; there ore, increases or decreases in 
hepatic  unction have little in uence over clearance. 
What does a ect clearance  or high extraction ratio 
drugs is liver blood  ow, where it assumes a linear rela-
tionship: the higher the blood  ow, the higher the 
clearance. Fentanyl also has a high extraction ratio, 
which is why its clearance will be diminished in the 
above example.
 Drugs with low extraction ratios are not e ciently 
cleared by the liver, and their clearance is limited by 
the capacity o  the hepatic enzyme systems, rather than 
blood  ow.

TABLE 5-2. Hepatic extraction ratios of commonly used 
drugs in anesthesia.

Low  Intermediate  High

Diazepam  Alfentanil  Bupivacaine
Lorazepam  Codeine  Diltiazem
Methadone  Etomidate  Fentanyl
Phenytoin  Hydromorphone  Ketamine
Rocuronium  Meperidine  Lidocaine
Thiopental  Methohexital  Metoprolol

Midazolam  Morphine
Vecuronium  Naloxone

Nifedipine
Propofol
Sufentanil

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman and 
Gilman’s T e Pharmacological Basis of T erapeutics. 12th 
ed. New York, NY: McGraw Hill; 2011.

 8. Which portion o  the diluting segment o  the nephron 
plays a role in the countercurrent-induced hypertonic-
ity o  the renal medulla?

 (A) proximal tubule
 (B) descending thin limb o  the loop o  Henle
 (C) ascending thin limb o  the loop o  Henle
 (D) thick ascending limb of the loop of Henle
 (E) distal convoluted tubule

T e thick ascending limb o  the loop o  Henle and 
the distal convoluted tubule  orm the diluting seg-
ment o  the nephron (both segments actively reab-
sorb NaCl and are impermeable to water, resulting 
in hypotonic tubular  uid, irrespective o  hydration 
status). T e thick ascending limb o  the loop o  
Henle plays a role in the countercurrent-induced 
hypertonicity o  the renal medulla. In general,  unc-
tions o  the various sections o  a nephron are as 
 ollows: 
• Proximal convoluted tubule: ~65% o   iltered Na+  

reabsorbed (with water). 
• Descending thin limb (DTL) of the loop of Henle: 

High permeability to water, low permeability to 
NaCl and urea. 

• Ascending thin limb (ATL) of the loop of Henle: 
Permeable to NaCl and urea, impermeable to 
water. 

• Thick ascending limb (TAL) of the loop of Henle: 
Actively reabsorbs NaCl, impermeable to water and 
urea.

• Distal convoluted tubule: Actively reabsorbs NaCl, 
impermeable to water. 

T e “passive countercurrent multiplier hypothesis” 
uses the  ollowing model:
• TAL: Active transport of NaCl into outer medul-

lary interstitium. Dilute tubular  luid to collecting 
ducts. 

• Collecting ducts: Water extracted if vasopressin 
(antidiuretic hormone, ADH) present. Cortical and 
outer portion o  medullary collecting ducts imper-
meable to urea, meaning urea is concentrated in this 
area. 

• Fluid to inner medullary collecting duct, which is per-
meable to urea, so it now di  uses into inner medulla. 

• This high concentration of urea in the medullary 
interstitium helps to extract water  rom the D L. 
Low permeability o  D L to NaCl and urea means 
that NaCl is concentrated. 
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As  luid enters A L, NaCl di  uses into medulla and 
contributes to hypertonicity.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman and 
Gilman’s T e Pharmacological Basis of T erapeutics.  
12th ed. New York, NY: McGraw Hill; 2011.

 9. Signaling via which o  the  ollowing areas is directly 
involved in the nonosmotic release o  vasopressin?

 (A) paraventricular nuclei o  the hypothalamus
 (B) lateral preoptic area o  the hypothalamus
 (C) juxtaglomerular apparatus
 (D) carotid baroreceptors
 (E) zona glomerulosa o  the adrenal cortex

In a response to decreased blood volume, signaling via 
carotid baroreceptors directly results in the non-
osmotic release o  vasopressin. Vasopressin secretion 
may be in response to either changes in plasma osmo-
lality or changes in extracellular  uid volume. Note, 
when  aced with changes to both, vasopressin will 
de end volume at the expense o  plasma osmolality. 
Changes in plasma osmolality are detected by osmore-
ceptors in the supraoptic and paraventricular nuclei o  
the hypothalamus. An increase in plasma osmolality 
leads to vasopressin secretion  rom the posterior pitu-
itary and retention o  water. An increase in plasma 
osmolality detected by osmoreceptors in the lateral 
preoptic area o  the hypothalamus activates the thirst 
mechanism. T e juxtaglomerular apparatus (juxtaglo-
merular cells, macula densa, and lacis cells) in the kid-
ney is involved in regulation o  renin secretion. 
Decreased sodium and chloride delivery to the distal 
renal tubules and decreased arteriolar pressure both 
lead to increased renin secretion, which ultimately 
helps de end extracellular  uid volume via the renin-
angiotensin system. Note that activation o  angioten-
sin II causes multiple e ects, including increased secre-
tion o  vasopressin. T e zona glomerulosa o  the 
adrenal cortex is the site where angiotensin II augments 
the release o  aldosterone. Aldosterone increases 
sodium retention and causes volume expansion.

Refs: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013. 

Barrett KE, Boitano S, Barman SM, Brooks HL. Ganong’s 
Review of Medical Physiology. 24th ed. New York, NY: 
McGraw Hill; 2012.

 10. Angiotensin II plays an important role in the regulation 
o  extracellular  uid volume (ECF). Which o  the  
 ollowing actions is due to angiotensin II?

 (A) inhibition o  aldosterone secretion
 (B) inhibition o  AC H secretion
 (C) inhibition o  vasopressin secretion
 (D) simulation of thirst
 (E) increased renal Na+  excretion

Angiotensin II has multiple e ects: increased aldoste-
rone secretion, increased AC H secretion, increased 
vasopressin secretion, stimulation o  thirst, vasocon-
striction,  acilitation o  norepinephrine release, and 
direct increase in renal Na+  absorption. As part o  the 
renin-angiotensin system (RAS), angiotensin II plays a 
critical role in the regulation o  extracellular  uid vol-
ume (ECF). In general, angiotensin II causes both 
vasoconstriction and the retention o  Na+  and water, 
both o  which serve to maintain blood pressure.

Ref: Barrett KE, Boitano S, Barman SM, Brooks HL. 
Ganong’s Review of Medical Physiology. 24th ed. New York, 
NY: McGraw Hill; 2012.

 11. In the proximal convoluted tubule (PC ) o  the kid-
ney, what is the predominant mechanism o  acid-base 
regulation?

 (A) HCO3
-  is actively transported and reabsorbed 

across the apical membrane.
 (B) H+  is transported into the tubular lumen via 

a Na-H antiporter.
 (C) H+  is actively transported into the tubular 

lumen via a H-A Pase.
 (D) HCO3

-  is transported into the tubular lumen 
via a Na-3HCO3 symporter.

 (E) Carbonic anhydrase in the epithelial cells o  the 
PC  catalyzes the  ormation o  CO2 and H2O.

T e proximal convoluted tubule (PC ) is the main site 
o  HCO3

-  “reabsorption.” However, it is interesting  
to note that no HCO3

-  actually crosses between the 
tubular lumen and the apical border o  the epithelial 
cells o  the PC . Instead, an acid-base process o  H+  
secretion occurs:
• Freely filtered HCO3

-   rom the glomerulus and 
Bowman’s capsule enters the lumen o  the PC 

• In the lumen, carbonic anhydrase catalyzes a reaction 
between HCO3

-  and H+  to  orm H2O and CO2
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• The H+   or this reaction is generated in the epithelial 
cell o  the PC , with carbonic anhydrase catalyzing 
the reaction o  H2O and CO2 to  orm H+  and 
HCO3

-

• This intracellular H+  is transported into the tubular 
lumen via a Na-H antiporter on the apical mem-
brane, generating intracellular HCO3

-

• This HCO3
-  is then transported across the basolat-

eral membrane into the interstitium via a Na-
3HCO3 symporter.

In this way,  reely f ltered HCO3
-  is “reabsorbed” in 

the PC  and returned to the interstitium.

Refs: Eaton DC, Pooler JP. Vander’s Renal Physiology. 8th ed. 
New York, NY: McGraw Hill; 2013.

Hammer GD, McPhee SJ. Pathophysiology of Disease: An 
Introduction to Clinical Medicine. 7th ed. New York, NY: 
McGraw Hill; 2014. 

 12. A patient’s renal  unction, including creatinine concen-
tration, is assessed. A measurement o  plasma creatinine 
concentration is inversely related to:

 (A) renal blood  low
 (B) renal plasma  low
 (C) glomerular filtration rate 
 (D)  iltration  raction
 (E) urea concentration

Creatinine concentration in the blood is inversely 
related to glomerular f ltration rate (GFR). GFR is the 
amount o   uid that the kidney f lters per unit time 
(mL/min). As a rule o  thumb, i  creatinine concentra-
tion doubles then GFR declines by 50%. Renal blood 
 ow (RBF) is the amount o  blood passing through the 
kidneys per unit time (~20% o  total cardiac output or 
~1 L/min). Renal plasma  ow (RPF) is the amount o  
plasma passing through the kidneys per unit time 
(plasma is ~55% o  blood volume). T e f ltration  rac-
tion is the proportion o  renal plasma f ltered at the 
glomeruli (e.g., GFR/RPF). Urea is produced in the 
liver as a breakdown product o  amino acids. A mea-
surement o  blood urea nitrogen (BUN) varies depend-
ing on hydration status and protein metabolism. 
Normal BUN/Cr ratio is 10–20:1. A ratio > 20:1 sug-
gests prerenal causes, while a ratio < 10:1 suggests 
renal causes.

Ref: Laposata M: Laboratory Medicine: T e Diagnosis of  
Disease in the Clinical Laboratory. 2nd ed. New York, NY: 
McGraw Hill; 2014.

 13. A patient with gout is prescribed probenecid. T e same 
patient is also prescribed large doses o  morphine  or 
chronic pain. T eoretically, how may probenecid alter 
the renal excretion o  morphine and its metabolites?

 (A) decrease glomerular  iltration rate (GFR)
 (B) decrease active tubular secretion
 (C) increase passive tubular reabsorption by alkalin-

izing the urine
 (D) decrease passive tubular reabsorption by acidi i-

cation o  the urine
 (E) increase morphine protein binding

In general, drug excretion and elimination by the kid-
ney involves a combination o  glomerular f ltration, 
tubular secretion, and tubular reabsorption. Amount 
o  drug f ltered is proportional to glomerular f ltration 
rate (GFR) and to the amount o   ree drug in the 
plasma (morphine is ~35% bound to albumin). In the 
proximal convoluted tubule, a variety o  transporters 
move anions, cations, and conjugated metabolites into 
the tubular lumen. Passive reabsorption, which may 
occur in either the proximal or distal portion o  the 
tubule, depends on the pH o  the urine. Alkaline urine 
 avors the excretion o  weak acids, while acidif cation 
o  urine  avors excretion o  weak bases. Morphine 
metabolites (morphine-3-glucuronide and morphine-
6-glucuronide) are f ltered at the glomerulus and also 
secreted in the tubular lumen by transporters such as 
OA  (organic anion transporter) and MRP2 (multi-
drug resistance-associated protein 2). Probenecid is a 
medication used in the treatment o  gout. It also has 
utility  or increasing plasma drug concentrations o  
certain medications such as penicillin. Probenecid will 
decrease renal tubular secretion o  various drugs 
(including morphine-3-glucuronide and morphine-
6-glucuronide) by inhibiting a variety o  transporters 
including OA  and MRP2. 

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman 
and Gilman’s T e Pharmacological Basis of T erapeutics.  
12th ed. New York, NY: McGraw Hill; 2011.

Van Crugten J , Sallustio BC, Nation RL, et al. Renal tubular 
transport o  morphine, morphine-6-glucuronide, and  
morphine-3-glucuronide in the isolated per used rat kidney. 
Drug Metab Dispos Biol Fate Chem. 1991; 19:1087–92.
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 14. In the proximal convoluted tubule, the main driving 
 orce  or water and other solute reabsorption is gener-
ated by which o  the  ollowing electrolytes?

 (A) Na+

 (B) K+

 (C) Cl-

 (D) Ca2+

 (E) HCO3
-

Sodium reabsorption in the proximal convoluted 
tubule (PC ) plays a key role generating the driving 
 orce  or transport o  water and other solutes. T e 
epithelial cells o  the PC  actively extrude sodium into 
the interstitium via the Na-K-A Pase. T is sets up a 

gradient  or passive movement o  Na+   rom the tubular 
lumen into the epithelial cell. In order to maintain elec-
troneutrality, movement o  Na+  into the epithelial cell 
requires a corresponding movement o  anions. Solute 
movement into the epithelial cells also results in the 
osmotic movement o  water. T e majority o  potassium 
is reabsorbed in the PC  and thick ascending limb o  
the loop o  Henle. T e distal nephron may either reab-
sorb or secrete potassium depending on the needs o  
the body. Calcium is reabsorbed mostly in the PC  and 
also in the thick ascending limb o  the loop o  Henle 
and the distal convoluted tubule.

Ref: Eaton DC, Pooler JP. Vander’s Renal Physiology. 8th ed. 
New York, NY: McGraw Hill; 2013.
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 CHAPTER 6

Intravenous Fluids and  
Transfusion Medicine

 1. What is the daily maintenance  uid requirement  or a 
80-kg patient?

 (A) 2400 mL
 (B) 2640 mL
 (C) 2880 mL
 (D) 3000 mL
 (E) 4800 mL

 2. When trans using packed red blood cells (PRBCs) it is 
o ten recommended to avoid which o  the  ollowing 
crystalloids? 

 (A) normal saline (0.9% NS)
 (B) lactated Ringer’s solution (LR)
 (C) plasmalyte
 (D) 5% Dextrose in water (D5W)
 (E) D5W +  1/2 NS (0.45% NS)

 3. Glucose is a mandatory  uel source  or the brain, adre-
nal medulla, red blood cells, and wounds. Diabetic 
patients are o ten given an in usion o  dextrose to meet 
these basal energy requirements, reduce loss o  lean 
muscle mass, and to prevent hypoglycemia while on 
insulin in usions. In order to meet these basal glucose 
requirements,  or a 100-kg adult patient, which o  the 
 ollowing is the most appropriate in usion o  5% dex-
trose in water (D5W)? 

 (A) 50 cc/hr 
 (B) 140 cc/hr
 (C) 175 cc/hr
 (D) 200 cc/hr
 (E) 280 cc/hr

 4. A patient’s surgery is postponed due to a scheduling 
con ict. T e adult patient weighs 60 kg and is euvolemic 
with normal electrolytes. T ey are to remain NPO until 
the surgery can be accommodated, which may take up 
to 24 to 48 hours. While the patient remains NPO, 
which o  the  ollowing orders  or intravenous  uid is the 
best  or routine maintenance  uids?

 (A) 100 cc/hr 0.9% NS
 (B) 100 cc/hr 0.45% NS +  20 mEq KCl/L
 (C) 100 cc/hr LR
 (D) 100 cc/hr D5W +  20 mEq KCl/L
 (E) 100 cc/hr D5W +  0.45% NS +  20 mEq KCl/L

 5. T ere is an ongoing debate about the bene ts o  intra-
venous  uid therapy with either crystalloids or colloids. 
For a critically ill patient, an arti cial colloid (e.g., 
hydroxyethyl starch) is selected  or  uid resuscitation. 
In comparison to the administration o  a balanced crys-
talloid (e.g., lactated ringer’s), which o  the  ollowing is 
a potential bene t o  an arti cial colloid? 

 (A) decreased tissue edema
 (B) decreased risk o  death
 (C) decreased risk o  anaphylactic reaction
 (D) decreased risk o  coagulopathy
 (E) decreased risk o  renal impairment
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 6. Which o  the  ollowing is the MOS  appropriate  
indication  or trans usion o  packed red blood cells? 

 (A) a patient with a hemoglobin concentration o   
11 g/dL who is about to undergo an extensive 
orthopedic procedure

 (B) a septic patient in the critical care unit with a 
hemoglobin concentration o  8.2 g/dL

 (C) an acutely bleeding adult patient with a hemo-
globin concentration o  5 g/dL who re uses con-
sent  or trans usion

 (D) a hemodynamically stable patient with extensive 
surgical blood loss, a hemoglobin concentration 
o  7 g/dL, and a mixed venous oxygen saturation 
o  72%

 (E) a hemodynamically stable patient with extensive 
surgical blood loss, a hemoglobin concentration 
o  8.5 g/dL, and a mixed venous oxygen satura-
tion o  52%

 7. In which o  the  ollowing situations is trans usion o  
 resh  rozen plasma LEAS  appropriate? 

 (A) an international standardized ratio (INR) o  1.6 
prior to urgent surgery  or a patient on war arin

 (B) microvascular bleeding a ter trans usion o   
1 blood volume o  packed red blood cells when 
P /P   testing cannot be obtained rapidly

 (C) augmentation o  plasma volume in a patient 
who is bleeding briskly and has already received 
1 L o  crystalloid

 (D) correction o  known  actor de iciencies  or 
which speci ic concentrates are not available

 (E) during massive trans usion o  a trauma patient

 8. Which o  the  ollowing regarding the collection and 
storage o  blood components is INCORREC ?

 (A) Blood collection bags contain citrate, adenine 
and phosphate.

 (B) Frozen red cells may be stored  or 10 years or more.
 (C) Red cells have a maximum shel  li e o  42 days 

when re rigerated.
 (D) Plasma can be  rozen  or up to 1 year be ore 

being thawed  or use.
 (E) Platelets are stored at a temperature o  1–6°C 

and are kept  or a maximum o  5 days.

 9. Which o  the  ollowing is associated with the red blood 
cell (RBC) “storage lesion”?

 (A) increased de ormability o  the RBCs
 (B) increased 2,3-diphosphoglycerate (2,3-DPG)
 (C) increased pH
 (D) vasoconstriction o  the microcirculation
 (E) right shi t o  the oxyhemoglobin dissociation 

curve

 10. Which o  the  ollowing is the MOS  appropriate size 
o   lter to prevent macroaggregate delivery during 
trans usion?

 (A) 1 micron
 (B) 40 microns
 (C) 110 microns
 (D) 170 microns
 (E) 375 microns

 11. An improperly calibrated blood warming device that 
heats the red blood cells (RBCs) to a temperature 
> 45°C may result in which o  the  ollowing?

 (A) red cell  ragmentation and hemolysis.
 (B) red cell adherence and premature clotting.
 (C) a le t shi t in the oxyhemoglobin dissociation 

curve.
 (D) contamination o  the blood with plastic  

polymers  rom the intravenous tubing.
 (E) disseminated intravascular coagulation (DIC).

 12. Cryoprecipitate contains which o  the  ollowing coagu-
lation  actors? 

 (A)  actor II
 (B)  actor VII
 (C)  actor VIII
 (D)  actor IX
 (E)  actor X
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 13. Which o  the  ollowing statements regarding albumin 
solutions  or trans usion is NO  true? 

 (A) Albumin solutions are available in 5% or 25% 
concentrations.

 (B) Albumin provides most o  the colloid oncotic 
pressure in the plasma.

 (C) Albumin is heat treated to inactivate viruses.
 (D) Almost all o  a 5% albumin solution will remain 

in the intravascular compartment.
 (E) Patients with an allergy to eggs should not 

receive an albumin trans usion.

 14. When ordering blood  rom the blood bank, which o  
the  ollowing steps in the type and cross process takes 
the MOS  amount o  time? 

 (A) testing  or ABO type
 (B) testing  or Rh (D) type
 (C) antibody screen
 (D) immediate spin crossmatch
 (E) computer crossmatch

 15. Which o  the  ollowing regarding preoperative autolo-
gous donation (PAD) is FALSE?

 (A) Aortic stenosis is a contraindication to PAD.
 (B) PAD should be considered when there is a high 

likelihood o  > 500–1000 mL blood loss. 
 (C) PAD is more expensive than allogeneic blood 

trans usion.
 (D) By donating their own blood, a patient eliminates 

the risk o  viral transmission associated with 
trans usion.

 (E) PAD units may be used  or other recipients i  
not used  or the intended donor.

 16. Which o  the  ollowing combinations o  blood prod-
ucts would MOS  likely result in an incompatibility 
reaction? 

 (A)  ype O red cells are trans used to a type AB 
patient.

 (B)  ype AB red cells are trans used to a type O 
patient.

 (C)  ype AB plasma is trans used to a type B patient.
 (D)  ype B plasma is trans used to a type O patient.
 (E)  ype A platelets are trans used to type B patient.

 17. Advantages o  recombinant hemoglobin-based oxygen 
carriers over allogeneic blood trans usion may include 
all EXCEP :

 (A) longer hal -li e in the vasculature
 (B) superior shel -li e 
 (C) universal compatibility
 (D) may be acceptable to Jehovah’s Witnesses
 (E) unlimited availability

 18. Features characteristic o   ebrile non-hemolytic trans u-
sion reactions (FNH R) include all EXCEP :

 (A) a rise in temperature > 1°C 
 (B) a higher incidence with red blood cells (RBCs) 

than platelets
 (C) rigors
 (D) hypotension
 (E) caused by cytokines typically released by donor 

leukocytes

 19. A 56-year-old woman is receiving a trans usion o  
RBCs in the operating room  or continued bleeding 
during an abdominal hysterectomy. Over the course o  
5 minutes, you notice hives,  acial edema and an 
increase in peak airway pressures  rom 20 to 35 cmH2O 
while ventilating her with positive pressure ventilation. 
Which o  the  ollowing is the MOS  likely cause o  
this reaction? 

 (A) IgA  rom small amounts o  donor plasma
 (B) citrate in the RBC units
 (C) cytokines  rom leukocytes
 (D)  ree hemoglobin  rom lysed RBCs
 (E) a drug error

 20. A patient receiving a trans usion o  FFP in the PACU 
complains o  pruritus and hives over his chest, neck and 
 ace. A ter stopping the trans usion, which o  the  ol-
lowing would be MOS  appropriate next step? 

 (A) Administer epinephrine 0.3 mg SC.
 (B) Administer epinephrine 0.1 mg IV.
 (C) Administer diphenhydramine 50 mg IV.
 (D) Administer hydrocortisone 100 mg IV.
 (E) Administer dexamethasone 8 mg IV.
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 21. Which o  the  ollowing clinical  eatures is MOS  com-
monly associated with an acute hemolytic trans usion 
reaction? 

 (A)  lank pain
 (B) hypotension
 (C) nausea
 (D) oliguria
 (E)  ever

 22. Which o  the  ollowing BES  describes the etiology o  
a delayed hemolytic trans usion reaction?

 (A) ABO incompatibility
 (B) anamnestic response to an undetected antigen
 (C) lysis o  recipient cells by donor complement
 (D) recipient viral illness at time o  trans usion
 (E) disseminated intravascular coagulation  rom 

 ibrin strands

 23. Which o  the  ollowing in ectious agents is MOS  
likely to be transmitted to a patient during allogeneic 
blood trans usion?

 (A) human immunode iciency virus (HIV)
 (B) hepatitis B
 (C) hepatitis C
 (D) West Nile virus
 (E) human  -cell lymphotrophic virus (H LV)

 24. In which o  the  ollowing scenarios is the trans usion 
o  cytomegalovirus-seronegative blood units LEAS  
likely to o er a sa ety advantage? 

 (A) CMV-seronegative pregnant women
 (B) intrauterine trans usions
 (C) CMV-seronegative allogeneic bone marrow 

transplant recipients
 (D) a patient in ected with HIV
 (E) a patient in ected with hepatitis C

 25. Which o  the  ollowing statements regarding citrate 
intoxication during blood trans usion is CORREC ? 

 (A) Citrate is used as an antioxidant in packed red 
blood cell preparations.

 (B) Citrate is normally metabolized rapidly in the 
liver to bicarbonate.

 (C) Rapid trans usion o  citrated blood can result in 
hypercalcemia.

 (D) A shortened Q  interval is characteristic o  
citrate toxicity.

 (E) Calcium can be added to blood to prevent 
citrate toxicity.

 26. Which o  the  ollowing electrolyte disturbances is 
LEAS  likely a ter trans usion o  packed red cells? 

 (A) hyponatremia
 (B) hyperkalemia
 (C) hypomagnesemia
 (D) hypocalcemia
 (E) hypokalemia

 27. T e trans usion o  multiple units o  cold red blood cells 
may lead to which o  the  ollowing complications? 

 (A) coronary vasospasm
 (B) hemolysis
 (C) decreased a  inity o  hemoglobin  or oxygen
 (D) dilutional thrombocytopenia
 (E) disseminated intravascular coagulation (DIC)

 28. A patient receiving 2 units o   resh  rozen plasma on the 
 oor develops hypoxemia and pulmonary  ailure.  T ree 
hours later, auscultation reveals crackles in all lung 
 elds. Her post-intubation chest X-ray is notable  or 
widespread alveolar in ltrates. Which o  the  ollowing 
 actors best di erentiates trans usion-related acute lung 
injury ( RALI)  rom trans usion-associated circulatory 
overload ( ACO)?

 (A) blood pressure
 (B) presence o  crackles on auscultation
 (C) chest radiograph
 (D) response to diuretics
 (E)  ACO is just a way better acronym
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 29.  rans usion o  blood that has not been leukocyte-
depleted has been shown to result in which o  the  ol-
lowing complications? 

 (A) cerebral edema
 (B) postoperative in ection
 (C) increased rate o  renal allogra t rejection
 (D) snaphylaxis
 (E) hypercalcemia
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Answers and Explanations: 
Intravenous Fluids and Transfusion Medicine

 1. What is the daily maintenance  uid requirement  or a 
80-kg patient?

 (A) 2400 mL
 (B) 2640 mL
 (C) 2880 mL
 (D) 3000 mL
 (E) 4800 mL

Using the “4/2/1” rule the patient will require: 4 mL/
kg/hr  or the  rst 10 kg; 2 mL/kg/hr  or the next 10 kg; 
and 1 mL/kg/hr  or the remaining weight greater than 
20 kg.  otal hourly  uid requirements =  40 mL +  
20 mL +  60 mL =  120 mL/hr. Daily requirements =  
120 mL/hr ×  24 hours =  2880 mL.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 2. When trans using packed red blood cells (PRBCs) it is 
o ten recommended to Avoid which o  the  ollowing 
crystalloids? 

 (A) normal saline (0.9% NS)
 (B) lactated Ringer’s solution (LR)
 (C) plasmalyte
 (D) 5% Dextrose in water (D5W)
 (E) D5W +  1/2 NS (0.45% NS)

Lactated Ringer’s (LR) contains 130 mEq/L sodium, 
4 mEq/L potassium, 3 mEq/L calcium, and 109 mEq/L 
chloride. It is recommended to avoid LR with citrated 
blood products, as theoretically the calcium in the LR 
can chelate the citrate anticoagulant and lead to clot 
 ormation. (However, it should be noted that this com-
mon recommendation is in contrast to many research 
studies that show LR may be used sa ely in the rapid 
trans usion o  PRBCs.) Normal saline, Plasmalyte, and 

D5W do not contain calcium. Another common rec-
ommendation is to avoid the use o  potassium contain-
ing crystalloids (LR or Plasmalyte) in patients with 
hyperkalemia. T is recommendation does not take into 
account the volume o  NS administered. I  a large vol-
ume o  NS is administered (> 20 cc/kg), a patient is at 
risk o  developing a hyperchloremic metabolic acidosis 
which can lead to hyperkalemia (despite the absence o  
potassium in NS!). With this is mind, large volume 
 uid resuscitation with isotonic, balanced crystalloids 
(Lactated Ringer’s or Plasmalyte) is recommended.

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, 
PA: Elsevier; 2015.

Levac B, Parlow JL, van Vlymen J, et al. Ringer’s lactate is 
compatible with saline- adenine-glucose-mannitol pre-
served packed red blood cells  or rapid trans usion. Can J 
Anaesth. 2010; 57(12):1071– 1077.

O’Malley CM, Frumento RJ, Hardy MA, et al. A random-
ized, double-blind comparison o  lactated Ringer’s solu-
tion and 0.9% NaCl during renal transplantation. Anesth 
Analg. 2005; 100(5):1518–1524.

 3. Glucose is a mandatory  uel source  or the brain, adre-
nal medulla, red blood cells, and wounds. Diabetic 
patients are o ten given an in usion o  dextrose to meet 
these basal energy requirements, reduce loss o  lean 
muscle mass, and to prevent hypoglycemia while on 
insulin in usions. In order to meet these basal glucose 
requirements,  or a 100-kg adult patient, which o  the 
 ollowing is the most appropriate in usion o  5% dex-
trose in water (D5W)? 

 (A) 50 cc/hr 
 (B) 140 cc/hr
 (C) 175 cc/hr
 (D) 200 cc/hr
 (E) 280 cc/hr
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For adults, typical basal glucose requirements are 
approximately 2 mg/kg/min. (An important note 
regarding terminology: glucose is also known as  
D-glucose or dextrose. D5W is a water soluble  orm o  
dextrose, dextrose monohydrate. T is slightly alters 
the energy calculation in that D5W provides 3.41 kcal/g 
compared to 4 kcal/g  or glucose taken orally. T is 
means that approximately 17% more D5W than oral 
glucose is required.)
 For a 100-kg patient the basal requirement =  
(2 mg/kg/min ×  100 kg ×  60 min/hr)/1000 mg/g =  
12 g/hr. D5W contains 50 g o  dextrose per liter. 
T ere ore, the patient requires an in usion o  D5W o  
280 cc/hr: (12 g/hr/50 g/L) ×  1000 cc/L) ×  117%.
 Note: Insulin resistance with impaired glucose 
uptake by muscle is common in surgical and critically 
ill patients. T ere ore, the calculation  or basal glucose 
requirements provides a starting point  or glucose 
in usion and close monitoring o  blood glucose is 
required. For otherwise healthy adults, glucose con-
taining solutions are not routinely administered 
perioperatively.
 In ants and children have di erent glucose require-
ments, with recommendations ranging  rom 5 to 
15 mg/kg/min  or premature and term in ants, and 
5 to12 mg/kg/min  or children 1 to 3 years old. Risk o  
intraoperative hypoglycemia is low  or children with 
an appropriate preoperative  asting interval (with clear 
 uids up to 2 hours be ore anesthesia). Routine use o  
glucose-containing solutions is no longer recom-
mended unless a child is at risk o  hypoglycemia 
(preterm, neonate, requiring parenteral nutrition, pro-
longed preoperative starvation, etc.) Research suggests 
that lower dextrose concentrations (1% or 2%, D1W, 
D2W) with LR prevent hypoglycemia without the risk 
o  hyperglycemia associated with 5% dextrose (D5W).

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, 
PA: Elsevier; 2015.

Paut O, Lacroix F. Recent developments in the perioperative 
 uid management  or the paediatric patient, Current 
Opinion in Anaesthesiology. 2006; 19:268–277.

Sumpelmann R, Mader  , Eich C, et al. A novel isotonic-
balanced electrolyte solution with 1% glucose  or intra-
operative  uid therapy in children: Results o  a prospec-
tive multicentre observational post-authorization sa ety 
study (PASS), Pediatric Anesthesia. 2010; 20:977–981.

Cox JH, Melbardis IM. Parenteral Nutrition. In: Samour 
PQ, King K, eds. Handbook of Pediatric Nutrition. 3rd ed. 
Burlington, MA: Jones and Bartlett; 2005;533.

 4. A patient’s surgery is postponed due to a scheduling 
con ict. T e adult patient weighs 60 kg and is euvolemic 
with normal electrolytes. T ey are to remain NPO until 
the surgery can be accommodated, which may take up 
to 24 to 48 hours. While the patient remains NPO, 
which o  the  ollowing orders  or intravenous  uid is the 
best  or routine maintenance  uids?

 (A) 100 cc/hr 0.9% NS
 (B) 100 cc/hr 0.45% NS +  20 mEq KCl/L
 (C) 100 cc/hr LR
 (D) 100 cc/hr D5W +  20 mEq KCl/L
 (E) 100 cc/hr D5W +  0.45% NS +  20 mEq KCl/L

For a 60-kg adult patient who is euvolemic without  
electrolyte abnormalities and NPO, 100 cc/hr D5W +  
0.45% NS +  20 mEq KCl/L is the best choice  or rou-
tine maintenance  uid. Over the course o  24 hours, 
this maintenance  uid provides 2400 cc  uid, 120 g 
dextrose, 48 mEq o  K+ , and 185 mEq o  Na+ .
 T e other options provide adequate  uid but in the 
case o  NS and LR, excess sodium and inadequate 
potassium, and in the case o  0.45% NS +  20 mEq 
KCl/L, inadequate glucose.
 Notes: In general, during the intraoperative period 
isotonic crystalloids (NS or LR) are used  or  uid de -
cits, maintenance, and losses. Surgical patients have a 
predisposition  or hyponatremia due to many intraop-
erative  actors including surgical stress and pain which 
result in increased secretion o  ADH. Hypotonic  uids 
with excess  ree water (D5W or 0.45% NS) are typi-
cally avoided. 
  wenty mEq KCl/L does not meet the estimated 
daily needs  or potassium replacement. However, 
intravenous KCl can irritate peripheral veins and the 
concentration must be limited. I  insuf cient  uid or 
energy intake extends  or more than 1 or 2 weeks, 
then enteral or parenteral nutrition should be consid-
ered. Maintenance  uids provide a starting point  or 
patient  uid management and ongoing evaluation o  
the patient (weight, physical exam, electrolytes) is 
required.
 T e earlier this was 4/2/1 rule estimates routine 
maintenance  uids  or a 60-kg patient as:

    4 ×  1st 10 kg =  40 cc/hr
   2 ×  2nd 10 kg =  20 cc/hr
1 ×  remaining 40 kg =  40 cc/hr

 otal =  100 cc/hr or 2400 cc/day
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 Alternatively, daily water loss  or the “average” per-
son is approximately 2 L/day:
• urine 1400 cc
• sweat 100 cc
• feces 100 cc
• insensible losses 700 cc
 otal =  2300 cc/day
Based on this assumption, a 60-kg patient requires 
maintenance  uids o  approximately 95 cc/hr.
 Regarding the composition o  the maintenance 
 uid  or adults: sodium requirements =  1.5 to 2 mEq/
kg/day; potassium requirements =  1 to 1.5 mEq/kg/
day; and glucose requirements =  ~2 mg/kg/min. 
Based on these estimates, a 60 kg patient requires 90 to 
120 mEq/day o  sodium, 60 to 90 mEq/day o  potas-
sium, and approximately 7.2 g o  glucose per hour 
(173 g/day).
  ypical intravenous crystalloids have the  ollowing 
composition:
• 0.9% Normal Saline (NS) =  Na+  154 mEq/L, K+  

0 mEq/L, glucose 0 mEq/L
• 0.45% NS =  Na+  77 mEq/L, K+  0 mEq/L, glucose 

0 mEq/L
• Lactated Ringer’s (LR) =  Na+  130 mEq/L, K+   

4 mEq/L, glucose 0 mEq/L
• 5% dextrose in water (D5W) =  Na+  0 mEq/L, K+  

0 mEq/L, glucose 50 g/L
• D5W +  0.45% NS =  Na+  77 mEq/L, K+  0 mEq/L, 

glucose 50 g/L

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, 
PA: Elsevier; 2015.

Sterns RH. Maintenance and replacement  uid therapy in 
adults. In: Up oDate, Forman JP (Ed), Up oDate, 
Waltham, MA. (Accessed on September 19, 2014.)

 5. T ere is an ongoing debate about the bene ts o  intra-
venous  uid therapy with either crystalloids or colloids. 
For a critically ill patient, an arti cial colloid (e.g., 
hydroxyethyl starch) is selected  or  uid resuscitation. 
In comparison to the administration o  a balanced crys-
talloid (e.g., lactated ringer’s), which o  the  ollowing is 
a potential bene t o  an arti cial colloid? 

 (A) decreased tissue edema
 (B) decreased risk o  death
 (C) decreased risk o  anaphylactic reaction
 (D) decreased risk o  coagulopathy
 (E) decreased risk o  renal impairment

Signi cant controversy exists about the optimal type o  
 uid  or volume replacement perioperatively. Compli-
cating the matter, a signi cant number o  previously 
published trials involving arti cial colloids have been 
retracted due to academic misconduct. 
 In comparison to arti cial colloids, balanced crys-
talloids have a reduced risk o  anaphylactic reaction, 
decreased risk o  coagulopathy (although crystalloids 
can still cause a dilutional coagulopathy), and decreased 
risk o  renal impairment.
 Meta-analysis o  data shows no compelling evidence 
that one  uid is superior to another with respect to 
mortality. Given that crystalloids are inexpensive, 
many authors question the routine use o  colloids 
perioperatively.
 A signi cant proportion o  crystalloid volume ends 
up in extravascular compartments. Peripheral edema 
and organ edema can result. A potential advantage o  
colloids is that a relatively smaller volume o   uid is 
required, as more o  it stays in the intravascular space. 
T is reduces tissue edema. As to whether colloids 
improve tissue microcirculation and oxygenation, 
again this is controversial. Many studies have been 
retracted and animal studies do not show improved 
microcirculation.

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, 
PA: Elsevier; 2015.

Reilly C, Retraction. Notice o   ormal retraction o  articles 
by Dr. Joachim Boldt. Br J Anaesth. 2011; 107(1): 
116–117.

T e SAFE Study Investigators, A Comparison o  Albumin 
and Saline  or Fluid Resuscitation in the Intensive Care 
Unit. N Engl J Med. 2004; 350:2247–2256.

Guerci P,  ran N, Menu P, et al. Impact o   uid resuscitation 
with hypertonic- hydroxyethyl starch versus lactated 
ringer on hemorheology and microcirculation in hemor-
rhagic shock. Clin Hemorheol Microcirc. 2014; 56(4): 
301–317.

 6. Which o  the  ollowing is the MOS  appropriate indi-
cation  or trans usion o  packed red blood cells? 

 (A) a patient with a hemoglobin concentration o   
11 g/dL who is about to undergo an extensive 
orthopedic procedure

 (B) a septic patient in the critical care unit  with a 
hemoglobin concentration o  8.2 g/dL

 (C) an acutely bleeding adult patient with a hemo-
globin concentration o  5 g/dL who re uses con-
sent  or trans usion
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 (D) a hemodynamically stable patient with extensive 
surgical blood loss, a hemoglobin concentration 
o  7 g/dL, and a mixed venous oxygen saturation 
o  72%

 (E) a hemodynamically stable patient with  
extensive surgical blood loss, a hemoglobin 
concentration of 8.5 g/dL, and a mixed 
venous oxygen saturation of 52%

 raditional teaching dictated that patients should be 
trans used red cells based on the “10/30 rule” (i.e., a 
 xed trans usion trigger o  a hemoglobin concentration 
o  10 g/dL or a hematocrit o  30%). However, numer-
ous studies highlighting the adverse e ects o  unneces-
sary trans usion, as well as concern over transmission o  
in ectious agents, has led to a more evidence-based 
restrictive approach. T ere is essentially only one indica-
tion  or trans usion: to increase the delivery o  oxygen to 
the cells. T is is calculated by the  ormula:
Oxygen delivery (DO2) =   cardiac output  

×  arterial oxygen content
Substituting the  actors that produce those terms, we 
get:
 DO2 =   [HR ×  stroke volume] ×  [(1.34 ×  Hb  

×  SaO2) +  0.003 ×  PaO2]
where HR =  heart rate, and Hb is hemoglobin con-
centration. Stroke volume is in uenced by preload, 
a terload, and contractility. T us, in order to increase 
the delivery o  oxygen to the tissues, one or more 
options  or therapy exist:

 1. Increase the heart rate.
 2.  Optimize the preload (may require diuresis or  

volume expansion).
 3.  Optimize the a terload (usually requires a terload 

reduction).
 4. Increase contractility.
 5.  Increase the FiO2 and ventilatory strategies (i.e., 

PEEP) to improve both SaO2 and PaO2. 
 6.  rans use red blood cells.

 ypically in the healthy, bleeding patient the body 
automatically compensates by increasing cardiac out-
put. T e ASA have published a practice guideline  or 
blood component therapy, stating that red cell trans u-
sion is rarely indicated when hemoglobin concentra-
tion is > 10 g/dL, and is almost always indicated when 
hemoglobin concentration is < 6 g/dL. T ese are not 
hard and  ast rules, and other  actors must be taken into 
account, including the rate o  bleeding, hemodynamic 
 actors, and institutional speed o  blood delivery. 

 Many anesthesiologists aim to trans use at a hemo-
globin somewhere in between these two values; how-
ever, the presence o  comorbidities such as coronary 
disease, pulmonary disease, or those states where meta-
bolic demand is increased (sepsis,  ever) should prompt 
consideration o  a more liberal trans usion threshold. 
Rather than relying on an empiric numerical threshold, 
trans usion should be guided by clinical signs o  inade-
quate oxygen delivery such as decreased urine output, 
altered mental status, EKG signs o  ischemia and/or 
hemodynamic instability. T e mixed venous oxygen 
saturation can also aid in decision making. A normal 
SvO2 (60%–80%) usually indicates normal delivery 
and extraction; however, when this begins to  all, one or 
more o  three conditions must be present: inadequate 
cardiac output (either absolute or relative), inadequate 
SaO2, or inadequate hemoglobin concentration. 
 Critically ill patients (excluding those with acute 
coronary syndrome) appear to do better with a restric-
tive trans usion trigger (7 g/dL) compared to a liberal 
one (9 g/dL).  rans usion o  blood products to compe-
tent, adult patients who re use them is ethically 
unsound and a  orm o  assault. Alternative means o  
maximizing oxygen delivery should be discussed and 
implemented.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 7. In which o  the  ollowing situations is trans usion o  
 resh  rozen plasma LEAS  appropriate? 

 (A) an international standardized ratio (INR) o  1.6 
prior to urgent surgery  or a patient on war arin

 (B) microvascular bleeding a ter trans usion o   
1 blood volume o  packed red blood cells when 
P /P   testing cannot be obtained rapidly

 (C) augmentation of plasma volume in a patient 
who is bleeding briskly and has already 
received 1 L of crystalloid

 (D) correction o  known  actor de iciencies  or 
which speci ic concentrates are not available

 (E) during massive trans usion o  a trauma patient

According to the ASA practice guidelines on blood 
component therapy, plasma therapy should be reserved 
 or speci c indications, including:
• urgent reversal of warfarin therapy
• correction of excessive microvascular bleeding with 

elevated coagulation indices (P /P  /INR)
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• correction of microvascular bleeding associated with 
large volume (i.e. > 1 blood volume) red cell trans u-
sion and when P /P  /INR are not available in a 
timely manner

• correction of known factor deficiencies when those 
speci ic concentrates are not available

• heparin resistance in a patient requiring heparin.
 Other indications include severe liver disease or 
liver transplantation, thrombotic thrombocytopenic 
purpura, hemolytic uremic syndrome, and HELLP 
syndrome. Plasma should not ordinarily be adminis-
tered as a means o  increasing volume status. Physio-
logically balanced crystalloid or synthetic colloid solu-
tions should be used  rst in these circumstances. An 
exception to this appears to be in trauma, in which the 
empiric use o  high ratio o  plasma to red cell (e.g., 1:1 
or 1:2) trans usion early (rather than crystalloid  ol-
lowed by red cells), has been demonstrated in some 
studies to reduce overall blood loss, trans usion 
requirements, and mortality.
 Dosing o  plasma is o ten prescribed empirically, 
without thought to the goal. For an increase to a mini-
mum o  30% o  plasma  actors concentration, a dose 
o  10 to 15 mL/kg is typical. For reversal o  war arin 
anticoagulation, a lower dose o  5 to 8 mL/kg is all that 
is required.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 8. Which o  the  ollowing regarding the collection and 
storage o  blood components is INCORREC ?

 (A) Blood collection bags contain citrate, adenine 
and phosphate.

 (B) Frozen red cells may be stored  or 10 years or 
more.

 (C) Red cells have a maximum shel  li e o  42 days 
when re rigerated.

 (D) Plasma can be  rozen  or up to one year be ore 
being thawed  or use.

 (E) Platelets are stored at a temperature of 1–6°C 
and are kept for a maximum of 5 days.

Whole blood is collected in bags containing citrate-
phosphate-dextrose-adenine 1 (CPDA-1). Citrate is an 
anticoagulant, phosphate is a bu er, dextrose is an 
energy source  or the red cells, and adenine allows 
RBCs to resynthesize A P, extending the shel  li e  rom 
21 to 35 days (when re rigerated). T e shel  li e o  cen-

tri uged, packed RBCs can be extended to 42 days by 
adding 100 mL o  a nutritive solution containing either 
dextrose and adenine (NutriCell or AS-3) or dextrose, 
adenine and mannitol (Adsol or AS-1). Frozen red cells 
which are suspended in a glycerol solution can be stored 
 or over 10 years. Once thawed, they should be used 
within 24 hours. Similarly,  rozen plasma can be  
stored  or up to 1 year.
 In the United States, platelets are typically prepared 
by centri uging whole blood using a “so t spin” and 
separating the platelet rich plasma  rom red cells. T e 
plasma is then subjected to a “hard spin” to concen-
trate the platelets. Platelet concentrates  rom 4 to 
6 units are mixed with the plasma  rom one donor to 
create one adult dose (“platelet pack”). In Europe, a 
slightly di erent method called the bu y-coat method 
is utilized, but the end product is essentially the same. 
Both o  these products are pooled donor products. In 
contrast, apheresis platelets are collected  rom a single 
donor using special pheresis centri uge, which removes 
the platelet component  rom whole blood and 
returns the plasma, red cells and leukocytes to the 
donor using the same intravenous cannula. Platelets 
must be stored at room temperature on an agitator  or 
no longer than 5 days (7 days in some settings where 
they are tested  or bacterial contamination). Cold tem-
peratures degrade the quality o  the platelet, rendering 
them  unctionally inactive.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 9. Which o  the  ollowing is associated with the red blood 
cell (RBC) “storage lesion”?

 (A) increased de ormability o  the RBCs
 (B) increased 2,3-diphosphoglycerate (2,3-DPG)
 (C) increased pH
 (D) vasoconstriction of the microcirculation
 (E) right shi t o  the oxyhemoglobin dissociation 

curve

A P levels within stored RBCs  all in a time-depen-
dent manner, which has negative e ects on cellular 
processes such as RBC membrane stability, oxidative 
stress de ense mechanisms, and glucose transport. T is 
leads to increased cell  ragility and decreased de orm-
ability, which can result in cell rupture, increased  ree 
hemoglobin, and blocked capillaries due to the inabil-
ity o  the RBC to “ old” through the tight channel.
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 One o  the most notable changes in stored blood is 
the  all in 2,3-DPG, an allosteric modi er o  hemoglobin 
that plays a crucial role in the release o  oxygen at the 
tissue level. Levels o  2,3-DPG  all quickly, becoming 
undetectable within 2 weeks. T is leads to a le t-shi t 
in the oxyhemoglobin dissociation curve (despite an 
increase in hydrogen ions, CO2 and decreased pH). 
T is persists  or approximately 6 to 72 hours a ter 
trans usion, so that while these donor erythrocytes 
may be transported to the tissues, oxygen may be less 
likely to become unbound  or a given tissue PO2. T e 
clinical signi cance o  this is unclear. 
 When hemoglobin encounters areas o  regional 
hypoxia, it releases the vasodilator S-nitrosothiol 
(SNO), which is  ormed when a nitric oxide equiva-
lent binds to hemoglobin. SNO is released in propor-
tion to hemoglobin oxygen desaturation, thereby 
matching regional tissue per usion and delivery o  oxy-
gen to metabolic demand. During the  rst  ew hours 
o  storage, SNO activity is almost obliterated, and this 
component o  the storage lesion is thought to result in 
altered oxygen delivery within the microcirculation, 
especially to “at-risk” tissues.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 10. Which o  the  ollowing is the MOS  appropriate size 
o   lter to prevent macroaggregate delivery during 
trans usion?

 (A) 1 micron
 (B) 40 microns
 (C) 110 microns
 (D) 170 microns
 (E) 375 microns

Standard blood administration sets contain 170 
micron  lters, which are designed to prevent the pas-
sage o  large clots and aggregates, while ensuring an 
e ective trans usion  ow rate. Most standard blood 
 lters o  this size are designed to  lter 2 to 4 units o  
blood be ore changing. Otherwise, these sets should be 
changed every 12 hours or i   ow rates are compro-
mised. T e administration set used in most rapid tran-
 usion devices (e.g., Level 1) also contain a 170-micron 
 lter.
 Smaller, 20- to 40-micron micropore  lters are used 
by some to  lter out  brin, leukocytes and red cell 
components; however, there is insuf cient evidence to 

recommend their routine use. T ey may be use ul in 
rapid, massive trans usion, although because they may 
slow down  ow rates (especially as they become 
clogged with debris) they may need to be changed 
 requently.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 11. A improperly calibrated blood warming device that 
heats the red blood cells (RBCs) to a temperature 
> 45°C may result in which o  the  ollowing?

 (A) red cell fragmentation and hemolysis
 (B) red cell adherence and premature clotting
 (C) a le t shi t in the oxyhemoglobin dissociation 

curve
 (D) contamination o  the blood with plastic  

polymers  rom the intravenous tubing
 (E) disseminated intravascular coagulation (DIC)

Heating devices  or blood in usion sets must be cali-
brated properly. Blood that is too cold (below body 
temperature) will quickly contribute to hypothermia. 
Prior to the introduction o  routine blood warming, 
the rate o  ventricular arrhythmias  ollowing cold 
blood trans usion was alarmingly high. On the other 
extreme, superheated (> 45°C) red cells can exhibit 
heat denaturation (budding and  ragmentation), which 
leads to hemolysis. Blood should be administered 
through a warmer that is routinely checked and cali-
brated. Blood should never be heated in other ways, 
such as by using a microwave oven. Unless you’re a 
vampire. T en I guess it’s okay.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 12. Cryoprecipitate contains which o  the  ollowing coagu-
lation  actors? 

 (A)  actor II
 (B)  actor VII
 (C) factor VIII
 (D)  actor IX
 (E)  actor X

Cryoprecipitate is prepared by thawing  resh  rozen 
plasma (FFP) between 1°C and 6°C and recovering the 
precipitate. T e FFP may either be derived  rom a 
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whole blood collection or an apheresis collection. 
Once obtained by centri ugation, the cold-insoluble 
precipitate is re rozen, and typically has a volume o   
10 to 20 mL.
 Cryoprecipitate contains most o  the  actor VIII, 
 brinogen,  actor XIII, VWF and  bronectin  rom the 
FFP. Fibrinogen is the most important  actor, with each 
bag containing approximately 150 to 250 mg o   brin-
ogen. In a 70-kg patient, 1 bag o  cryoprecipitate should 
raise the  brinogen level by about 45 mg/dL. Cryopre-
cipitate is indicated  or the treatment o  microvascular 
or massive bleeding associated with hypo brinogen-
emia (< 100 mg/dL), or clinical suspicion o  hypo bri-
nogenemia in the setting o  massive bleeding where 
clinical status precludes waiting  or laboratory con r-
mation o   brinogen concentration. Cryoprecipitate is 
also used  or the treatment o  bleeding in patients with 
von Willebrand’s disease or hemophilia A, when spe-
ci c  actor concentrates are unavailable and/or DDAVP 
is unavailable or ine ective.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 13. Which o  the  ollowing statements regarding albumin 
solutions  or trans usion is NO  true? 

 (A) Albumin solutions are available in 5% or 25% 
concentrations.

 (B) Albumin provides most o  the colloid oncotic 
pressure in the plasma.

 (C) Albumin is heat treated to inactivate viruses.
 (D) Almost all o  a 5% albumin solution will remain 

in the intravascular compartment.
 (E) Patients with an allergy to eggs should not 

receive an albumin transfusion.

Albumin is synthesized by the liver and is an abundant 
protein both in the intravascular compartment and in 
the interstitial space. Albumin is the primary transport 
protein in the blood and contributes signi cantly 
(approximately 75%) to the oncotic pressure o  the 
plasma.
 Albumin solutions are intravenous colloid solutions 
that are prepared by diluting human-derived albumin 
protein in isotonic saline.  wo concentrations are 
available, an isotonic 5% solution, and a hyperoncotic 
25% solution. While the 5% solution can be used  or 

volume expansion during hypovolemia and blood loss, 
the 25% solution should only be used to shi t  uid 
 rom the interstitium into the intravascular space in 
cases o  hypoalbuminemia. Both solutions are heated 
to 60°C  or 10 hours to reduce the risk o  transmission 
o  viral diseases. 
 T e vast majority o  5% albumin solution will 
remain in the intravascular space, expanding the intra-
vascular volume by (approximately) the amount 
trans used, compared to 25% to 30% o  the volume o  
crystalloid. T is makes it an excellent volume expander, 
as there is little shi t to either the interstitial or intracel-
lular compartments. 
 Allergic reactions to albumin are rare (0.1%), and 
are generally less common that those seen with the 
synthetic colloids. Egg allergy is not a contraindication 
 or the use o  albumin, as the primary egg protein, 
ovalbumin (kd), is structurally di erent than human 
albumin (67 kd).

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 14. When ordering blood  rom the blood bank, which o  
the  ollowing steps in the type and cross process takes 
the MOS  amount o  time? 

 (A) testing  or ABO type
 (B) testing  or Rh (D) type
 (C) antibody screen
 (D) immediate spin crossmatch
 (E) computer crossmatch

Compatibility testing o  blood prior to trans usion 
involves several steps. T e  rst steps are re erred to as 
the “type and screen”:

TABLE 6-1. Type and screen procedures and time required 
for each step.

Test  Time (min)  Information

ABO type   5  Recipient RBCs tested for A and B 
antigen

Rh (D) type   5  Recipient RBCs tested for D 
antigen

Antibody screen  45  Screens for RBC alloantibodies 
formed as a result of prior 
transfusion or pregnancy (using 
the indirect Coombs test or gel 
column agglutination)
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 A type and screen is usually ordered when there is a 
low risk (< 10% chance) o  trans usion during a 
surgical procedure or hospital admission. Most minor 
surgeries do not require even a type and screen. For 
procedures in which trans usion is planned or the pro-
cedure carries a higher risk (> 10%) o  trans usion, a 
serologic cross-match is indicated. Assuming the anti-
body screen is negative, there are two ways that this 
can be rapidly per ormed:
• Immediate spin crossmatch ( ime required: 

5 minutes).  esting involves mixing o  donor RBCs 
and recipient plasma.  his is used to veri y ABO 
compatibility only.

• Computer crossmatch ( ime required: 2 minutes). 
 he computer selects appropriate unit(s) based on 
ABO status.

However, i  the initial antibody screen is positive, an 
antiglobulin crossmatch is mandatory. T is involves 
incubation o  donor RBCs with recipient plasma and 
anti-IgG. Because  nding donor units that are com-
patible with these o ten rare antibodies present in the 
recipient blood, patients with a positive antibody 
screen should have donor red cell units made available 
be ore surgery.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 15. Which o  the  ollowing regarding preoperative autolo-
gous donation (PAD) is FALSE?

 (A) Aortic stenosis is a contraindication to PAD.
 (B) PAD should be considered when there is a high 

likelihood o  > 500–1000 mL blood loss. 
 (C) PAD is more expensive than allogeneic blood 

trans usion.
 (D) By donating their own blood, a patient elimi-

nates the risk of viral transmission associated 
with transfusion.

 (E) PAD units may be used  or other recipients i  
not used  or the intended donor.

PAD became popular in the 1980s and 1990s during a 
time o  heightened concern about transmission o  in ec-
tious agents during allogeneic blood trans usion. In 
recent years, it has experienced a decline, due to a num-
ber o   actors, including cost, better surgical blood con-
servation measures, and a lack o  evidence supporting its 
use. Several studies have shown that PAD induces a pre-
operative anemia and increases the risk  or trans usion 
compared to patients who do not participate in PAD. 

 Patients who are usually considered  or PAD should 
be in good general health, are able tolerate iron therapy 
during the collection period, and are undergoing a 
procedure in which there is a good likelihood o  losing 
500 to 1000 mL or more o  blood. Contraindications 
relate to the e ect o  creating acute anemia, and 
include ischemic heart disease, heart  ailure, aortic ste-
nosis, ventricular arrhythmias, cerebrovascular disease, 
and uncontrolled hypertension.
 PAD is signi cantly more expensive ( rom $70 to 
> $4000 per unit) compared to allogeneic blood. Con-
tributing to this is the additional time and attention 
required by autologous donor/patients, the increased 
clerical requirements, the special handling required 
(additional labels, special storage, etc.), and the enor-
mous wastage o  autologous blood—approximately 
50% is not trans used.
 PAD units may be designated  or “crossover” i  not 
used and are there ore available  or use by the blood 
bank as needed. In these cases, the units must undergo 
the same in ectious testing as allogeneic units, even i  
trans used to the original donor/patient. One o  the 
purported advantages o  PAD, the reduction in in ec-
tive risk, is not completely eliminated, as clerical error 
may result in a patient receiving an allogeneic unit.

Ref: Hillyer CD, Silberstein LE, Ness PM, Anderson KC, 
Roback JD. Blood Banking and Transfusion Medicine: Basic 
Principles and Practice. 2nd ed. Philadelphia, PA: 
Churchill Livingstone; 2007. 

 16. Which o  the  ollowing combinations o  blood prod-
ucts would MOS  likely result in an incompatibility 
reaction? 

 (A)  ype O red cells are trans used to a type AB 
patient.

 (B) Type AB red cells are transfused to a type O 
patient.

 (C)  ype AB plasma is trans used to a type B patient.
 (D)  ype B plasma is trans used to a type O patient.
 (E)  ype A platelets are trans used to type B patient.

T e ABO blood type is the most important o  all the 
red blood cell antigens. T ere are  our di erent blood 
groups, determined by the presence or absence o  A 
and/or B antigens ( able 6-2). Normally, antibodies 
are produced against the antigen(s) that are NO  pres-
ent. For example, a patient with type B blood will have 
anti-A antibodies that attack RBCs donated  rom both 
group A and group AB individuals.
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TABLE 6-2. Blood groups and compatibility.

Blood group  Red cells express  Plasma contains

O  Neither A nor B antigen Both anti-A and anti-B 
antibodies

A  A antigen  Anti-B antibody
B  B antigen  Anti-A antibody
AB Both A and B antigen  Neither anti-A nor anti-B 

antibody

T e  ollowing principles should be adhered to when 
managing trans usions:
• Transfused RBCs should be ABO (and Rh-group) 

speci ic. In an emergency, group O-negative cells can 
be used until the group is known. Since group O 
RBCs lack both antigens, patients with this blood 
type are considered the universal donor, and these 
cells can be given to any ABO group.  ype AB 
patients lack antibodies to A and B in their plasma 
and there ore can receive any ABO blood type (uni-
versal recipient).

• Plasma and cryoprecipitate should also be ABO 
compatible with the recipient’s red cells. Additional 
testing beyond ABO and Rh grouping (i.e., antibody 
screening and crossmatching) are not required  or 
components derived  rom plasma. Group AB plasma 
contains no antigens and is there ore considered the 
universal donor.

• Platelets should ideally be ABO compatible. How-
ever, due to supply issues, this is not always possible, 
and ABO nonidentical platelets may be trans used. 
Additional testing beyond ABO and Rh grouping 
(i.e., antibody screening and crossmatching) are not 
required  or platelets.

Ref: Hillyer CD, Silberstein LE, Ness PM, Anderson KC, 
Roback JD. Blood Banking and Transfusion Medicine: Basic 
Principles and Practice. 2nd ed. Philadelphia, PA: 
Churchill Livingstone; 2007. 

 17. Advantages o  recombinant hemoglobin-based oxygen 
carriers over allogeneic blood trans usion may include 
all EXCEP :

 (A) longer half-life in the vasculature
 (B) superior shel -li e 
 (C) universal compatibility
 (D) may be acceptable to Jehovah’s Witnesses
 (E) unlimited availability

T e purpose o  hemoglobin-based oxygen carriers is to 
provide a means  or oxygen delivery without the risks 

and/or reliance on traditional allogeneic donor blood. 
Several types have been developed, including  ree acel-
lular human or bovine hemoglobin, polymerized 
hemoglobin, liposomal encapsulated hemoglobin, and 
recombinant hemoglobin. However, there are no 
hemoglobin-based oxygen carriers currently approved 
 or use in the United States (or most other countries), 
largely because o  absence o  good e ect in animal tri-
als, as well as concern  or toxicity related to nitric oxide 
scavenging, vasoconstriction, reduced oxygen delivery 
to hypoxic tissues, and systemic and pulmonary hyper-
tension. Nonetheless, research still continues because 
o  a number o  theoretical bene ts. 
 One such bene t is a longer shel  li e, because these 
solutions do not contain living, respiring cells. Second, 
because recombinant hemoglobin is produced by bacte-
ria, the risk o  mammalian disease agents is eliminated, 
and the supply is theoretically very large. Recombinant 
hemoglobin lacks a cell membrane and its associated 
antigens, so there are no restrictions with respect to 
compatibility, and persons o  any blood type can receive 
these products. Modern recombinant hemoglobin mol-
ecules have an oxygen af nity that is use ul, i  not exactly 
the same as HbA (P50 o  acellular Hb =  18 mm Hg). 
However, these molecules are relatively short-lived in 
the plasma, with an intravascular hal -li e o  less than  
1 day. Many Jehovah’s Witnesses will consent to receive 
these solutions (despite their unavailability), as they are 
not a human-derived blood product.

Ref: Hillyer CD, Silberstein LE, Ness PM, Anderson KC, 
Roback JD. Blood Banking and Transfusion Medicine: Basic 
Principles and Practice. 2nd ed. Philadelphia, PA: 
Churchill Livingstone; 2007. 

 18. Features characteristic o   ebrile nonhemolytic trans u-
sion reactions (FNH R) include all EXCEP :

 (A) a rise in temperature > 1°C 
 (B) a higher incidence with red blood cells 

(RBCs) than platelets
 (C) rigors
 (D) hypotension
 (E) caused by cytokines typically released by donor 

leukocytes

An FNH R is classically described as a  ever (> 1°C) 
occurring during or shortly a ter trans usion,  
associated with chills, rigors, and occasionally hypo-
tension, that is sel -limiting. While  ever is typical, it is 
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not always present, especially i  the patient is taking 
antipyretic drugs such as acetaminophen.
 T e cause o  FNH R is thought to be a reaction 
between recipient antibodies and antigens expressed 
on the sur ace o  donor cells, usually leukocytes. For 
that reason, it is substantially more common in platelet 
trans usion (approximately 1:10 trans usions) than 
RBC trans usion (1:300 trans usions), since platelet 
units are typically contaminated by leukocytes. T is 
reaction releases proin ammatory cytokines that pro-
duce the  ever, chills, and hypotension. T e use o  leu-
koreduction  lters does not predictably reduce the 
incidence o  FNH R, because these  lters do not pre-
vent the trans usion o  prereleased cytokines.
 Management o  FNH R centers around ruling out 
other causes o  trans usion reaction (especially acute 
hemolytic trans usion reaction),  ollowed by symp-
tomatic treatment o  the  ever with acetaminophen. I  
the rigors are severe and no contraindications exist, 
meperidine 25 to 50 mg can be e ective.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 19. A 56-year-old woman is receiving a trans usion o  
RBCs in the operating room  or continued bleeding 
during an abdominal hysterectomy. Over the course o  
5 minutes, you notice hives,  acial edema and an 
increase in peak airway pressures  rom 20 to 35 cmH2O 
while ventilating her with positive pressure ventilation. 
Which o  the  ollowing is the MOS  likely cause o  
this reaction? 

 (A) IgA from small amounts of donor plasma
 (B) citrate in the RBC units
 (C) cytokines  rom leukocytes
 (D)  ree hemoglobin  rom lysed RBCs
 (E) a drug error

 rans usion-associated anaphylactic reactions are rare, 
with a reported incidence o  1 in 20,000 to 50,000. 
Reactions usually begin within 1 to 45 minutes o  the 
commencement o  trans usion.
 T ere are several causes o  trans usion-related ana-
phylaxis. One o  the most well-described is the deliv-
ery o  plasma containing IgA to patients with selective 
IgA de ciency who have anti-IgA antibodies. IgA de -
ciency is not uncommon (1 in 300 to 500 individuals). 

Other causes include recipients who lack haptoglobin 
and have anti-haptoglobin antibodies, and the trans er 
o   ood (e.g. peanut) allergens that were ingested by 
the donor and trans used to a sensitized recipient. I  a 
patient is known to be IgA de cient and requires a 
trans usion, only washed RBCs should be used. Simi-
larly, i  plasma is to be trans used, IgA-de cient plasma 
 rom IgA-de cient donors can be specially ordered.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 20. A patient receiving a trans usion o  FFP in the PACU 
complains o  pruritus and hives over his chest, neck 
and  ace. A ter stopping the trans usion, which o  the 
 ollowing would be the MOS  appropriate next step?

 (A) Administer epinephrine 0.3 mg SC.
 (B) Administer epinephrine 0.1 mg IV.
 (C) Administer diphenhydramine 50 mg IV.
 (D) Administer hydrocortisone 100 mg IV.
 (E) Administer dexamethasone 8 mg IV.

Urticarial trans usion reactions (U Rs) are a minor 
allergic reaction thought to be caused by soluble aller-
gens in the trans used plasma portion o  blood reacting 
with preexisting IgE recipient antibodies. Degranula-
tion o  mast cells and basophils results, with histamine 
and other vasoactive mediators causing urticaria. 
Other symptoms may include bronchial reactivity 
(e.g., coughing, wheezing), abdominal cramps, diar-
rhea, nausea, and vomiting. T ese reactions are rela-
tively common, especially with plasma containing 
components (1 in 100 units trans used).
 Immediate management should involve stopping 
the trans usion  ollowed by the administration o  25 to 
50 mg diphenhydramine. I  the urticaria resolve and 
there is an absence o  more serious clinical  eatures 
such as hypotension, dyspnea, or laryngeal edema, the 
trans usion may be restarted. Epinephrine and cortico-
steroids should be reserved  or anaphylactic and ana-
phylactoid reactions. Premedication with antihista-
mines or steroids has not be proven to be e ective 
against these reactions. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

MCGH380-CH06_163-182.indd   177  10/09/16   7:05 PM



178  6: Intravenous Fluids and Transfusion Medicine 

 21. Which o  the  ollowing clinical  eatures is MOS  com-
monly associated with an acute hemolytic trans usion 
reaction? 

 (A)  lank pain
 (B) hypotension
 (C) nausea
 (D) oliguria
 (E) fever

Acute hemolytic trans usion reactions (AH Rs) are a 
medical emergency that typically result  rom a clerical 
or procedural error that leads to ABO-incompatibility 
during trans usion. Hal  o  all errors are due to admin-
istering the correctly labeled blood to the incorrect 
patient. Other errors can occur during the collection 
o  the specimen or during testing o  samples in the lab. 
Anti-A or anti-B antibodies in the recipient serum 
bind to the donor erythrocytes carrying the respective 
antigen,  x complement, and lyse the donor cells, 
releasing  ree hemoglobin. 
 Not all AH Rs are ABO-related. Non-ABO incom-
patibility causes include alloantibodies  rom a previous 
trans usion that are not detected by the antibody screen 
or the trans usion o  uncrossmatched blood in an emer-
gency to a patient who is alloimmunized. 
 T e most common presenting  eatures are  ever, 
chills, and hemoglobinuria. Less common  eatures 
include  ank or abdominal pain, hypotension, nausea/
vomiting, ooziness/DIC, and renal  ailure. Fever may 
be the ONLY presenting sign o  an AH R.
 Management priorities should be:
• STOP the transfusion (keep the bag of transfused 

cells, as repeat crossmatch will likely be required).
• Supportive care (airway, breathing, circulation).
• Begin an infusion of normal saline to induce a brisk 

diuresis and to prevent/treat hypotension. Ringer’s 
lactate should be avoided as the calcium may clot the 
remaining blood in the IV line.

• Manage DIC and hemorrhage as indicated.
• Check if there is a clerical error (check identity of 

patient vs. blood label).
• Notify the blood bank (critical if there has been a 

switch in blood bags and another patient in the hos-
pital is at risk).

• From another limb, draw a sample for a direct anti-
globulin test, plasma  ree hemoglobin, and repeat 
type and crossmatch.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 22. Which o  the  ollowing BES  describes the etiology o  
a delayed hemolytic trans usion reaction?

 (A) ABO incompatibility
 (B) anamnestic response to an undetected antigen
 (C) lysis o  recipient cells by donor complement
 (D) recipient viral illness at time o  trans usion
 (E) disseminated intravascular coagulation  rom 

 ibrin strands

Delayed hemolytic reactions result  rom the  ormation 
o  recipient antibodies to previously trans used blood 
(or  rom exposure to alloantigens during pregnancy) 
and the re-exposure to these antigens during subse-
quent trans usion. T ese alloantigens are below the 
level that is detectable on the routine antibody screen 
(which highlights why compatibility testing is not  ail-
sa e), but upon trans usion cause an anamnestic pro-
duction o  antibodies that leads to hemolysis. T e 
usual time lag between trans usion and clinical presen-
tation is between 2 days and 2 weeks. Hemolysis is 
usually gradual and less severe than acute hemolytic 
reactions, but it can be rapid and li e-threatening. 
Hemolytic anemia is the main clinical picture, with a 
low hemoglobin, high bilirubin, reticulocytosis, sphe-
rocytosis, and a positive direct antiglobulin test. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 23. Which o  the  ollowing in ectious agents is MOS  
likely to be transmitted to a patient during allogeneic 
blood trans usion?

 (A) human immunode iciency virus (HIV)
 (B) hepatitis B
 (C) hepatitis C
 (D) West Nile virus
 (E) human  -cell lymphotrophic virus (H LV)
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 rans usion-transmitted in ection is generally very 
uncommon. Current estimates o  the risk o  viral 
transmission during trans usion are:

Virus  Estimated risk of infection via transfusion

HIV  1 in 1.5–2 million
Hepatitis B virus  1 in 50,000–250,000
Hepatitis C virus  1 in 1–2 million
HTLV  1 in 2 million
West Nile virus  Unknown/very rare

T e incidence o  trans usion transmitted bacterial in ec-
tion is higher than viral in ection. T is risk is highest  or 
platelets, since they are stored at room temperature (risk o  
contamination is approximately 1 in 1000), whereas the 
incidence o  contamination o  red cell units is estimated to 
be 1 in 50,000. Not every bacterially-contaminated unit 
leads to a clinical in ection, and rates o  sepsis with plate-
lets and RBCs are thought to be approximately 1 in 
10,000 and 1 in 100,000, respectively.

Ref: Carson JL, Kleinman S. Indications and hemoglobin 
thresholds  or red blood cell trans usion in the adult. In:  
Up oDate, Silvergleid AJ (Ed), Up oDate, Waltham, 
MA. Accessed January 12, 2015.

 24. In which o  the  ollowing scenarios is the trans usion 
o  cytomegalovirus-seronegative blood units LEAS  
likely to o er a sa ety advantage? 

 (A) CMV-seronegative pregnant women
 (B) intrauterine trans usions
 (C) CMV-seronegative allogeneic bone marrow 

transplant recipients
 (D) a patient in ected with HIV
 (E) a patient infected with hepatitis C

Cytomegalovirus (CMV) is a highly prevalent (40%–
60%) community-acquired in ection that can be trans-
mitted in a variety o  ways through in ected body  uids. 
It primarily in ects leukocytes, and in immunocompe-
tent individuals o ten does nothing more than provoke 
a mononucleosis syndrome; however, the virus remains 
latent in the host, and can be reactivated i  the patient 
becomes immunocompromised. In this setting, CMV 
in ection can cause severe and sometimes  atal in am-
matory conditions such as pneumonitis, hepatitis, 
encephalitis, and gastroenteritis that require aggressive 
treatment with antiviral medications.
 T e trans usion o  blood that is  ree (or virtually 
 ree) o  CMV should be considered  or certain popula-
tions, including seronegative transplant patients (either 

solid or hematopoietic), severely immunosuppressed 
patients and HIV-in ected patients. In addition, sero-
negative pregnant patients,  etuses, and low-birthweight 
in ants should also minimize exposure to CMV in 
order to reduce the risk o  congenital CMV in ection. 
One strategy is to use blood units that have been tested 
 or CMV and are CMV-seronegative. Not all units in 
the United States are tested  or this—only enough to 
maintain an inventory o  CMV-seronegative units. 
However, another approach is simply to use leukoreduc-
tion  lters, as the virus inhabits the white cells. Most 
studies have  ailed to  nd a di erence between the use o  
speci c CMV-seronegative blood and ordinary units 
that are leukoreduced to below 5 million cells per unit o  
blood, and so either approach is reasonable.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 25. Which o  the  ollowing statements regarding citrate 
intoxication during blood trans usion is CORREC ? 

 (A) Citrate is used as an antioxidant in packed red 
blood cell preparations.

 (B) Citrate is normally metabolized rapidly in the 
liver to bicarbonate.

 (C) Rapid trans usion o  citrated blood can result in 
hypercalcemia.

 (D) A shortened Q  interval is characteristic o  
citrate toxicity.

 (E) Calcium can be added to blood to prevent 
citrate toxicity.

Citrate is an anticoagulant that is added to blood as 
part o  the CPDA solution. It prevents coagulation by 
chelating ionized calcium, a co- actor in several steps 
in the coagulation cascade. Normally, citrate is metab-
olized by the liver into bicarbonate, and circulating 
ionized calcium levels should not decrease. However, 
when large volumes o  blood are trans used rapidly 
(i.e., > 1 mL/kg/min, or 1 unit every 5 minutes), this 
may theoretically overwhelm the liver’s ability to 
metabolize the citrate and hypocalcemia may develop. 
Liver disease may contribute to the rapidity with which 
this event occurs. Hypocalcemia may be suspected 
when the Q  interval becomes prolonged or when the 
patient complains o  perioral numbness or muscle 
spasm/tetany. When large volumes o  blood are trans-
 used, measurement o  arterial blood gases should be 
routinely per ormed in order to  ollow the serum 
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ionized calcium level and to guide intravenous calcium 
therapy.
 Calcium should never be added to blood bags as 
this will cause clotting. Likewise, calcium-containing 
intravenous  uids (lactated Ringers solution, Haemac-
cel 3.5%) should be avoided as carrier solutions.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 26. Which o  the  ollowing electrolyte disturbances is 
LEAS  likely a ter trans usion o  packed red cells? 

 (A) hyponatremia
 (B) hyperkalemia
 (C) hypomagnesemia
 (D) hypocalcemia
 (E) hypokalemia

During storage o  blood, metabolism within the red 
blood cells generates hydrogen ions. In order to main-
tain electrical neutrality, potassium moves outside the 
cells. T is may be accentuated with “old” blood, where 
the lysis o  cells increases the extracellular potassium 
content. T is is usually not a problem during routine 
trans usion, but during rapid, massive trans usion, 
hyperkalemia has been reported. T is may be a partic-
ular concern  or patients with renal impairment or 
neonates, both o  whom are less able to handle potas-
sium loads.
 In contrast, upon trans usion, most healthy red cells 
reverse the storage lesion and reverse the potassium 
gradient. In addition, the citrate in the CPDA solution 
is metabolized by the liver to bicarbonate, which 
induces a metabolic alkalosis, shi ting potassium into 
the cells. For these reasons, hypokalemia has also been 
seen on occasion a ter massive trans usion.
 Both hypocalcemia and hypomagnesemia can be 
caused by rapid trans usion by the chelation o  these 
ions by citrate. While stored blood is acidic (pH o  
6.6–6.9) due to accumulation o  carbon dioxide and 
lactate, this is rapidly reversed once trans used into a 
patient with normal tissue per usion. Citrate and lac-
tate are both metabolized to bicarbonate, provoking a 
metabolic alkalosis. Prophylactic administration o  
sodium bicarbonate to counteract the acidic blood is 
nonsensical, and leads to worsened alkalosis, a le t-shi t 
o  the oxyhemoglobin dissociation curve, and hyperna-
tremia  rom the sodium load. Sodium disturbances do 
not routinely complicate trans usion therapy. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 27. T e trans usion o  multiple units o  cold red blood cells 
may lead to which o  the  ollowing complications? 

 (A) coronary vasospasm
 (B) hemolysis
 (C) decreased a  inity o  hemoglobin  or oxygen
 (D) dilutional thrombocytopenia
 (E) disseminated intravascular coagulation (DIC)

T e administration o  multiple units o  RBCs without 
additional platelet or plasma units will eventually result 
in a clinically signi cant dilution o  both platelets and 
coagulation  actors.  raditionally, RBCs were trans-
 used until evidence o  this coagulopathy appeared, or 
until a certain threshold limit o  RBCs was empirically 
reached. T e recognition that dilutional coagulopathies 
worsen bleeding and outcomes (especially in penetrat-
ing trauma) combined with evidence that increased 
ratios o  plasma and platelets to RBCs has led to a re-
thinking o  massive trans usion strategy, with many 
centers adopting a 1:1 or 1:2 plasma:RBC ratio on the 
initiation o  a massive trans usion protocol. 
 When massive trans usion is carried out at cold 
temperatures, the patient is placed at risk  or a number 
o  adverse events. First, hypothermia may occur 
quickly. Six units o  RBCs at re rigerator temperature 
(4ºC) will reduce the core body temperature o  an 
average adult male by 1ºC. Given that many cases o  
massive trans usion are being carried out in the trauma 
population, who may already be hypothermic due to 
hemorrhage and exposure, the potential  or serious 
hypothermia is substantial. Ventricular arrhythmias 
begin to occur at about 30ºC. Second, signi cant 
hypothermic coagulopathy due to clotting cascade 
dys unction and platelet sequestration occurs with 
even mild (< 1ºC) reductions in core body tempera-
ture. T is leads to increased bleeding and requirement 
 or allogeneic blood trans usion, with all the attendant 
potential complications.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 28. A patient receiving 2 units o   resh  rozen plasma on 
the  oor develops hypoxemia and pulmonary  ailure.  
T ree hours later, auscultation reveals crackles in all 
lung  elds. Her post-intubation chest X-ray is notable 
 or widespread alveolar in ltrates. Which o  the  ollow-
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ing  actors best di erentiates trans usion-related acute 
lung injury ( RALI)  rom trans usion-associated circu-
latory overload ( ACO)?

 (A) blood pressure
 (B) presence o  crackles on auscultation
 (C) chest radiograph
 (D) response to diuretics
 (E)  ACO is just a way better acronym

 ACO and  RALI may be dif cult to distinguish, and 
in  act may coexist in the same patient, making diag-
nosis and treatment dif cult. 
  RALI is an in ammatory condition o  the pulmo-
nary microcirculation occurring in approximately 1 in 
every 5000 units o  blood product trans used. T e clini-
cal diagnosis is made on the basis o  a new acute lung 
injury/ARDS occurring within 6 hours o  blood product 
administration (documented by room air SpO2 < 90% 
or P/F ratio < 300 and an abnormal CXR).  RALI has 
occurred  ollowing any blood component therapy, and 
may be particularly prone to occur a ter trans usion with 
plasma  rom  emale donors.  RALI is thought to occur 
via a “2-hit” mechanism. T e  rst step is neutrophil 
sequestration and priming in the lung microvasculature 
by endothelial injury; this step, which makes the neutro-
phils more susceptible to activation by a weak stimulus, 
occurs prior to the trans usion. T e second step is neu-
trophil activation by a  actor in the trans used blood, 
resulting in an in ammatory cascade.  reatment in 
 RALI is supportive, with ventilatory and hemody-
namic support.  RALI is the leading cause o  trans u-
sion-related mortality, with rates varying  rom 5% to 
10% to as high as 67%  or the critically ill population.
  ACO is more common, occurring with every 
1500 units trans used. It generally occurs in elderly 
patients or small children, those with poor ventricular 
 unction, and is associated with rapid blood product 
administration. T e clinical picture  or  ACO appears 
as simple volume overload: elevated central venous and 
pulmonary wedge pressures, increased brain natri-
uretic peptide, and rapid pulmonary improvement 
with diuretic therapy. T ere is typically no  ever and 
no elevated white cell count, whereas both o  these are 
usually present in  RALI. Management o   ACO is 
similar to  RALI with the notable exception that 

diuresis usually proves very e ective at reversing the 
pulmonary symptoms and clinical picture.
 Widespread crackles and alveolar in ltrates on CXR 
are present in both syndromes; blood pressure can vary 
and tends to be hypertensive in  ACO, but this is not 
a rule.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 29.  rans usion o  blood that has not been leukocyte-
depleted has been shown to result in which o  the  ol-
lowing complications? 

 (A) cerebral edema
 (B) postoperative infection
 (C) increased rate o  renal allogra t rejection
 (D) anaphylaxis
 (E) hypercalcemia

Leukocytes present in the plasma  raction o  trans used 
red cells may cause a number o  e ects that lead to the 
suppression o  the host immune system. T is was  rst 
noticed in the 1960s when renal transplant patients who 
had been trans used blood enjoyed reduced rejection 
rates o  the transplanted organ, suggesting that an 
immunosuppressive mechanism was at play.  ermed 
trans usion-related immunomodulation (or  RIM), the 
clinical sequelae o  this include include  ebrile nonhe-
molytic trans usion reaction, RBC alloimmunization, 
and CMV transmission. Prestorage leukoreduction (i.e., 
in the blood bank versus at the bedside with a  lter) 
substantially decreases the number o  white blood cells, 
and may decrease some o  these risks, although the data 
is not entirely supportive o  these claims. Multiple stud-
ies have also investigated rates o  tumor recurrence with 
leukoreduction, with both positive and negative results. 
 T e strongest evidence to date supporting leukore-
duction is with postoperative in ection. Multiple stud-
ies have shown a several- old decrease in bacterial 
wound in ections and central venous line in ections 
when using RBCs that had been leukoreduced.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.
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 CHAPTER 7

Endocrine Physiology

 1. Which o  the  ollowing hormones is produced in the 
hypothalamus?

 (A) adrenocorticotropic hormone
 (B) growth hormone
 (C) oxytocin
 (D) prolactin
 (E) thyroid-stimulating hormone

 2. Hormone secretion is regulated via a complex array o  
mechanisms including  eedback regulation. T e  eed-
back substrate may be another hormone, nutrient, or 
ion. Which o  the  ollowing hormones is paired cor-
rectly with its  eedback substrate?

 (A) AC H: IGF-1
 (B) GH: triiodothyronine
 (C) aldosterone: plasma K+  levels
 (D) insulin: plasma Ca2+  levels
 (E)  SH: cortisol

 3. Which o  the  ollowing treatments  or thyroid storm 
(severe thyrotoxicosis) relies on a mechanism known as 
the Wol -Chaiko  e ect?

 (A) propranolol
 (B) hydrocortisone
 (C) propylthiouracil
 (D) Lugol’s iodine
 (E) methimazole

 4. Which o  the  ollowing hormones acts to decrease 
plasma Ca2+  levels and decrease bone resorption?

 (A) P H
 (B) vitamin D
 (C) calcitonin
 (D) cortisol
 (E) triiodothyronine

 5. In the adrenal gland, which o  the  ollowing enzymes 
catalyzes the conversion o  norepinephrine to epi-
nephrine?

 (A) tyrosine hydroxylase
 (B) dopa decarboxylase
 (C) dopamine β -hydroxylase
 (D) phenylethanolamine N-methyltrans erase
 (E) catechol-O-methyltrans erase

 6. T e zona glomerulosa o  the adrenal cortex is the sole 
source o  production  or which o  the  ollowing hormones?

 (A) aldosterone
 (B) cortisol
 (C) dehydroepiandrosterone
 (D) androstenedione
 (E) corticosterone

 7. Produced in the endocrine pancreas, which o  the  ol-
lowing hormones acts to decrease appetite and inhibit 
gluconeogenesis?

 (A) insulin
 (B) glucagon
 (C) somatostatin
 (D) pancreatic polypeptide
 (E) ghrelin

 8. Under anaerobic conditions, lactate  ormed in the 
muscles may be converted back into glucose via which 
o  the  ollowing pathways? 

 (A) citric acid cycle
 (B) pentose phosphate pathway
 (C) Cori cycle
 (D) alanine cycle
 (E) glycolysis 
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 9. Pyruvate is a versatile substrate that can participate in 
various enzymatic reactions to directly produce all o  
the  ollowing molecules EXCEP :

 (A) lactate
 (B) alanine
 (C) oxaloacetate
 (D) acetyl-CoA
 (E) glucose-6-phosphate

 10. Insulin has which o  the  ollowing metabolic e ects?

 (A) stimulates gluconeogenesis
 (B) stimulates protein catabolism
 (C) stimulates glycogenolysis 
 (D) stimulates lipolysis
 (E) stimulates glycolysis

 11. Epinephrine stimulates which o  the  ollowing meta-
bolic processes?

 (A) lipolysis in adipose tissue
 (B) glycolysis in the liver
 (C) glycogen synthesis in the liver
 (D)  atty acid synthesis in the liver
 (E) triglyceride release  rom skeletal muscle

 12. Chronic stress has which o  the  ollowing physiologic 
e ects?

 (A) increased levels o   SH
 (B) decreased levels o  cortisol
 (C) decreased levels o  catecholamines
 (D) increased gluconeogenesis
 (E) increased levels o  growth hormone

 13. Which o  the  ollowing is a catabolic product o  protein?

 (A) glucose
 (B) creatine
 (C) thyroxine
 (D) dopamine
 (E) DNA

 14. O  the  ollowing neurotransmitters, hormones, or 
drugs, which o  the  ollowing uses cGMP as an intra-
cellular second messenger?

 (A) thyroxine
 (B) ANP
 (C) cocaine
 (D) acetylcholine
 (E) epinephrine

 15. Which o  the  ollowing enzymes is critical in the regu-
lation o  cholesterol synthesis?

 (A) HMG-CoA reductase
 (B) acetyl-CoA carboxylase
 (C) triacylglycerol synthase
 (D) lipoprotein lipase
 (E) β -hydroxybutyrate dehydrogenase

 16. Which o  the  ollowing tissues exclusively utilizes glu-
cose as its metabolic substrate?

 (A) liver
 (B) brain
 (C) heart
 (D) erythrocytes
 (E) adipose tissue
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Answers and Explanations: 
Endocrine Physiology

 1. Which o  the  ollowing hormones is produced in the 
hypothalamus?

 (A) adrenocorticotropic hormone
 (B) growth hormone
 (C) oxytocin
 (D) prolactin
 (E) thyroid-stimulating hormone

Oxytocin and arginine vasopressin are both produced 
by magnocellular neurons in the hypothalamus. T ese 
neurons originate in the paraventricular and supraop-
tic nuclei o  the hypothalamus and terminate in the 
posterior pituitary.
 Parvicellular neurons o  the hypothalamus release 
hypophysiotropic hormones that regulate the anterior 
pituitary. Hormones released include: corticotropin-
releasing hormone (CRH), gonadotropin-releasing hor-
mone (GnRH), thyrotropin-releasing hormone ( RH), 
growth hormone-releasing hormone (GHRH), and dopa-
mine. T e parvicellular neurons terminate in the median 
eminence o  the hypothalamus, and the hypophysiotropic 
hormones travel via a plexus o  capillaries and hypophysial 
portal veins to reach the anterior pituitary.

Ref: Molina PE. Endocrine Physiology. 4th ed. New York, NY: 
McGraw Hill; 2013.

 2. Hormone secretion is regulated via a complex array o  
mechanisms including  eedback regulation. T e  eed-
back substrate may be another hormone, nutrient, or 
ion. Which o  the  ollowing hormones is paired cor-
rectly with its  eedback substrate?

 (A) AC H: IGF-1
 (B) GH: triiodothyronine
 (C) aldosterone: plasma K+  levels
 (D) insulin: plasma Ca2+  levels
 (E)  SH: cortisol

Plasma K+  concentration plays a role in the  eedback 
regulation o  aldosterone secretion. Aldosterone release is 
stimulated by an increase in plasma K+  concentration 
and also by angiotensin II (as part o  the renin-angiotensin-
aldosterone system). Aldosterone then acts to increase K+  
excretion via the kidney (and increase Na+  and water 
reabsorption).
 T e anterior pituitary produces three di erent  am-
ilies o  hormones:
• Glycoproteins: thyroid-stimulating hormone (TSH), 

 ollicle-stimulating hormone (FSH), and luteinizing 
hormone (LH)

• Pro-opiomelanocortin (POMC): adrenocortico-
tropic hormone (AC H), β -endorphin, and mela-
nocyte-stimulating hormones (MSH)

• Growth hormone and prolactin
 ypically, hormones released by the anterior pituitary 
are under negative  eedback control via the hormones 
released by their target organs. For example,  SH 
binds to receptors in the thyroid gland and stimulates 
release o  thyroxine ( 4) and triiodothyronine ( 3). 
 SH secretion is then decreased via negative  eedback 
inhibition by  3. Another example o  negative  eed-
back inhibition, glucocorticoids (cortisol) will inhibit 
the secretion o  corticotropin-releasing hormone CRH 
and adrenocorticotropic hormone AC H (part o  the 
hypothalamic-pituitary-adrenal [HPA] axis). Similarly, 
GH release is inhibited by insulin-like growth  actor-1 
(IGF-1) and somatostatin. 
 Insulin is under control o  a variety o   eedback 
mechanisms including neural control (sympathetic 
stimulation inhibits release and parasympathetic stimu-
lation stimulates release), hormonal control (soma-
tostatin inhibits release), and nutrient control (increased 
plasma glucose and amino acid levels stimulate release).

Ref: Molina PE. Endocrine Physiology. 4th ed. New York, NY: 
McGraw Hill; 2013.
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 3. Which o  the  ollowing treatments  or thyroid storm 
(severe thyrotoxicosis) relies on a mechanism known as 
the Wol -Chaiko  e ect?

 (A) propranolol
 (B) hydrocortisone
 (C) propylthiouracil
 (D) Lugol’s iodine
 (E) methimazole

Oral iodides, such as Lugol’s iodine (a mixture o  
iodine and potassium iodide), act via the Wol -
Chaiko  e ect to decrease thyroid hormone levels. 
Iodine is a  undamental requirement  or thyroid hor-
mone synthesis. Ingested iodine is converted to iodide, 
absorbed in the small intestine, and then taken up by 
the thyroid gland. T e Wol -Chaiko  e ect describes 
how large doses o  iodine inhibit many o  the steps 
involved in uptake, production, and release o  thyroid 
hormones. Control o  thyrotoxicosis is best achieved i  
propylthiouracil or methimazole (see below) are given 
 rst, be ore administration o  oral iodides. Oral iodide 
therapy usually works  or short-term control o  hyper-
thyroidism or thyroid storm (10–15 days).
 Propylthiouracil (P U) and methimazole both 
inhibit the synthesis o  thyroid hormones. Either may 
used to treat thyroid storm, but P U may be advanta-
geous, as it also partially inhibits conversion o  thyrox-
ine ( 4) to triiodothyronine ( 3). Note that P U 
administration is sometimes associated with severe 
hepatic  ailure requiring liver transplantation.
 Propranolol, a nonselective β -blocker, is o ten used 
to treat the sympathomimetic symptoms o  thyroid 
storm such as hypertension, tachycardia, and tremors. 
Propranolol also may also inhibit conversion o  thy-
roxine ( 4) to triiodothyronine ( 3). Hydrocortisone 
inhibits the conversion o  thyroxine ( 4) to 
triiodothyronine ( 3). Glucocorticoid administration 
also treats any relative adrenal insu ciency associated 
with thyroid storm. Other treatments  or severe thyro-
toxicosis include supportive measures such as active 
cooling, antipyretics, and intravenous f uids.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman and 
Gilman’s T e Pharmacological Basis of T erapeutics. 12th ed.  
New York, NY: McGraw Hill; 2011.

 4. Which o  the  ollowing hormones acts to decrease 
plasma Ca2+  levels and decrease bone resorption?

 (A) P H
 (B) vitamin D

 (C) calcitonin
 (D) cortisol
 (E) triiodothyronine

Bone metabolism and plasma Ca2+  levels are regulated by 
a number o  hormones, including parathyroid hormone 
(P H) and vitamin D. An increase in plasma Ca2+  levels 
acts via negative  eedback inhibition to decrease release o  
P H, decrease release o  1-25-hydroxyvitamin D (cal-
citriol), and increase release o  calcitonin.
 T e release o  P H is triggered by a decrease in plasma 
Ca2+  levels. In bones, P H acts to increase osteoclast 
activity, increase bone resorption, and increase release o  
Ca2+  and phosphate. At the kidney, P H acts to increase 
Ca2+  reabsorption, increase phosphate excretion, and 
increase the rate o  hydroxylation o  25-hydroxyvitamin 
D to active 1,25-hydroxyvitamin D (calcitriol).
 Dietary vitamin D requires hydroxylation in the 
liver and kidney to become 1,25-hydroxyvitamin D 
(calcitriol). Calcitriol increases reabsorption o  Ca2+  
 rom both the intestine and the kidneys. In bones, cal-
citriol stimulates osteoclasts and increases bone resorp-
tion and increases circulating plasma Ca2+  levels.
 Calcitonin has the opposite e ects o  P H. It inhibits 
osteoclasts, decreases plasma Ca2+  levels, and decreases 
bone resorption.
 Cortisol plays a catabolic role. It increases bone 
resorption and decreases bone synthesis (increases risk 
o   ractures).
  riiodothyronine is required  or bone remodeling. 
Excess thyroid hormone will increase bone resorption.
 Growth hormone (GH) and insulin-like growth 
 actor (IGF-1) stimulate bone synthesis and growth.
 Androgens and estrogens increase 1α -hydroxylation 
o  vitamin D and decrease bone resorption.

Ref: Molina PE. Endocrine Physiology. 4th ed. New York, NY: 
McGraw Hill; 2013.

 5. In the adrenal gland, which o  the  ollowing enzymes  
catalyzes the conversion o  norepinephrine to epinephrine?

 (A) tyrosine hydroxylase
 (B) dopa decarboxylase
 (C) dopamine β -hydroxylase
 (D) phenylethanolamine N-methyltransferase
 (E) catechol-O-methyltrans erase

In the adrenal medulla,  our enzymatic reactions occur 
to convert the amino acid tyrosine into epinephrine:
• hydroxylation of tyrosine to L-dopa by tyrosine 

hydroxylase.
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• decarboxylation of L-dopa to dopamine by dopa 
decarboxylase.

• hydroxylation of dopamine to norepinephrine by 
dopamine β -hydroxylase.

• methylation of norepinephrine to epinephrine by 
phenylethanolamine N-methyltrans erase (note the 
pre ix nor- o  norepinephrine comes  rom a German 
abbreviation indicating “without methyl”).

Epinephrine and norepinephrine are metabolized by 
either catechol-O-methyltrans erase (COM ) into 
metanephrine and normetanephrine, or by monoamine 
oxidase eventually  orming vanillylmandelic acid 
(VMA). Metabolic products are excreted via the urine.

Ref: Molina PE. Endocrine Physiology. 4th ed. New York, NY: 
McGraw Hill; 2013.

 6. T e zona glomerulosa o  the adrenal cortex is the sole 
source o  production  or which o  the  ollowing hormones?

 (A) aldosterone
 (B) cortisol
 (C) dehydroepiandrosterone
 (D) androstenedione
 (E) corticosterone

T e zona glomerulosa, zona  asciculata, and zona reticu-
laris  orm the three layers o  the adrenal cortex. T e  
zona glomerulosa produces aldosterone (it lacks 
17α -hydroxylase and cannot produce androgens or cor-
tisol). T e zona  asciculata and zona reticularis both pro-
duce cortisol and androgens (dehydroepiandrosterone 
[DHEA] and androstenedione). Corticosterone is pro-
duced during the biosynthesis o  both aldosterone and 
glucocorticoids. However, only the zona glomerulosa 
has the enzyme P450aldo to catalyze the  ormation o  
aldosterone.

Ref: Gardner DG, Shoback D. Greenspan’s Basic and Clinical 
Endocrinology. 9th ed. New York, NY: McGraw Hill; 
2011.

 7. Produced in the endocrine pancreas, which o  the  ol-
lowing hormones acts to decrease appetite and inhibit 
gluconeogenesis?

 (A) insulin
 (B) glucagon
 (C) somatostatin
 (D) pancreatic polypeptide
 (E) ghrelin

T e endocrine pancreas is  ormed  rom Islets o  Lang-
erhans cells spread throughout the exocrine pancreas 
(which is involved in digestion). T e Islets o  Langer-
hans contain a variety o  cell types:
• α  cells—produce glucagon
• β  cells—produce insulin
• δ cells—produce somatostatin
• ε  cells—produce ghrelin
PP cells—produce pancreatic polypeptide
Insulin release, triggered by an increase in glucose, pro-
motes glycogen, protein, and triglyceride synthesis. 
Insulin also inhibits glycogenolysis, inhibits gluconeo-
genesis, and in the brain acts to decrease appetite. Glu-
cagon release is inhibited by glucose, insulin, and 
somatostatin. Glucagon promotes gluconeogenesis, 
ketogenesis, and increases release o  energy stores  rom 
the liver (glycogenolysis).
 Somatostatin release is stimulated by glucose. In the 
pancreas, somatostatin is thought to have mainly a 
paracrine role. (In the hypothalamus somatostatin 
inhibits release o  growth hormone, while in the gastro-
intestinal tract it decreases gastric emptying, decreases 
gastric acid production, and decreases splanchnic blood 
f ow.)
 T e role o  pancreatic ghrelin is not clear. (In the 
stomach, ghrelin secretion promotes gastric emptying, 
acid secretion, and stimulates appetite.) T e role o  
pancreatic polypeptide is also unclear. It appears to be 
under the inf uence o  both neural (vagal) and nutrient 
signals.

Ref: Gardner DG, Shoback D. Greenspan’s Basic and Clinical 
Endocrinology. 9th ed. New York, NY: McGraw Hill; 
2011.

 8. Under anaerobic conditions, lactate  ormed in the 
muscles may be converted back into glucose via which 
o  the  ollowing pathways? 

 (A) citric acid cycle
 (B) pentose phosphate pathway
 (C) Cori cycle
 (D) alanine cycle
 (E) glycolysis 

Under low oxygen conditions, anaerobic glycolysis pro-
vides exercising muscles a source o  A P. T e end-
product o  glycolysis, pyruvate, is converted into lactate 
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by lactate dehydrogenase. Lactate may be transported 
to the liver and serve as a substrate  or gluconeogenesis, 
with the glucose produced returning to the muscles. 
T is movement o  lactate  rom the muscles with the 
return o  glucose is known as the Cori cycle. (Note: 
Met ormin inhibits hepatic gluconeogenesis and as a 
result may lead to lactic acidosis, particularly in those 
patients with renal  ailure.)
 T e alanine cycle is similar to the Cori cycle in that 
it ‘‘recycles’’ the products o  anaerobic glycolysis in the 
muscles and returns glucose. T e end-product o  gly-
colysis, pyruvate, is transaminated in the muscles to 
alanine. T e alanine can circulate to the liver where it 
is deaminated back to pyruvate which serves as a sub-
strate  or gluconeogenesis.
 Glycolysis is the metabolic process that converts 
glucose to pyruvate and  orms both A P and NADH. 
It is part o  both anaerobic and aerobic cellular respira-
tion. T e citric acid cycle (Krebs cycle) is part o  aero-
bic cellular respiration and converts acetyl-CoA 
(derived  rom pyruvate) into CO2 and energy (A P, 
FADH2, and NADH). T e pentose phosphate path-
way produces substrates  or nucleotide synthesis.

Ref: Janson LW,  ischler M. Medical Biochemistry: T e Big 
Picture. New York, NY: McGraw Hill; 2012.

 9. Pyruvate is a versatile substrate that can participate in 
various enzymatic reactions to directly produce all o  
the  ollowing molecules EXCEP :

 (A) lactate
 (B) alanine
 (C) oxaloacetate
 (D) acetyl-CoA
 (E) glucose-6-phosphate

Pyruvate can be directly converted into  our di erent 
molecules:
• Lactate
• Alanine
• Oxaloacetate
• Acetyl-CoA
Glucose-6-phosphate (G6P), pyruvate, and acetyl-CoA 
are all important metabolic control points (Figure 7-1). 
Dietary glucose is converted to G6P by the enzyme glu-
cokinase. G6P can participate in a variety o  metabolic 
pathways including glycolysis, glycogenesis, and the 
pentose phosphate pathway. Pyruvate may be utilized 
 or gluconeogenesis, the Cori cycle, the alanine cycle, 
or conversion to acetyl-CoA. Acetyl-CoA plays a role in 
the citric acid cycle (Krebs cycle), ketone body synthe-
sis, and  atty acid metabolism.

Ref: Janson LW,  ischler M. Medical Biochemistry: T e Big 
Picture. New York, NY: McGraw Hill; 2012.

Glucose

Glycogen

Ketone
bodies

CO2 + H2O

Fatty acid

Alanine

Lacta te

Ribulose-5-phospha te,
NADPH

Triacylglycerol

Glucose-6-phospha te

Oxaloace ta te

ATP

Pyruvate

Acetyl-CoA

Glycogenesis

Glycogen-
olysis

Gluconeogenesis

Ketone body synthesis

Citric acid cycle
Oxidative phosphorylation Fatty acid synthesis/degradation

Glycolysis

Pentose phosphate
pathway

FIG. 7-1. Summary of Important Control Points of Metabolism. The three important intermediaries, 
glucose-6-phosphate, pyruvate, and acetyl-CoA are indicated. Metabolic pathways of importance are 
indicated in red. ATP, adenosine triphosphate; CoA, coenzyme A; NADPH, nicotinamide adenine 
dinucleotide phosphate. (Adapted with permission from Naik P: Biochemistry, 3rd edition, Jaypee  
Brothers Medical Publishers (P) Ltd. 2009.)
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 10. Insulin has which o  the  ollowing metabolic e ects?

 (A) stimulates gluconeogenesis
 (B) stimulates protein catabolism
 (C) stimulates glycogenolysis 
 (D) stimulates lipolysis
 (E) stimulates glycolysis

Insulin has a variety o  metabolic e ects. In the liver, it 
stimulates glycolysis, glycogenesis,  atty acid synthesis, 
and pentose phosphate pathway. In the adipose tissue, 
it stimulates glucose uptake, stimulates  atty acid 
uptake, and triglyceride synthesis. In the skeletal mus-
cle, it stimulates glucose uptake, glycogenesis, and pro-
tein synthesis In general, insulin inhibits gluconeogen-
esis, glycogenolysis, protein catabolism, and lipolysis.

Ref: Janson LW,  ischler M. Medical Biochemistry: T e Big 
Picture. New York, NY: McGraw Hill; 2012.

 11. Epinephrine stimulates which o  the  ollowing meta-
bolic processes?

 (A) lipolysis in adipose tissue
 (B) glycolysis in the liver
 (C) glycogen synthesis in the liver
 (D)  atty acid synthesis in the liver
 (E) triglyceride release  rom skeletal muscle

In many ways, epinephrine, glucagon, cortisol, and 
growth hormone play a counter-regulatory role to 
insulin in energy metabolism. Insulin is an anabolic 
hormone involved in storage o  energy in the  orm o  
lipogenesis and glycogen synthesis. 
Epinephrine has the  ollowing metabolic e ects:
• Liver: Inhibits glycolysis, glycogen synthesis, and 

 atty acid synthesis. Stimulates gluconeogenesis and 
glycogenolysis.

• Adipose tissue: Stimulates lipolysis and inhibits tri-
glyceride uptake.

• Skeletal muscle: Inhibits glycogen synthesis and 
stimulates glycolysis, glycogenolysis, and triglyceride 
uptake.

Epinephrine also inhibits insulin release  rom pancreas.
 Glucagon has the  ollowing metabolic e ects:
• Liver: Inhibits glycolysis, glycogen synthesis, and 

 atty acid synthesis. Stimulates gluconeogenesis and 
glycogenolysis.

In this way, glucagon and epinephrine have the same 
e ects on the liver and act to increase hepatic glucose 
production.
 Cortisol and growth hormone complement the 
actions o  glucagon and catecholamines: they both stim-
ulate lipolysis, glycogenolysis, and gluconeogenesis. 
(Note: For protein synthesis growth hormone has the 
opposite action o  epinephrine, glucagon, and cortisol. 
Growth hormone promotes protein synthesis, while epi-
nephrine, glucagon, and cortisol promote proteolysis.)

Ref: Janson LW,  ischler M. Medical Biochemistry: T e Big 
Picture. New York, NY: McGraw Hill; 2012.

 12. Chronic stress has which o  the  ollowing physiologic 
e ects?

 (A) increased levels o   SH
 (B) decreased levels o  cortisol
 (C) decreased levels o  catecholamines
 (D) increased gluconeogenesis
 (E) increased levels o  GH

T e stress or “ ght-or-f ight” response activates the 
hypothalamic-pituitary-adrenal (HPA) axis and the sym-
pathetic nervous system. T is increases the circulating 
levels o  cortisol and catecholamines. Acute activation o  
the stress response increases the amount o  energy sub-
strates available. Chronic activation o  these mechanisms 
can lead to pathologic conditions. Alterations include:
• Inhibition of reproductive function: Glucocorti-

coids, corticotropin-releasing hormone (CRH), and 
β -endorphin suppress the release o  gonadotropin-
releasing hormone (GnRH), luteinizing hormone 
(LH), and  ollicle-stimulating hormone (FSH).

• Inhibition of growth hormone (GH): Activation of 
HPA axis directly suppresses GH release and also 
inhibits end-organ e  ects o  IGF-1.

• Inhibition of thyroid function: CRH and cortisol 
inhibit thyroid-stimulating hormone ( SH) production.

• Altered energy metabolism: Catecholamines and cor-
tisol stimulate gluconeogenesis, lipolysis, hepatic 
glycogenolysis, peripheral insulin resistance, muscle 
proteolysis, and bone resorption.

• Altered immune response: Glucocorticoids inhibit the 
immune response and have anti-in lammatory e  ects.

Ref: Molina PE. Endocrine Physiology. 4th ed. New York, NY: 
McGraw Hill; 2013.
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 13. Which o  the  ollowing is a catabolic product o  protein?

 (A) glucose
 (B) creatine
 (C) thyroxine
 (D) dopamine
 (E) DNA

Amino acids derived  rom dietary proteins are basic 
building blocks  or a variety o  many important mole-
cules including: enzymes, hormones, neurotransmit-
ters, channel proteins, structural proteins, and motor 
proteins. Amino acids are  ound in:
• DNA/RNA: Derived from glycine, glutamine, and 

aspartate.
• Dopamine, epinephrine, and norepinephrine: Derived 

 rom tyrosine.
• Serotonin: Derived from tryptophan.
• Heme: Derived from glycine.
• Thyroxine: Derived from tyrosine.
• Creatine: Derived from glycine and arginine.
T e catabolic products o  amino acids include glucose, 
glycogen, ketone bodies, and  atty acids (all derived 
 rom the carbon skeletons); CO2, H2O, and urea 
(principal  orm o  nitrogenous waste).

Ref: Janson LW,  ischler M. Medical Biochemistry: T e Big 
Picture. New York, NY: McGraw Hill; 2012.

 14. O  the  ollowing neurotransmitters, hormones, or 
drugs, which o  the  ollowing uses cGMP as an intra-
cellular second messenger?

 (A) thyroxine
 (B) ANP
 (C) cocaine
 (D) acetylcholine
 (E) epinephrine

Activation o  receptors by neurotransmitters, hor-
mones, or drugs may lead to a cascade o  events (signal 
transduction pathways) that involve second messenger 
systems. Second messenger pathways include:

 1.  cAMP: G protein-coupled receptors, acting via a 
Gs subunit, activate adenylyl cyclase and increase 
cAMP  ormation (e.g., β 1 and β 2 adrenergic 
receptor activation). Gi subunit activation inhib-
its adenylyl cyclase and cAMP  ormation (e.g., α 2 
adrenergic receptor activation and M2 cholinergic 
receptor activation).

 2.  cGMP: Atrial natriuretic peptide (ANP) binds 
to transmembrane receptors, activates guanylate 
cyclase, and increases the  ormation o  cGMP. 
Nitric oxide (NO) also mediates its actions via 
cGMP: NO stimulates a soluble  orm o  guanylate 
cyclase, increases the  ormation o  cGMP, and ulti-
mately induces a cascade o  intracellular events 
leading to smooth muscle relaxation.

 3.  Inositol triphosphate: G protein-coupled recep-
tors, acting via a Gq subunit, activate phospholi-
pase C (PLC). PLC activation leads to conver-
sion o  phosphatidylinositol-4,5-bisphosphate to 
inositol-1,4,5-trisphosphate (IP3) and diacylglyc-
erol (DAG) (e.g., α 1 adrenergic receptor activation 
and M1 and M3 cholinergic receptors).

 4.  Ions: Voltage-gated ion channels (e.g.,  or Na+ , 
Ca2+ , K+ ) and ligand-gated ion channels (e.g., 
nicotinic cholinergic receptor) regulate passive ion 
f uxes, which are established by cellular electro-
chemical gradients.

T yroxine and a number o  other hormones (e.g., 
androgens, estrogens, and glucocorticoids) act via 
nuclear receptors. Receptors are located either in the 
cytoplasm or nucleus. Activation leads to alterations in 
gene transcription.
 Cocaine has local anesthetic properties (via block-
ade o  sodium channels in nerve  bers) and also acts 
via blockade o  catecholamine reuptake in the nervous 
system.

Refs: Rodwell VW, Bender DA, Botham KM, Kennelly PJ, 
Weil PA. Harpers Illustrated Biochemistry. 30th ed.  
New York, NY: McGraw Hill; 2015.

Kasper D, Fauci A, Hauser S, Longo D, Jameson J, Loscalzo J. 
Harrison’s Principles of Internal Medicine. 19th ed. New York, 
NY: McGraw Hill; 2015.

Brunton LL, Chabner BA, Knollman BC. Goodman and Gil-
man’s T e Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 15. Which o  the  ollowing enzymes is critical in the regu-
lation o  cholesterol synthesis?

 (A) HMG-CoA reductase
 (B) acetyl-CoA carboxylase
 (C) triacylglycerol synthase
 (D) lipoprotein lipase
 (E) β -hydroxybutyrate dehydrogenase

HMG-CoA reductase (3-hydroxy-3-methyl-glutaryl-
CoA reductase) is the critical enzyme in the synthesis 
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o  cholesterol. Cholesterol may be obtained  rom the 
diet or synthesized  rom acetyl-CoA:

1 acetyl-CoA +  1 acetoacetyl-CoA +  H2O 
=  3-hydroxy-3-methyl-glutaryl-CoA (3-HMG-CoA).

In the liver, mitochondrial 3-HMG-CoA may be uti-
lized to produce ketone bodies (see below), while cyto-
plasmic 3-HMG-CoA may be utilized to produce cho-
lesterol. T e  rst step in cholesterol synthesis requires 
the enzyme HMG-CoA reductase to catalyze the con-
version o  3-HMG-CoA to mevalonic acid. HMG-
CoA reductase is inhibited by cholesterol, glucagon, 
epinephrine, and low A P levels; while insulin 
increases its activity. T e cholesterol medications 
known as statins are competitive inhibitors o  HMG-
CoA reductase.
 Acetyl-CoA carboxylase catalyzes the  rst step o  
 atty acid synthesis: acetyl-CoA +  HCO3

-  =  malonyl-
CoA. Acetyl-CoA is a versatile substrate and plays a role 
in the citric acid cycle (Krebs cycle), ketone body syn-
thesis, cholesterol synthesis, and  atty acid metabolism. 
Acetyl-CoA carboxylase is activated by high levels o  
citrate. Citrate is the  rst intermediate o  the Krebs 
cycle (citric acid cycle) and high levels ref ect a situation 
of plentiful carbohydrate/sugar supplies. Insulin also 
activates acetyl-CoA carboxylase (promotes storage  
o  energy in the  orm o   atty acids) while epinephrine 
and glucagon inhibit its activity (promote energy 
production).
  riacylglycerol synthase catalyzes the  ormation o  
triacylglycerols (triglycerides or  at). In the liver, triac-
ylglycerols, cholesterol, and apolipoproteins  orm 
very-low-density lipoprotein (VLDL). VLDL enters 
the circulation and delivers  atty acids to muscle and 
adipose tissue. Lipoprotein lipase,  ound in capillary 
walls o  muscle and adipose tissue, catalyzes the lipoly-
sis o  triacylglycerols in VLDL to liberate the  atty 
acids. Insulin increases the activity o  lipoprotein lipase 
(promotes storage o  energy).
 Ketone bodies (acetoacetate, acetone, and 
β -hydroxybutyrate) can be used as an alternative to 
carbohydrates as an energy source. (Note: From a 

structural point o  view, only acetoacetate and acetone 
are ketones!) Ketone bodies are  ormed in the liver 
 rom acetyl-CoA (acetyl-CoA may be derived  rom 
glucose,  atty acids, or ketogenic amino acids). Ketone 
bodies can be transported  rom the liver to other tissues 
such as the brain, heart, and muscle and can be con-
verted back into acetyl-CoA and enter the citric acid 
cycle to produce A P. T e enzyme, β -hydroxybutyrate 
dehydrogenase catalyzes the conversion o  acetoacetate 
to β -hydroxybutyrate.

Ref: Janson LW,  ischler M. Medical Biochemistry: T e Big 
Picture. New York, NY: McGraw Hill; 2012.

 16. Which o  the  ollowing tissues exclusively utilizes glu-
cose as its metabolic substrate?

 (A) liver
 (B) brain
 (C) heart
 (D) erythrocytes
 (E) adipose tissue

Erythrocytes (red blood cells) do not have mitochon-
dria and can only generate A P via anaerobic glycoly-
sis. T ey utilize glucose exclusively  or their metabolic 
requirements, as they cannot utilize  atty acids or 
ketone bodies.
 T e liver may utilize a variety o  di erent substrates 
 or its energy requirements including: glucose,  atty 
acids, lactate, glycerol, and amino acids.
 T e brain utilizes glucose  or the majority o  its energy 
demands (approximately 80%) with ketone bodies  or 
accounting  or the remainder (approximately 20%).
 T e heart utilizes mainly  atty acids and glucose  or 
its energy demands. It may also utilize ketone bodies 
and lactate.
 Adipose tissue mainly utilizes glucose and triacylg-
lycerol  or its energy demands.

Ref: Rodwell VW, Bender DA, Botham KM, Kennelly PJ,  
Weil PA. Harpers Illustrated Biochemistry. 30th ed. New York,  
NY: McGraw Hill; 2015. 
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 CHAPTER 8

General Pharmacology

 1. An adult  arm worker requires treatment  or exposure 
to an insecticide containing parathion (cholinesterase 
inhibitor).  o reverse the potentially dangerous side 
e ects o  parathion, a tertiary amine muscarinic antago-
nist such as atropine is recommended over a quaternary 
amine muscarinic antagonist such as glycopyrrolate. 
T is choice o  atropine is based on which pharmacoki-
netic or pharmacodynamic parameter?

 (A) Atropine has a larger volume o  distribution 
than glycopyrrolate.

 (B) Atropine is a competitive muscarinic antagonist 
while glycopyrrolate is a noncompetitive musca-
rinic antagonist.

 (C) Atropine has a shorter terminal hal -li e than 
glycopyrrolate.

 (D) Atropine has a slower rate o  clearance than  
glycopyrrolate.

 (E) Atropine has decreased oral bioavailability  
compared to glycopyrrolate.

 2. An oral dose o  morphine is subject to metabolism in the 
liver. A ter hepatic extraction, approximately 33% o  the 
morphine enters the systemic circulation unchanged. 
Which o  the  ollowing terms best describes this  raction 
o  drug that reaches the systemic circulation?

 (A) volume o  distribution
 (B)  irst-pass elimination
 (C) extraction ratio
 (D) clearance
 (E) bioavailability

 3. A patient is taking atenolol, a beta-adrenoceptor antag-
onist, to control his hypertension. During surgery, the 
patient’s heart rate is increased with the administration 
o  atropine. In this situation, the use o  atropine to 
reverse the heart rate e ects o  atenolol is an example 
o  a:

 (A) chemical antagonist
 (B) physiologic antagonist
 (C) partial agonist
 (D) noncompetitive antagonist
 (E) competitive antagonist

 4. Regarding inhaled anesthetics, the speed o  induction 
is dependent on an increase o  FA/FI (alveolar concen-
tration/inspired concentration). Which  actor will 
increase FA/FI?

 (A) decreased minute ventilation
 (B) low blood:gas partition coe  icient
 (C) increased cardiac output
 (D) low minimum alveolar concentration (MAC)
 (E) low rate o  metabolism

 5. In a one compartment pharmacokinetic model, hal -
li e ( 1/2) is directly proportional to:

 (A) clearance
 (B) rate o  elimination
 (C) volume o  distribution
 (D) bioavailability
 (E) hepatic blood  low
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 6. T e degree o  ionization o  a drug can markedly alter 
its lipid solubility. Which o  these weak bases will be 
the most lipid soluble at pH 7.9?

 (A) codeine (pKa =  8.2)
 (B) methadone (pKa =  8.4)
 (C) chlordiazepoxide (pKa =  4.6)
 (D) lidocaine (pKa =  7.9)
 (E) propranolol (pKa =  9.4)

 7. T e addition o  epinephrine (1:200,000) to a lumbar 
epidural injection o  morphine will cause:

 (A) increased rate o  epidural morphine clearance.
 (B) increased peak plasma concentration o  morphine.
 (C) decreased time to peak plasma concentration o  

morphine.
 (D) increased bioavailability o  intrathecal morphine.
 (E) increased elimination hal -time o  intrathecal 

morphine.

 8. Which mechanism o  transport is most important  or 
drugs to redistribute  rom the epidural space to the spi-
nal cord?

 (A) endocytosis
 (B) active transport
 (C)  acilitated di  usion
 (D) passive di  usion
 (E) exocytosis

 9. Ephedrine produces indirect e ects by displacing nor-
epinephrine  rom nerve terminals into the extracellular 
 uid. Repeated doses o  ephedrine can lead to rapidly 
decreased e ectiveness. What is this e ect known as?

 (A) hyporeactivity
 (B) hyperreactivity
 (C) hypersensitivity
 (D) tolerance
 (E) tachyphylaxis

 10. Most medications are biotrans ormed by either a phase 
I or phase II reaction. Which o  the  ollowing is an 
example o  a phase II reaction?

 (A) acetylation
 (B) oxidation
 (C) deamination
 (D) desul uration
 (E) reduction

 11. A ter a prolonged intravenous in usion o  an anesthetic, 
which pharmacokinetic parameter is the most use ul to 
predict time to recovery?

 (A) elimination hal -li e
 (B) context-sensitive hal -time
 (C) volume o  distribution
 (D) clearance
 (E) loading dose

 12. For most drugs at clinical concentrations, drug elimina-
tion is directly proportional to drug clearance and drug 
concentration. What is this re erred to as?

 (A) intrinsic clearance
 (B)  low-dependent elimination
 (C) capacity-limited elimination
 (D)  irst-order elimination
 (E)  irst-pass elimination

 13. In a clinical dose range, renal  ailure will signi cantly 
alter the termination o  action o  which drug?

 (A) vecuronium
 (B) succinylcholine
 (C) sevo lurane
 (D)  entanyl
 (E) propo ol

 14. Hepatic cirrhosis can have complex e ects on drug 
pharmacokinetics. For a patient with signi cant hepatic 
cirrhosis, what is a possible reason  or delayed termina-
tion o  drug action?

 (A) increased levels o  plasma binding proteins
 (B) increased hepatocyte metabolism
 (C) decreased total body water content
 (D) presence o  portosystemic shunts
 (E) increased hepatic blood  low
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 15. A patient is prescribed, and compliant with, a standard 
dose o  codeine  or postoperative analgesia. T e patient 
becomes unusually drowsy and requires resuscitation  or 
a near respiratory arrest. Subsequent evaluation deter-
mines that plasma levels o  morphine were abnormally 
elevated. Which o  the  ollowing is the most likely 
explanation  or this toxicity?

 (A)  he patient has increased N-acetylation activity.
 (B)  he patient is a “poor metabolizer” o  codeine.
 (C)  he patient is an “extensive metabolizer” o  

codeine.
 (D)  he patient is an “ultrarapid metabolizer” o  

codeine.
 (E)  he patient has impaired glutathione trans erase 

activity.

 16. Cytochrome P450 3A4 (CYP3A4) is inhibited by 
grape ruit juice and medications such as ketoconazole 
and  uoxetine. T is can result in increased plasma con-
centrations o  drugs metabolized by CYP3A4. I  a 
patient is taking  ood or medications that inhibit 
CYP3A4, which analgesic would be an appropriate 
choice to minimize the risk o  analgesic toxicity?

 (A)  entanyl
 (B) al entanil
 (C) su entanil
 (D) methadone
 (E) hydromorphone

 17.  otal hepatic blood  ow decreases as volatile anesthetic 
concentration is increased  rom 1 MAC to 2 MAC. 
Which drug’s hepatic clearance will be relatively una -
 ected by this decrease in hepatic blood  ow?

 (A)  entanyl
 (B) morphine
 (C) propo ol
 (D) midazolam
 (E) diazepam

 18. Possible drug-drug interactions include synergistic 
interactions and additive interactions. Which o  the 
 ollowing drug-drug interactions causes an additive 
clinical e ect?

 (A) des lurane and nitrous oxide
 (B) ketorolac and  entanyl
 (C) sevo lurane and rocuronium
 (D) cis-atracurium and vecuronium
 (E)  entanyl and midazolam

 19. A patient is hypertensive with myocardial ischemia 
thought to be due to acute cocaine intoxication. Which 
o  the  ollowing initial medical treatments should be 
avoided?

 (A) phentolamine
 (B) aspirin
 (C) nitroglycerin
 (D) propranolol
 (E) lorazepam

 20. Which o  the  ollowing herbal medicines may increase 
the sedative e ects o  anesthetics?

 (A) garlic
 (B) ginkgo
 (C) ginseng
 (D) kava
 (E) ephedra (ma huang)

 21. Which herbal medicine can inhibit reuptake o  sero-
tonin, norepinephrine, and dopamine and potentially 
interact with serotonin reuptake inhibitors to cause 
serotonin syndrome?

 (A) valerian
 (B) saw palmetto
 (C) St. John’s wort
 (D) echinacea
 (E) ginseng
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 22. A patient is given haloperidol to manage postoperative 
agitation. A terward, the patient develops extrapyrami-
dal symptoms. Which medication should be used to 
treat this dystonic reaction?

 (A) diphenhydramine
 (B) dantrolene
 (C) calcium gluconate
 (D) atropine
 (E) acetylcysteine

 23. Which class o  medications is the most common cause 
o  anesthetic drug-induced anaphylaxis?

 (A) muscle relaxants
 (B) propo ol
 (C) opioids
 (D) ester local anesthetics
 (E) antibiotics

 24. During general anesthesia, initial treatment o  an anes-
thetic drug-induced anaphylactic or anaphylactoid 
reaction includes which o  the  ollowing?

 (A) intravascular volume expansion
 (B) antihistamines
 (C) inhaled bronchodilators
 (D) corticosteroids
 (E) vasopressin

 25. A patient under general anesthesia develops an anaphy-
lactic or anaphylactoid reaction. In an anesthetized 
patient, what is the most common clinical sign o  ana-
phylaxis?

 (A) wheezing
 (B) diaphoresis
 (C) urticaria
 (D) perioral edema
 (E) hypotension
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Answers and Explanations: 
General Pharmacology

 1. An adult  arm worker requires treatment  or exposure 
to an insecticide containing parathion (cholinesterase 
inhibitor).  o reverse the potentially dangerous side 
e ects o  parathion, a tertiary amine muscarinic antago-
nist such as atropine is recommended over a quaternary 
amine muscarinic antagonist such as glycopyrrolate. 
T is choice o  atropine is based on which pharmacoki-
netic or pharmacodynamic parameter?

 (A) Atropine has a larger volume of distribution 
than glycopyrrolate.

 (B) Atropine is a competitive muscarinic antagonist 
while glycopyrrolate is a noncompetitive musca-
rinic antagonist.

 (C) Atropine has a shorter terminal hal -li e than 
glycopyrrolate.

 (D) Atropine has a slower rate o  clearance than  
glycopyrrolate.

 (E) Atropine has decreased oral bioavailability  
compared to glycopyrrolate.

Atropine is a tertiary amine alkaloid while glycopyrro-
late is a quaternary amine. Both are competitive antago-
nists o  acetylcholine at muscarinic receptors. However, 
the structure o  glycopyrrolate means that is it positively 
charged and unable to cross the blood-brain barrier as 
easily as atropine. T is means atropine is more widely 
distributed than glycopyrrolate and can reverse both the 
peripheral and CNS e ects o  parathion.
 Atropine has a longer hal -li e, an increased rate o  
clearance, and greater oral bioavailability than 
glycopyrrolate.

Ref: Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012. 

 2. An oral dose o  morphine is subject to metabolism in the 
liver. A ter hepatic extraction, approximately 33% o  the 
morphine enters the systemic circulation unchanged. 

Which o  the  ollowing terms best describes this  raction 
o  drug that reaches the systemic circulation?

 (A) volume o  distribution
 (B)  irst-pass elimination
 (C) extraction ratio
 (D) clearance
 (E) bioavailability

Bioavailability is the portion o  drug that reaches the 
systemic circulation unchanged.
 Volume o  distribution (Vd) is the ratio o  drug in 
the body to concentration in plasma or blood.
 First-pass elimination is the metabolism o  drug 
be ore it reaches the systemic circulation. Extraction 
ratio is the clearance o  drug  rom the liver divided by 
the hepatic blood  ow. Clearance is the rate o  drug 
elimination divided by the drug concentration.

Ref: Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012. 

 3. A patient is taking atenolol, a beta-adrenoceptor antag-
onist, to control his hypertension. During surgery, the 
patient’s heart rate is increased with the administration 
o  atropine. In this situation, the use o  atropine to 
reverse the heart rate e ects o  atenolol is an example 
o  a:

 (A) chemical antagonist
 (B) physiologic antagonist
 (C) partial agonist
 (D) noncompetitive antagonist
 (E) competitive antagonist

Atropine is a competitive antagonist o  acetylcholine at 
muscarinic receptors. However, in this example, atro-
pine’s e ect on the heart rate is used to reverse the 
e ects o  atenolol. T is is an example o  physiologic 
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antagonism, where a common pathway (the heart rate) 
can be manipulated by di erent receptor types.
 A chemical antagonist binds the other drug and 
makes it unavailable  or receptor binding. A partial 
agonist, in contrast to a  ull agonist, can only produce 
a submaximal pharmacologic response even when all 
receptors are occupied. A noncompetitive antagonist 
binds to a receptor at a separate site than the agonist. 
T is leads to altered receptor activity even though ago-
nist binding is not directly a ected (also termed allo-
steric modulation). 
 A competitive antagonist reversibly competes with 
an agonist  or receptor occupancy.

Ref: Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012. 

 4. Regarding inhaled anesthetics, the speed o  induction 
is dependent on an increase o  FA/FI (alveolar concen-
tration/inspired concentration). Which  actor will 
increase FA/FI?

 (A) decreased minute ventilation
 (B) low blood:gas partition coefficient
 (C) increased cardiac output
 (D) low minimum alveolar concentration (MAC)
 (E) low rate o  metabolism

T e rate o  rise o  FA/FI is dependent on a number o  
 actors:
 A low blood: gas partition coef cient means the 
anesthetic has low solubility and FA/FI will increase 
 aster than  or an anesthetic with increased solubility.
 Increased cardiac output will slow the rate o  rise o  
FA/FI, as will decreased minute ventilation. Minimum 
alveolar concentration (MAC) and metabolism o  vol-
atile anesthetics do not play a signi cant role in speed 
o  induction. 

Ref: Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012. 

 5. In a one compartment pharmacokinetic model, hal -
li e ( 1/2) is directly proportional to:

 (A) clearance
 (B) rate o  elimination
 (C) volume of distribution
 (D) bioavailability
 (E) hepatic blood  low

Hal -li e ( 1/2) is directly proportional to volume o  
distribution ( 1/2 =  (ln2 ×  Vd)/CL; Vd =  volume o  
distribution; CL =  clearance).
  1/2 is inversely proportional to clearance.
 Rate o  elimination =  CL ×  (drug concentration).
 Bioavailability is the portion o  drug that reaches 
the systemic circulation unchanged; it is proportional 
to the area under the curve  or a blood concentration 
versus time graph. Hepatic blood  ow is a determinant 
o   rst-pass elimination.

Ref: Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012. 

 6. T e degree o  ionization o  a drug can markedly alter 
its lipid solubility. Which o  these weak bases will be 
the most lipid soluble at pH 7.9?

 (A) codeine (pKa =  8.2)
 (B) methadone (pKa =  8.4)
 (C) chlordiazepoxide (pKa =  4.6)
 (D) lidocaine (pKa =  7.9)
 (E) propranolol (pKa =  9.4)

pKa is the pH at which 50% o  the drug is in its ion-
ized  orm and 50% is in its unionized  orm. Weak 
bases are neutral (lipid soluble) in their unprotonated 
(unionized)  orm. In an alkaline environment more o  
a weak base will be in its unprotonated  orm. At a pH 
o  7.9, propranolol (pKa =  9.4) will be the most 
unionized medication.

Ref: Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012. 

 7. T e addition o  epinephrine (1:200,000) to a lumbar 
epidural injection o  morphine will cause:

 (A) increased rate o  epidural morphine clearance.
 (B) increased peak plasma concentration o  morphine.
 (C) decreased time to peak plasma concentration o  

morphine.
 (D) increased bioavailability of intrathecal  

morphine.
 (E) increased elimination hal -time o  intrathecal 

morphine.

Epinephrine (1:200,000) added to a lumbar epidural 
injection o  morphine will alter morphine pharmaco-
kinetics in the  ollowing manner:
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 Epinephrine decreases morphine’s rate o  clearance 
 rom the epidural space. Epidural epinephrine also 
decreases the peak plasma concentration o  morphine 
and delays the time to peak plasma concentration sig-
ni cantly. At the intrathecal site, epidural epinephrine 
will increase the bioavailability o  morphine injected 
epidurally and decrease elimination hal -time.

Ref: Bernards CM, et al. Epidural, CSF, and plasma pharma-
cokinetics o  epidural opioids (Part 2). Anesthesiology. 
2003; 99:466–75.

 8. Which mechanism o  transport is most important  or 
drugs to redistribute  rom the epidural space to the spi-
nal cord?

 (A) endocytosis
 (B) active transport
 (C)  acilitated di  usion
 (D) passive diffusion
 (E) exocytosis

Drugs in the epidural space passively di use across the 
spinal meninges to the spinal cord. In general, other 
mechanisms  or drugs to permeate tissues include 
active transport,  acilitated di usion, endocytosis, and 
exocytosis.

Ref: Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012. 

 9. Ephedrine produces indirect e ects by displacing nor-
epinephrine  rom nerve terminals into the extracellular 
 uid. Repeated doses o  ephedrine can lead to rapidly 
decreased e ectiveness. What is this e ect known as?

 (A) hyporeactivity
 (B) hyperreactivity
 (C) hypersensitivity
 (D) tolerance
 (E) tachyphylaxis

Repeated doses o  a drug that rapidly causes diminished 
e ectiveness is known as tachyphylaxis. Hyporeactivity 
is a diminished drug response as compared to the gen-
eral population. Hyperreactivity is an increased drug 
response as compared to the general population. 
Hypersensitivity re ers to allergic responses to a drug. 
 olerance is a diminished response to a drug; in contrast 
to tachyphylaxis, tolerance develops over a longer time 
period.

Refs: Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012. 

Brunton LL, Chabner BA, Knollman BC. Goodman and Gil-
man’s T e Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 10. Most medications are biotrans ormed by either a phase 
I or phase II reaction. Which o  the  ollowing is an 
example o  a phase II reaction?

 (A) acetylation
 (B) oxidation
 (C) deamination
 (D) desul uration
 (E) reduction

Phase I reactions usually produce a polar metabolite. 
 ypical phase I reactions include oxidation (including 
deamination and desul uration), reduction, and 
hydrolysis. A phase II reaction is typically a conjuga-
tion reaction to  orm a highly polar metabolite.  ypical 
phase II reactions are glucuronidation, acetylation, sul-
 ation, methylation, and glutathione conjugation.

Ref: Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012. 

 11. A ter a prolonged intravenous in usion o  an anesthetic, 
which pharmacokinetic parameter is the most use ul to 
predict time to recovery?

 (A) elimination hal -li e
 (B) context-sensitive half-time
 (C) volume o  distribution
 (D) clearance
 (E) loading dose

Recovery depends on both drug elimination and drug 
redistribution. T e relative importance o  each o   
these  actors also depends on the overall duration o   
the intravenous in usion. Context-sensitive hal -time 
incorporates all o  these aspects and is a measure o  how 
long it takes  or a 50% decrease in the plasma drug 
concentration.
 Elimination hal -li e does not consider the e ects o  
drug redistribution. Elimination hal -li e measures the 
rate o  drug removal  rom the systemic circulation.
 Volume o  distribution (Vd) is the ratio o  drug in 
the body to concentration in plasma or blood.
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 Clearance is the rate o  drug elimination divided by 
the drug concentration.
 A loading dose quickly raises the concentration o  
drug in the plasma to a targeted level.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman and 
Gilman’s T e Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 12. For most drugs at clinical concentrations, drug elimina-
tion is directly proportional to drug clearance and drug 
concentration. What is this re erred to as?

 (A) intrinsic clearance
 (B)  low-dependent elimination
 (C) capacity-limited elimination
 (D) first-order elimination
 (E)  irst-pass elimination

Saturation o  drug metabolism results in nonlinear 
pharmacokinetics where a constant amount o  drug is 
eliminated per unit o  time (zero-order kinetics). How-
ever, the metabolism o  most drugs, at clinical concen-
trations, is not saturated and  ollows  rst-order kinet-
ics, where a constant  raction o  drug is eliminated per 
unit o  time. T is is termed  rst-order elimination (rate 
o  elimination =  clearance ×  drug concentration).
 Intrinsic clearance re ects the absolute metabolic 
capacity o  an organ to clear a drug, irrespective o  
actual blood  ow.
 Flow-dependent elimination usually re ers to drugs 
that are ef ciently metabolized by the liver. For these 
“high-extraction” drugs, blood  ow to the liver is the 
rate limiting step  or elimination.
 Capacity-limited elimination is another term  or 
saturable (nonlinear) elimination.
 First-pass elimination re ers to drug metabolism in the 
liver be ore the drug reaches the systemic circulation.

Refs: Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012. 

Brunton LL, Chabner BA, Knollman BC. Goodman and Gil-
man’s T e Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 13. In a clinical dose range, renal  ailure will signi cantly 
alter the termination o  action o  which drug?

 (A) vecuronium
 (B) succinylcholine

 (C) sevo lurane
 (D)  entanyl
 (E) propo ol

Renal elimination accounts  or approximately 30% o  
a dose o  vecuronium. Renal  ailure results in delayed 
elimination and a longer duration o  neuromuscular 
blockade.
 Succinylcholine is metabolized by pseudocholines-
terase, and renal  ailure does not prolong neuromuscu-
lar blockade.
 T e termination o  action o  sevo urane (and all 
volatile anesthetics) is due to pulmonary excretion 
rather than renal elimination.
 Fentanyl pharmacokinetics and clinical e ects are 
not signi cantly altered by renal  ailure. Propo ol 
undergoes liver metabolism to less active metabolites, 
which are renally excreted.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman and 
Gilman’s T e Pharmacological Basis of T erapeutics. 12th 
ed. New York, NY: McGraw Hill; 2011.

 14. Hepatic cirrhosis can have complex e ects on drug 
pharmacokinetics. For a patient with signi cant hepatic 
cirrhosis, what is a possible reason  or delayed termina-
tion o  drug action?

 (A) increased levels o  plasma binding proteins
 (B) increased hepatocyte metabolism
 (C) decreased total body water content
 (D) presence of portosystemic shunts
 (E) increased hepatic blood  low

T e e ects o  liver disease on drug termination o  
action are not always intuitive. In general, liver cirrho-
sis can alter drug pharmacokinetics due to the  ollow-
ing changes:
• presence of portosystemic shunts, 
• decreased levels of plasma binding proteins and  

albumin,
• decreased hepatocyte metabolism,
• increased total body water content and altered  

volume o  distribution, and 
• decreased hepatic blood flow.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 15. A patient is prescribed, and compliant with, a standard 
dose o  codeine  or postoperative analgesia. T e patient 
becomes unusually drowsy and requires resuscitation  or 
a near respiratory arrest. Subsequent evaluation deter-
mines that plasma levels o  morphine were abnormally 
elevated. Which o  the  ollowing is the most likely 
explanation  or this toxicity?

 (A)  he patient has increased N-acetylation activity.
 (B)  he patient is a “poor metabolizer” o  codeine.
 (C)  he patient is an “extensive metabolizer” o  

codeine.
 (D) The patient is an “ultrarapid metabolizer” of 

codeine.
 (E)  he patient has impaired glutathione trans erase 

activity.

Codeine is converted to morphine in the liver by a 
cytochrome 2D6 (CYP2D6) O-demethylation reac-
tion. Genetic polymorphisms o  CYP2D6 exist: poor 
metabolizers have reduced production o  morphine 
and reduced analgesia, extensive metabolizers are con-
sidered normal, and ultrarapid metabolizers have 
increased production o  morphine and are at higher 
risk o  respiratory depression. Other cytochrome P450 
polymorphisms exist including altered glutathione 
trans erase activity and altered N-acetylation, but they 
do not a ect codeine metabolism.

Ref: Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012.

 16. Cytochrome P450 3A4 (CYP3A4) is inhibited by 
grape ruit juice and medications such as ketoconazole 
and  uoxetine. T is can result in increased plasma con-
centrations o  drugs metabolized by CYP3A4. I  a 
patient is taking  ood or medications that inhibit 
CYP3A4, which analgesic would be an appropriate 
choice to minimize the risk o  analgesic toxicity?

 (A)  entanyl
 (B) al entanil
 (C) su entanil
 (D) methadone
 (E) hydromorphone

Hydromorphone is metabolized by CYP2D6 and inhib-
itors o  CYP3A4 will not a ect it signi cantly. Other 

opioids metabolized by CYP2D6 include prodrugs such 
as codeine, oxycodone, and hydrocodone. CYP3A4 
metabolizes many anesthetic drugs, including opioids 
( entanyl, al entanil, su entanil, methadone), benzodiaz-
epines, lidocaine, ropivacaine, and haloperidol.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 17.  otal hepatic blood  ow decreases as volatile anesthetic 
concentration is increased  rom 1 MAC to 2 MAC. 
Which drug’s hepatic clearance will be relatively una -
 ected by this decrease in hepatic blood  ow?

 (A)  entanyl
 (B) morphine
 (C) propo ol
 (D) midazolam
 (E) diazepam

Since diazepam is a drug with a low intrinsic hepatic 
clearance, changes in hepatic blood  ow will cause 
minimal changes in hepatic clearance.
 Clearance (mL/min/kg):

  Fentanyl =  13
  Morphine =  24
  Propo ol =  27

Midazolam =  6.6
   Diazepam =  0.38

For drugs that are ef ciently cleared by the liver 
(> 6 mL/min/kg), the rate limiting metabolic step is 
hepatic blood  ow, rather than intrinsic hepatic meta-
bolic capacity. T is is termed  ow-limited hepatic 
clearance (hepatic clearance =  hepatic blood  ow ×  
hepatic extraction ratio). Drugs with a high hepatic 
clearance include  entanyl, meperidine, morphine, 
propo ol, ketamine, and lidocaine. Drugs with a low 
hepatic clearance include diazepam, lorazepam, meth-
adone, and rocuronium.

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman 
and Gilman’s T e Pharmacological Basis of T erapeutics. 
12th ed. New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA:  
Elsevier; 2015.

Katzung BG, Masters SB,  revor AJ. Basic and Clinical Phar-
macology. 12th ed. (LANGE Basic series). New York, NY: 
McGraw Hill; 2012.
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 18. Possible drug-drug interactions include synergistic 
interactions and additive interactions. Which o  the 
 ollowing drug-drug interactions causes an additive 
clinical e ect?

 (A) desflurane and nitrous oxide
 (B) ketorolac and  entanyl
 (C) sevo lurane and rocuronium
 (D) cis-atracurium and vecuronium
 (E)  entanyl and midazolam

Volatile anesthetics and nitrous oxide have an additive 
interaction to cause unconsciousness. NSAIDs and 
opioids have a synergistic interaction to cause analge-
sia. Volatile anesthetics and nondepolarizing muscle 
relaxants have a synergistic interaction to cause paraly-
sis. Aminosteroid and benzylisoquinoline muscle 
relaxants have a synergistic interaction to cause paraly-
sis. Opioids have a synergistic interaction with benzo-
diazepines to cause hypnosis.

Ref: Rosow CE. Anesthetic drug interaction: An overview.  
J Clin Anesth. 1997; 9(6 Suppl):27S–32S.

 19. A patient is hypertensive with myocardial ischemia 
thought to be due to acute cocaine intoxication. Which 
o  the  ollowing initial medical treatments should be 
avoided ?

 (A) phentolamine
 (B) aspirin
 (C) nitroglycerin
 (D) propranolol
 (E) lorazepam

Initial treatments  or cocaine associated myocardial 
ischemia include benzodiazepines, aspirin, nitroglyc-
erin, and phentolamine. Propranolol is not recom-
mended, as beta-blockade can lead to unopposed alpha-
adrenergic activity and coronary vasoconstriction.

Ref: Schwartz BG, Rezkalla S, Kloner RA. Cardiovascular 
e ects o  cocaine. Circulation. 2010; 122:2558–69.

 20. Which o  the  ollowing herbal medicines may increase 
the sedative e ects o  anesthetics?

 (A) garlic
 (B) ginkgo
 (C) ginseng
 (D) kava
 (E) ephedra (ma huang)

Kava may increase the sedative e ects o  anesthetics. 
Garlic, ginkgo, ginseng, and kava all may increase the 
risk o  bleeding. Ephedra (ma huang) may cause intra-
operative hemodynamic instability via direct and indi-
rect sympathomimetic e ects.

Ref: Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012. 

 21. Which herbal medicine can inhibit reuptake o  sero-
tonin, norepinephrine, and dopamine and potentially 
interact with serotonin reuptake inhibitors to cause 
serotonin syndrome?

 (A) valerian
 (B) saw palmetto
 (C) St. John’s wort
 (D) echinacea
 (E) ginseng

St. John’s wort inhibits reuptake o  serotonin, norepi-
nephrine, and dopamine. It can interact with sero-
tonin reuptake inhibitors to cause serotonin syndrome. 
It should be discontinued 5 days be ore surgery. Vale-
rian is a sedative that modulates GABA neurotransmis-
sion. It is o ten used to treat insomnia. It should not be 
acutely withheld, as benzodiazepine-like withdrawal 
can occur. Saw palmetto is o ten used by men to relieve 
symptoms o  benign prostatic hypertrophy. T e mech-
anism o  action is not known. Echinacea is o ten used 
 or prevention and treatment o  in ections. T e mech-
anism o  action is not  ully understood, but short-term 
use is associated with immunostimulatory e ects.

Ref: Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012. 

 22. A patient is given haloperidol to manage postoperative 
agitation. A terward, the patient develops extrapyrami-
dal symptoms. Which medication should be used to 
treat this dystonic reaction?

 (A) diphenhydramine
 (B) dantrolene
 (C) calcium gluconate
 (D) atropine
 (E) acetylcysteine

MCGH380-CH08_193-206.indd   204  10/09/16   7:13 PM



Answers: 18–25  205

Haloperidol is a conventional antipsychotic o ten used 
to treat agitation. Extrapyramidal side e ects such as 
torticollis, opisthotonis, and oculogyric crisis can be 
treated with an anticholinergic agent such as benztro-
pine or diphenhydramine.
 Haloperidol can also cause neuroleptic malignant 
syndrome (NMS): hyperthermia, rigidity, altered 
mental status, autonomic lability. T e treatment o  
NMS can include dantrolene. Dantrolene is also used 
to treat malignant hyperthermia.
 Calcium gluconate is used to treat an overdose o  
calcium channel blocking drugs.
 Atropine, a muscarinic antagonist, can be used in 
conjunction with the administration o  acetylcholines-
terase inhibitors. Atropine is also used to treat organo-
phosphorus pesticide poisoning. Acetylcysteine is used 
to treat acetaminophen overdose.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman and 
Gilman’s T e Pharmacological Basis of T erapeutics. 12th 
ed. New York, NY: McGraw Hill; 2011.

 23. Which class o  medications is the most common cause 
o  anesthetic drug-induced anaphylaxis?

 (A) muscle relaxants
 (B) propo ol
 (C) opioids
 (D) ester local anesthetics
 (E) antibiotics

Muscle relaxants are the most common cause o  anes-
thetic drug-induced anaphylaxis (60% to 80% o  all 
reactions). Less  requently, induction agents (propo ol, 
etomidate), opioids, ester local anesthetics, and antibi-
otics can all potentially cause anaphylaxis.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 24. During general anesthesia, initial treatment o  an anes-
thetic drug-induced anaphylactic or anaphylactoid 
reaction includes which o  the  ollowing?

 (A) intravascular volume expansion
 (B) antihistamines
 (C) inhaled bronchodilators

 (D) corticosteroids
 (E) vasopressin

Initial therapy o  anaphylaxis during general anesthe-
sia includes:
• Stop administration of antigen.
• Maintain airway and administer 100% oxygen.
• Discontinue anesthetic agents.
• Intravascular volume expansion.
• Epinephrine.
Secondary treatment includes:
• Antihistamines.
• Bronchodilators.
• Corticosteroids.
• Sodium bicarbonate.
• Vasopressin.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 25. A patient under general anesthesia develops an anaphy-
lactic or anaphylactoid reaction. In an anesthetized 
patient, what is the most common clinical sign o  ana-
phylaxis?

 (A) wheezing
 (B) diaphoresis
 (C) urticaria
 (D) perioral edema
 (E) hypotension

Anaphylaxis re ers to li e-threatening allergic reactions. 
T e most common clinical sign o  anaphylaxis in an 
anesthetized patient is hypotension. Under anesthesia, 
other signs o  anaphylaxis may include:
• Respiratory—coughing, wheezing, decreased pul-

monary compliance, acute respiratory  ailure.
• Cardiovascular—diaphoresis, tachycardia, dysrhyth-

mias, cardiac arrest.
• Cutaneous—urticaria, flushing, perioral edema.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.
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 CHAPTER 9

Gases and Vapors

 1. Which o  the  ollowing statements regarding the 
physical properties o  nitrous oxide is FALSE? 

 (A) Nitrous oxide is colorless.
 (B) Nitrous oxide is odorless.
 (C) Nitrous oxide cannot support combustion.
 (D) Nitrous oxide has a boiling point below room 

temperature.
 (E) Nitrous oxide is non lammable.

 2. Which o  the  ollowing potent volatile agents is most 
likely to evaporate when le t in an open container in 
the operating room? 

 (A) des lurane
 (B) en lurane
 (C) halothane
 (D) iso lurane
 (E) sevo lurane

 3. Which o  the  ollowing physical properties best corre-
lates with volatile anesthetic potency? 

 (A) boiling point
 (B) density
 (C) lipid solubility
 (D) molecular mass
 (E) viscosity

 4. Nitrous oxide and xenon are both thought to inhibit 
which o  the  ollowing receptors in the central nervous 
system? 

 (A) acetylcholine 
 (B) GABA
 (C) glycine
 (D) N-methyl-D-aspartate
 (E) neurokinin 1

 5. Halothane, des urane, iso urane, and sevo urane all 
produce which o  the  ollowing e ects on cerebrovas-
cular physiology and metabolism? 

 (A) an increase in cerebral blood  low, decrease in 
metabolic rate

 (B) an increase in cerebral blood  low, no change in 
metabolic rate 

 (C) a decrease in cerebral blood  low, decrease in 
metabolic rate

 (D) a decrease in cerebral blood  low, no change in 
metabolic rate

 (E) a decrease in cerebral blood  low, increase in 
metabolic rate

 6. Nitrous oxide exerts which o  the  ollowing e ects on 
the central nervous system? 

 (A) decreased cerebral blood  low
 (B) decreased cerebral blood volume
 (C) ablation o  the cerebrovascular response to CO2

 (D) decrease in intracranial pressure
 (E) increase in cerebral metabolic rate 

 7. Which o  the  ollowing inhaled anesthetics is most 
likely to produce seizure-like activity on the electroen-
cephalogram (EEG)? 

 (A) des lurane
 (B) en lurane
 (C) halothane
 (D) iso lurane
 (E) sevo lurane
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 8. Which o  the  ollowing statements is  RUE regarding 
the e ect o  inhaled anesthetics on the cardiovascular 
system?

 (A) Des lurane has the greatest negative inotropic 
e  ect compared to other volatile agents.

 (B) halothane at 1 MAC results in tachycardia.
 (C) nitrous oxide has no e  ect on myocardial  

contractility.
 (D) iso lurane causes a re lex increase in heart rate.
 (E) sevo lurane exerts a greater decrease in systemic 

vascular resistance than iso lurane.

 9. Which o  the  ollowing inhaled gases is most likely to 
sensitize the myocardium to the arrhythmogenic e ects 
o  epinephrine? 

 (A) des lurane
 (B) en lurane
 (C) halothane
 (D) iso lurane
 (E) sevo lurane

 10. A 20-year-old healthy patient is undergoing a bunio-
nectomy using sevo urane anesthesia and a laryngeal 
mask. Which o  the  ollowing pulmonary e ects is 
most likely to occur? 

 (A) an increase in tidal volume
 (B) an increase in respiratory rate
 (C) an increase in alveolar ventilation
 (D) an increase in bronchial smooth motor tone
 (E) an increase in  unctional residual capacity

 11. A patient is emerging  rom anesthesia with an end-tidal 
concentration o  iso urane o  0.12% (0.1 MAC). 
Which o  the  ollowing pulmonary e ects would you 
most likely expect in this situation?

 (A) decreased ventilatory response to hypoxemia
 (B) decreased respiratory rate
 (C) inhibition o  hypoxic pulmonary vasodilation
 (D) increased airway resistance
 (E) increased risk o  laryngospasm

 12. Which o  the  ollowing inhaled anesthetics has the great-
est e ect on potentiation o  neuromuscular blockade?

 (A) des lurane
 (B) halothane
 (C) iso lurane
 (D) nitrous oxide
 (E) sevo lurane

 13. A woman is undergoing cesarean delivery under general 
anesthesia with 1 MAC o  iso urane in oxygen/air. 
Which o  the  ollowing best describes the e ect o  this 
gas mixture on the uterus? 

 (A) increased permeability o  the placenta to  
polarized molecules

 (B) a 20% decrease in uterine smooth muscle tone
 (C) a 40% increase in uterine blood  low
 (D) decreased responsiveness to tocolytic agents
 (E) augmentation o  the e  ect o  oxytocin

 14. Which o  the  ollowing statements regarding com-
pound A is true?

 (A) Its generation is increased when using soda lime 
instead o  Baralyme.

 (B)  oxicity is dose-dependent.
 (C) Injury to renal cells is largely irreversible.
 (D)  he likelihood o  renal injury is independent o  

inspired gas  low.
 (E) It is  ormed by the breakdown product o   

des lurane.

 15. Which o  the  ollowing statements regarding the 
inhaled anesthetics and the liver is  RUE? 

 (A) Sevo lurane has no e  ect on portal blood  low.
 (B) Nitrous oxide decreases hepatic arterial blood 

 low.
 (C) Halothane hepatitis is  atal in > 50% o  cases.
 (D) En lurane is the volatile agent that undergoes 

the highest degree o  hepatic metabolism.
 (E) Iso lurane causes direct vasoconstriction o  the 

hepatic artery.
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 16. Oxidation o  the cobalt atom o  vitamin B12 by nitrous 
oxide may lead to which o  the  ollowing? 

 (A) microcytic anemia
 (B) thrombocytopenia
 (C) erythrocytosis and increased risk  or DV 
 (D) megaloblastic anemia
 (E) leukocytosis

 17. Which o  the  ollowing immunologic e ects has been 
demonstrated with volatile anesthetics? 

 (A)  hey are bacteriostatic at clinical concentrations.
 (B)  hey decrease the ability o  leukocytes to  

phagocytize bacteria.
 (C) Increased risk o  viral in ection.
 (D) Increased chemotaxis o  leukocytes to the lung 

leading to in lammatory acute lung injury.
 (E) Suppression o  natural killer cells.

 18. Which one o  the  ollowing statements regarding the 
 ormation o  carbon monoxide during inhalational 
anesthesia is  RUE?

 (A) Carbon monoxide may be produced by iso lu-
rane, en lurane, and sevo lurane.

 (B) Dry carbon dioxide absorbent is a risk  actor  or 
carbon monoxide  ormation.

 (C) Soda lime is more likely to produce carbon 
monoxide than Baralyme.

 (D) High  resh gas  lows reduce the risk o  carbon 
monoxide  ormation.

 (E) Carbon monoxide toxicity is highest during the 
last case o  the day.

 19. Which o  the  ollowing inhaled anesthetics has the low-
est extent o  metabolism? 

 (A) des lurane
 (B) halothane
 (C) iso lurane
 (D) nitrous oxide
 (E) sevo lurane

 20. A patient undergoing a vascular procedure is switched 
 rom iso urane to sevo urane. Fi teen minutes later, 
the monitor display shows that his end-tidal iso urane 
is 0.55%, and his end-tidal sevo urane concentration 
is 0.5%. What is his minimum alveolar concentration 
(MAC)?

 (A) 0.25 MAC
 (B) 0.33 MAC
 (C) 0.5 MAC
 (D) 0.75 MAC
 (E) 1 MAC

 21. Which o  the  ollowing  actors increases MAC  or an 
individual undergoing general anesthesia? 

 (A) acute alcohol intoxication
 (B) acute cocaine intoxication
 (C) age > 70
 (D) hyperthyroidism
 (E) pregnancy

 22. Which o  the  ollowing health outcomes in operating 
room personnel has been associated with exposure to 
waste anesthetic gases? 

 (A) increased incidence o  hypertension
 (B) increased incidence o  reactive airways disease
 (C) increased incidence o  nonin ectious hepatitis
 (D) increased incidence o  neuropsychiatric disease
 (E) increased incidence o  spontaneous abortions

 23. Which o  the  ollowing regarding the inhaled anes-
thetic xenon is  RUE? 

 (A) Only 0.5% o  xenon is metabolized.
 (B) It is a naturally occurring gas.
 (C) It has a MAC o  1.17.
 (D) It is very soluble compared to other inhaled 

anesthetic agents.
 (E) It causes a dose-dependent reduction in arterial 

blood pressure.
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Answers and Explanations: 
Gases and Vapors

 1. Which o  the  ollowing statements regarding the 
physical properties o  nitrous oxide is FALSE? 

 (A) Nitrous oxide is colorless.
 (B) Nitrous oxide is odorless.
 (C) Nitrous oxide cannot support combustion.
 (D) Nitrous oxide has a boiling point below room 

temperature.
 (E) Nitrous oxide is non lammable.

Nitrous oxide is a colorless and odorless gas. While it is 
non ammable, it is an oxidizing agent and does sup-
port combustion. For this reason, its concentration 
should be kept to a minimum in cases where the risk o  
surgical or airway  re are elevated. Its boiling point is 
well below room temperature (- 88°C), meaning that 
at standard temperature and pressure, nitrous oxide 
exists in a gaseous  orm, in contrast to the potent vola-
tile anesthetic agents. However, because its critical 
temperature is above room temperature (36°C), 
nitrous oxide can be liqui ed when suf cient pressure 
exists inside a cylinder.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 2. Which o  the  ollowing potent volatile agents is most 
likely to evaporate when le t in an open container in 
the operating room? 

 (A) desflurane
 (B) en lurane
 (C) halothane
 (D) iso lurane
 (E) sevo lurane

T e degree to which a liquid will evaporate depends on 
the vapor pressure, or the pressure exerted by a vapor 
when it is in equilibrium with the liquid phase. T e 

boiling point o  a liquid is the temperature at which 
vapor pressure equals atmospheric pressure. A high 
vapor pressure and/or a low boiling point will  avor 
evaporation o  the liquid phase into a vapor phase. As 
can be seen  rom  able 9-1, des urane has the highest 
vapor pressure and lowest boiling point. In  act, at high 
altitudes, where boiling points are not as high, des u-
rane may boil at normal room temperature o  20°C.

TABLE 9-1. Vapor pressures and boiling points  or the 
potent volatile anesthetic agents.

Volatile agent
Vapor pressure at 20°C 

(mm Hg)  Boiling point (°C)

Des lurane  669  22.8
En lurane  172  56.5
Halothane  243  50.2
Iso lurane  238  48.5
Sevo lurane  157  58.5

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 3. Which o  the  ollowing physical properties best corre-
lates with volatile anesthetic potency? 

 (A) boiling point
 (B) density
 (C) lipid solubility
 (D) molecular mass
 (E) viscosity

O  all the physicochemical properties o  volatile anes-
thetics, lipid solubility correlates the best with anes-
thetic potency. T is discovery, made at the turn o  the 
20th century, was termed the Meyer-Overton theory 
o  anesthesia. Meyer was able to show that there was a 
strong correlation between the solubility o  known 
anesthetics in olive oil and their potency in tadpoles. 
When plotted in a log:log  ormat, the relationship 
between minimum alveolar concentration and oil:gas 
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partition coef cient is inverse and linear (Figure 9-1). 
For example, halothane has an oil:gas partition coef -
cient o  224, and a MAC o  0.75; on the other end o  
the spectrum, nitrous oxide has a very small oil:gas 
partition coef cient o  1.4, but a MAC o  104. Sevo-
 urane, iso urane, and des urane all  all in the middle 
o  these values.
 T e implication o  this relationship is that inhaled 
anesthetics appear to be hydrophobic and may exert 
their action in part by binding to a hydrophobic site in 
the central nervous system. It has long been postulated 
that the lipid bilayer o  neurons was the site o  action; 

the so-called “critical volume hypothesis” suggests that 
when a certain mass o  hydrophobic anesthetic mole-
cules are absorbed into the membrane, it becomes 
de ormed to the extent that protein channels no longer 
 unction properly and conduction o  action potentials 
ceases. While this may be part o  the explanation  or 
the mechanism o  anesthetic action, it is likely an over-
simpli cation, as inhaled anesthetics have been shown 
to in uence other targets, such as proteins themselves.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.
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 4. Nitrous oxide and xenon are both thought to inhibit 
which o  the  ollowing receptors in the central nervous 
system? 

 (A) acetylcholine
 (B) GABA
 (C) glycine
 (D) N-methyl-D-aspartate
 (E) neurokinin 1

Besides the lipid bilayer (as described in the Meyer-
Overton hypothesis), there are several other putative 
targets  or anesthetic action in the central nervous sys-
tem. Both nitrous oxide and the inert anesthetic gas 
xenon are believed to inhibit NMDA receptors. T is is 
one putative mechanism by which nitrous oxide pro-
vides analgesia. T ese are excitatory receptors, and their 
inhibition leads to decreased neuronal activity. Many 
anesthetics appear to enhance the GABA-ergic inhibi-
tion o  the central nervous system by hyperpolarizing 
cell membranes. T is is supported by the  act that 
GABA agonists enhance anesthesia, whereas GABA 
antagonists partially reverse anesthetic e ect. Other 
receptors that are sites o  anesthetic action probably 
include those that bind to glycine, calcium, and gluta-
mate. T e exact mechanism o  anesthetic action o  
inhaled gases is  ar  rom clear and probably involves 
many overlapping pathways.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 5. Halothane, des urane, iso urane, and sevo urane all 
produce which o  the  ollowing e ects on cerebrovas-
cular physiology and metabolism? 

 (A) an increase in cerebral blood flow, decrease in 
metabolic rate

 (B) an increase in cerebral blood  low, no change in 
metabolic rate 

 (C) a decrease in cerebral blood  low, decrease in 
metabolic rate

 (D) a decrease in cerebral blood  low, no change in 
metabolic rate

 (E) a decrease in cerebral blood  low, increase in 
metabolic rate

All o  the volatile anesthetics increase cerebral blood 
 ow (CBF) in a dose-dependent manner by acting as 
direct vasodilators o  the cerebral vasculature. However, 

while the CBF increases with the volatile agents, cere-
bral metabolism decreases, a phenomenon known as 
“uncoupling,” since the decrease in metabolic demand 
(CMRO2) is not proportionally met with a decrease in 
CBF. T is e ect is most potent  or halothane but still 
occurs with iso urane, sevo urane, and des urane, 
especially at levels > 1.5 MAC. For example, halothane 
increases CBF by approximately 200% but decreases 
CMRO2 by about 10%. In contrast, iso urane 
increases CBF by about 20% and reduces CMRO2 by 
approximately 50% (Figure 9-2). T e increase in CBF 
seen with volatile agents (and halothane in particular) 
is typically associated with an increase in cerebral 
blood volume. In patients with normal intracranial 
compliance, this does not appear to be an issue; how-
ever, in patients with reduced intracranial compliance 
(e.g., related to traumatic brain injury or tumor), the 
use o  volatile agent can signi cantly increase the intra-
cranial pressure. Hyperventilation and the induction 
o  hypocapnia may not attenuate this e ect. For this 
reason, patients with reduced intracranial compliance 
are typically anesthetized with a total intravenous anes-
thetic ( IVA) technique.
 T e cerebrovascular responsiveness to carbon dioxide 
is preserved (in patients with normal intracerebral com-
pliance) with all o  the volatile anesthetics. However, 
autoregulation in response to increased systemic arterial 
pressures is impaired due to the direct vasodilation. 
Instead o  compensatory vasoconstriction to maintain a 
constant CBF between a MAP o  50 and 150 mm Hg, 

FIG. 9-2. Anticipated changes in cerebral metabolic rate o  oxygen 
consumption (CMRO2) and cerebral blood  low (CBF) with 
approximately 1 minimum alveolar concentration (MAC) o  selected 
anesthetic gases. (Reproduced with permission  rom Miller RD. Miller’s 
Anesthesia, 8th edition. Philadelphia, PA: Elsevier, 2015).

MCGH380-CH09_207-220.indd   212  10/09/16   7:15 PM



Answers: 4–8  213

the CBF is directly tied to systemic pressures. T e lower 
part o  the autoregulation curve is not a ected, since the 
cerebral vessels are already maximally dilated. 

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 6. Nitrous oxide exerts which o  the  ollowing e ects on 
the central nervous system? 

 (A) decreased cerebral blood  low
 (B) decreased cerebral blood volume
 (C) ablation o  the cerebrovascular response to CO2

 (D) decrease in intracranial pressure
 (E) increase in cerebral metabolic rate 

Unlike the other inhaled anesthetics, nitrous oxide 
increases the cerebral metabolic rate (CMRO2). In 
addition, it also increases cerebral blood  ow, cerebral 
blood volume, and intracranial pressure when admin-
istered alone. T is is likely due to the sympathomi-
metic e ect o  the gas. In combination with the vola-
tile agents, this e ect on ICP is preserved. However, 
the co-administration o  intravenous anesthetics such 
as barbiturates, propo ol, opioids, or benzodiazepines 
greatly reduces or completely ablates this e ect, and 
ICP is not increased. Despite this, its use in neurosur-
gery is no longer routine, and especially in cases where 
intracranial compliance is decreased, its negative e ects 
outweigh any potential bene ts.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 7. Which o  the  ollowing inhaled anesthetics is most 
likely to produce seizure-like activity on the electroen-
cephalogram (EEG)? 

 (A) des lurane
 (B) enflurane
 (C) halothane
 (D) iso lurane
 (E) sevo lurane

Most volatile anesthetics have a marked e ect on the 
EEG, decreasing the high- requency activity and 
increasing the slow- requency activity. Burst suppres-
sion and isoelectric EEG patterns are possible with 
1.5 MAC to 2 MAC o  iso urane, des urane, or sevo-
 urane. CMRO2 is typically about 50% o  baseline at 
this level (remember that cerebral oxygen requirements 
are still present with isoelectric activity in order to 

maintain cellular integrity and homeostasis). Halo-
thane requires very high concentrations to produce 
burst suppression in animals (4 MAC); this concentra-
tion is clearly not clinically applicable.
 En urane is an exception to this pattern. High con-
centrations o  en urane cause a high-voltage, high-
 requency EEG pattern that can progress to spike and 
dome complexes and  rank seizure activity. T is prop-
erty can be leveraged when administering anesthesia 
 or mapping o  seizure  oci. In contrast, en urane is 
typically avoided in patients with seizure disorders.
 Nitrous oxide has no inhibitory e ect on the EEG, 
and may increase the  requency slightly.

Refs: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

Brunton LL, Chabner BA, Knollman BC. Goodman & Gil-
man’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 8. Which o  the  ollowing statements is  RUE regarding 
the e ect o  inhaled anesthetics on the cardiovascular 
system?

 (A) Des lurane has the greatest negative inotropic 
e  ect compared to other volatile agents.

 (B) Halothane at 1 MAC results in tachycardia.
 (C) Nitrous oxide has no e  ect on myocardial  

contractility.
 (D) Isoflurane causes a reflex increase in heart rate.
 (E) Sevo lurane exerts a greater decrease in systemic 

vascular resistance than iso lurane.

Nitrous oxide has a direct negative inotropic e ect on 
the myocardium. Despite this, it has the least overall 
e ect on the cardiovascular system o  all the inhaled 
gases ( able 9-2). T is is because nitrous oxide is a 
sympathetic stimulator, and the increased level o  cat-
echolamines present during nitrous anesthesia pro-
duces a slight compensatory increase in arterial blood 
pressure and heart rate so that cardiac output is essen-
tially unchanged  rom baseline. Des urane is also a 
weak stimulator o  the sympathetic system, and 
tachycardia is  requently seen during the “ramp-up” 
phase o  des urane anesthesia, when rapid increases 
in the partial pressure are occurring. Iso urane also 
produces an increase in heart rate, but this is because 
o  a baroreceptor-mediated re ex in response to vaso-
dilation. Halothane causes either no e ect on heart 
rate or a slight decrease due to a blunting o  the baro-
receptor re exes.
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 Sevo urane, des urane, and iso urane are all vaso-
dilators and decrease the SVR, with iso urane and des-
 urane producing a greater e ect than sevo urane. 
T ese reductions in SVR are associated with a decrease 
in blood pressure. Halothane also causes a decrease in 
blood pressure, but this is due to direct myocardial 
depression, not vasodilation. 
 All volatile anesthetics are mild coronary vasodila-
tors. Some concern has been expressed regarding the 
potential  or a steal phenomenon, whereby vasodila-
tion in nonstenosed areas diverts  ow  rom stenotic 
areas that are unable to vasodilate. T is concern is prob-
ably largely overstated, and providing that tachycardia 
and hypotension are avoided in patients with coronary 
disease, volatiles do not appear to cause abnormal 
myocardial per usion resulting in ischemia.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 9. Which o  the  ollowing inhaled gases is most likely to 
sensitize the myocardium to the arrhythmogenic e ects 
o  epinephrine? 

 (A) des lurane
 (B) en lurane
 (C) halothane
 (D) iso lurane
 (E) sevo lurane

Halothane has long been known to sensitize the myo-
cardium to catecholamines and predispose to arrhyth-
mias. Other volatile agents can produce the same e ect 
but to a much lesser extent. Halothane reduces the 
threshold  or both atrial and ventricular arrhythmias. 
T e e ect appears to be related to the dose o  epineph-
rine, starting with premature ventricular contractions 
at low doses and escalating through to sustained ven-
tricular tachyarrhythmias. Epinephrine doses above 
1.5 mcg/kg during halothane anesthesia should be 
avoided. T is phenomenon is attenuated by the pre-
treatment with sodium thiopental.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 10. A 20-year-old healthy patient is undergoing a bunio-
nectomy using sevo urane anesthesia and a laryngeal 
mask. Which o  the  ollowing pulmonary e ects is 
most likely to occur? 

 (A) an increase in tidal volume
 (B) an increase in respiratory rate
 (C) an increase in alveolar ventilation
 (D) an increase in bronchial smooth motor tone
 (E) an increase in  unctional residual capacity

All volatile anesthetics depress respiration via central 
e ects on the medullary respiratory center, as well as 
relaxant e ects on skeletal muscles o  respiration. Vola-
tile agents cause rapid, shallow breathing with increased 
respiratory rate and decreased tidal volumes. Despite 
the increase in rate, the overall alveolar ventilation is 
decreased, producing an increase in PaCO2. T e anes-
thetic gases all result in a decreased FRC and atelectasis 
in the spontaneously breathing patient. 
 Iso urane, sevo urane, and halothane are all potent 
bronchodilating agents, relaxing smooth muscle in the 
airway, and decreasing airway resistance (sevo >  halo 
>  iso). Des urane has little bronchodilating e ect and 
in patients with reactive airways disease can in  act pro-
voke bronchospasm. Inhalational induction with des-
 urane is associated with an increased risk o  saliva-
tion, laryngospasm, bronchospasm, and coughing due 
to its pungency. T is e ect is greatest at high concen-
trations (> 1 MAC). Its use in asthmatics and  or inha-
lational induction is discouraged.
 Nitrous oxide also causes an increase in respiratory 
rate and decrease in tidal volume, but the overall alveo-
lar ventilation appears to be preserved, with a normal 
PaCO2.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

TABLE 9-2. Cardiovascular e ects o  anesthetic gases.

Nitrous oxide  Halothane  Isof urane  Desf urane  Sevof urane

Blood pressure ↔  ↓↓  ↓↓  ↓↓  ↓
Heart rate ↔ ↔  or ↓ ↑ ↔  or ↑ ↔
Systemic vascular 

resistance
↔  ↔  ↓↓  ↓↓  ↓

Cardiac output ↔  ↓  ↔ ↔  or ↓ ↓
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 11. A patient is emerging  rom anesthesia with an end-tidal 
concentration o  iso urane o  0.12% (0.1 MAC). 
Which o  the  ollowing pulmonary e ects would you 
most likely expect in this situation?

 (A) decreased ventilatory response to hypoxemia
 (B) decreased respiratory rate
 (C) inhibition o  hypoxic pulmonary vasodilation
 (D) increased airway resistance
 (E) increased risk o  laryngospasm

T e volatile gases and nitrous oxide are potent inhibi-
tors o  the ventilatory response to hypoxemia and 
hypercarbia. T is is a dose- and agent-dependent e ect 
(halo >  iso >  sevo >  des) but overall still exists at sub-
anesthetic concentrations such as 0.1 MAC. T e e ect 
is mediated via the peripheral chemoreceptors in the 
carotid bodies.
 T is is a critical consideration during emergence 
when patients typically have small amounts o  residual 
volatile agent on-board, but little in the way o  stimu-
lation. T ese patients may become hypercarbic and 
hypoxic during transport or in the recovery room. 
Hypoxic pulmonary vasodilation is inhibited by vola-
tile agents but not at clinical concentrations and cer-
tainly not at 0.1 MAC. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 12. Which o  the  ollowing inhaled anesthetics has the great-
est e ect on potentiation o  neuromuscular blockade?

 (A) desflurane
 (B) halothane
 (C) iso lurane
 (D) nitrous oxide
 (E) sevo lurane

T e volatile agents all produce a dose-dependent 
potentiation o  neuromuscular blockade (Figure 9-3). 
T e mechanism is not entirely clear but may be related 
to inhibition o  postsynaptic acetylcholine receptors, 
an e ect on the motor neurons themselves, or enhance-
ment o  the neuromuscular antagonist at the receptor 
site. Inhaled anesthetics decrease the dose o  non-
depolarizing neuromuscular blockers required, increase 
the duration, and depress the train-o - our and tetanus 
responses. T e ability o  the volatile agent to potentiate 
this e ect is inversely related to potency; there ore, the 

order o  potentiation  rom strongest to weakest is des-
 urane >  sevo urane >  iso urane >  halothane. 
Nitrous oxide potentiates the least o  the inhaled gases. 

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 13. A woman is undergoing cesarean delivery under general 
anesthesia with 1 MAC o  iso urane in oxygen/air. 
Which o  the  ollowing best describes the e ect o  this 
gas mixture on the uterus? 

 (A) increased permeability o  the placenta to  
polarized molecules

 (B) a 20% decrease in uterine smooth muscle tone
 (C) a 40% increase in uterine blood  low
 (D) decreased responsiveness to tocolytic agents
 (E) augmentation o  the e  ect o  oxytocin

T e volatile agents all produce a dose-dependent 
decrease in uterine smooth muscle contractility. T is 
e ect may be somewhat less pronounced with des u-
rane.  raditionally,  ollowing delivery o  the  etus dur-
ing a cesarean delivery under general anesthesia, the 
volatile agent was decreased to 0.5 MAC and nitrous 
oxide was added or increased up to 0.5 MAC to reduce 
this e ect and  acilitate contraction o  the uterus, 
thereby reducing the risk o  uterine atony and post-
partum hemorrhage. T e volatile agents impair the 
ability o  oxytocin to contract the uterus. In contrast, 
volatile agents have been used in the past to  acilitate 
uterine relaxation  or manual removal o  placenta or in 

FIG. 9-3. E  ect o  1.5 minimum alveolar concentration (MAC) 
anesthesia with des lurane, sevo lurane, iso lurane, as well as propo ol 
total intravenous anesthesia on  irst twitch depression during 
rocuronium-induced neuromuscular blockade. (Reproduced with 
permission  rom Miller RD, Miller’s Anesthesia, 8th edition. Philadelphia, 
PA: Elsevier, 2015).
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dif cult deliveries (such as twins). Since general anes-
thetics are rare these days  or cesarean deliveries, other 
uterine relaxant agents such as nitroglycerin have 
almost completely supplanted the use o  volatile 
agents. Nitrous oxide has no e ect on uterine smooth 
muscle tone.
 Note that there is also a dose-dependent decrease in 
uterine blood  ow as well with the inhaled volatile 
gases. T is is related to vasodilation and arterial 
hypotension. 

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 14. Which o  the  ollowing statements regarding com-
pound A is true?

 (A) Its generation is increased when using soda lime 
instead o  Baralyme.

 (B) Toxicity is dose-dependent.
 (C) Injury to renal cells is largely irreversible.
 (D)  he likelihood o  renal injury is independent o  

inspired gas  low.
 (E) It is  ormed by the breakdown product o   

des lurane.

Compound A is a degradation product o  sevo urane 
that occurs when the gas is exposed to carbon dioxide 
absorbent. Compound A has been shown to cause 
acute tubular necrosis in rats, but the clinical implica-
tion o  this in humans is unknown. In experimental 
conditions where volunteers were exposed to long 
durations o  sevo urane anesthesia, levels o  com-
pound A did increase, as did enzymatic markers o  
renal injury and BUN and creatinine levels. However, 
these typically return to normal within several days, 
and there are no cases o  irreversible renal injury 
reported in humans.
 T e risk o  incurring nephrotoxicity appears to be 
dose dependent, with 150 ppm-hours as an accepted 
threshold (i.e., 50 ppm ×  3 hours, or 25 ppm ×  6 hours). 
Compound A is generated more when Baralyme is  
used in place o  soda lime, and especially when low 
 resh gas  ows are utilized. For this reason, the FDA 
advises that  ow rates < 2 L/min be avoided when using 
sevo urane. Although it is a primarily a theoretical  
concern, patient with preexisting renal injury should 
probably avoid sevo urane, as other volatile options 
exist.

 15. Which o  the  ollowing statements regarding the 
inhaled anesthetics and the liver is  RUE? 

 (A) Sevo lurane has no e  ect on portal blood  low.
 (B) Nitrous oxide decrease hepatic arterial blood  low.
 (C) Halothane hepatitis is fatal in > 50% of cases.
 (D) En lurane is the volatile agent that undergoes 

the highest degree o  hepatic metabolism.
 (E) Iso lurane causes direct vasoconstriction o  the 

hepatic artery.

All volatile anesthetics decrease mean arterial pressure 
and portal blood  ow, and hence total hepatic blood 
 ow. Hepatic artery blood  ow is decreased by halo-
thane and en urane through direct vasoconstriction, 
whereas iso urane and sevo urane cause increased  ow 
velocity in the hepatic sinusoids. When administered to 
volunteers not undergoing surgery, these newer volatile 
agents appear to produce no elevations in markers o  
liver injury, suggesting that surgical  actors (i.e.,  urther 
decreases in hepatic blood  ow related to positioning or 
retraction) may be responsible  or any transient eleva-
tions in enzymes observed. Nitrous oxide has no signi -
cant e ect on hepatic hemodynamics. 
 Halothane undergoes metabolism by the liver 
(15%–20%), more than any other volatile anesthetic 
(sevo urane 5%, en urane =  3%, iso urane =  0.2%, 
des urane =  0.02%). T e breakdown products, tri-
 uoroacetic acid and tri uoroacetic chloride, are able 
to bind to proteins in the liver, where they are recog-
nized by the immune system as antigens. T e resulting 
immune response is known as halothane hepatitis, and 
typically results in  ulminant hepatic necrosis,  atal in 
50% to 75% o  cases. Multiple exposures increase the 
likelihood o  this response, in line with an immune 
mechanism. Halothane hepatitis is 10 to 20 times 
more prevalent in adults than in the pediatric 
population.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 16. Oxidation o  the cobalt atom o  vitamin B12 by nitrous 
oxide may lead which o  the  ollowing? 

 (A) microcytic anemia
 (B) thrombocytopenia
 (C) erythrocytosis and increased risk  or DV 
 (D) megaloblastic anemia
 (E) leukocytosis
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Nitrous oxide irreversibly oxides the cobalt atom o  
vitamin B12, thereby inhibiting the vitamin B12 depen-
dent enzyme methionine synthetase. Methionine syn-
thetase is necessary  or the  ormation o  myelin 
(through the conversion o  homocysteine to methio-
nine) and DNA synthesis. T e clinical e ects o  the 
impairment o  DNA synthesis are primarily observed 
as megaloblastic bone marrow changes and agranulo-
cytosis. Besides the hematologic e ects, the inhibition 
o  methionine synthetase may result in neurologic 
e ects related to the decreased production o  myelin, 
including posterior lateral spinal cord degeneration, 
polyneuropathy, and ataxia. 
 T e duration o  exposure o  50% nitrous oxide to 
cause these changes is probably > 6 hours but has been 
reliably observed at about 12 hours. Exposure to 
nitrous oxide  or longer than 4 days leads to agranulo-
cytosis. Most patients are not a ected given the brie , 
single exposure, but repeated exposures can be harm-
 ul, especially given the rapid inactivation o  the 
enzymes and the long time required  or new produc-
tion. Dental personnel have a higher incidence o  
abnormal bone marrow and neurologic disease than 
operating room personnel, which may relate to the 
type o  scavenging equipment used and the inhaled 
concentration the clinicians are exposed to. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 17. Which o  the  ollowing immunologic e ects has been 
demonstrated with volatile anesthetics? 

 (A)  hey are bacteriostatic at clinical concentrations.
 (B)  hey decrease the ability o  leukocytes to  

phagocytize bacteria.
 (C) Increased risk o  viral in ection.
 (D) Increased chemotaxis o  leukocytes to the lung 

leading to in lammatory acute lung injury.
 (E) Suppression of natural killer cells.

Volatile anesthetics have been shown to suppress the 
 unction o  natural killer (NK) cells in experimental 
models. One o  the roles o  NK cells is to “mop up” the 
neoplastic cells that are not excised and/or are hema-
togenously spread during the course o  surgical exci-
sion o  a tumor. It has been argued that the suppressive 
e ect on NK cell populations is one o  the mechanisms 
by which general anesthesia using volatile anesthetic 
agents  ails to reduce the incidence o  cytologic recur-
rence in several cancer models compared to total intra-

venous anesthesia (with or without regional anesthesia). 
However, the strength o  the evidence supporting 
avoidance o  volatile agents in patients with cancer is 
weak. T e e ect that the general stress response to sur-
gery has on NK cells is probably much greater.
 Inhaled anesthetics (including nitrous oxide) decrease 
the chemotactic migration o  leukocytes necessary  or 
in ammatory reactions. T ere is evidence that anesthe-
sia with volatile agents decreases the incidence and 
severity o  acute lung injury in at-risk patients.

Ref: Hemmings HC, Egan  D. Pharmacology and Physiology 
for Anesthesia: Foundations and Clinical Application. 1st ed. 
Philadelphia, PA: Elsevier; 2013.

 18. Which one o  the  ollowing statements regarding the 
 ormation o  carbon monoxide during inhalational 
anesthesia is  RUE?

 (A) Carbon monoxide may be produced by iso lu-
rane, en lurane, and sevo lurane.

 (B) Dry carbon dioxide absorbent is a risk factor 
for carbon monoxide formation.

 (C) Soda lime is more likely to produce carbon 
monoxide than Baralyme.

 (D) High  resh gas  lows reduce the risk o  carbon 
monoxide  ormation.

 (E) Carbon monoxide toxicity is highest during the 
last case o  the day.

Volatile anesthetics can be degraded by the strong 
bases present in carbon dioxide absorbent materials 
into carbon monoxide (CO). CO is a colorless, odor-
less gas that has a high af nity  or hemoglobin, pre-
venting oxygen carriage and delivery. In addition, it is 
dif cult to detect because the pulse oximeter cannot 
di erentiate between oxyhemoglobin and carboxyhe-
moglobin. Prolonged or high levels o  CO can lead to 
delayed neurologic e ects such as cognitive e ects, 
personality changes, and ataxia. 
 Des urane produces the highest concentration o  
CO on exposure to carbon dioxide absorbent,  ol-
lowed in order by en urane and iso urane. Sevo u-
rane and halothane produce a negligible amount o  
CO. T e most important modi able risk  actor  or 
production o  CO during an anesthetic is the dryness 
o  the absorbent. Several cases have been reported o  
 rst case starts on Monday incurring CO toxicity. In 
looking  or a cause, it was noted that the  resh gas was 
le t on with high  ow rates over the weekend, drying 
out the absorbent and priming it  or such a reaction. 
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Soda lime and Baralyme are 15% and 13% water by 
weight, respectively. Soda lime must be dried out to a 
hydration level o  1.4% be ore noticeable CO produc-
tion will occur; in contrast, the hydration threshold  or 
CO production with Baralyme is about 5%. T ere ore, 
an increased margin o  sa ety exists with soda lime 
with respect to desiccation.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 19. Which o  the  ollowing inhaled anesthetics has the low-
est extent o  metabolism? 

 (A) des lurane
 (B) halothane
 (C) iso lurane
 (D) nitrous oxide
 (E) sevo lurane

Inhaled anesthetics undergo metabolism in the body 
to varying degrees. Xenon is the exception, in that 
truly no metabolic conversion exists. Halothane is the 
agent with the highest degree o  metabolism: approxi-
mately 15% to 20% o  the gas is either reduced or 
oxidized by the liver (see question 15 regarding halo-
thane hepatitis). Other gases that undergo oxidative 
metabolism via the cytochrome P450 pathway include 
sevo urane (5%), en urane (3%), iso urane (0.2%), 
and des urane (0.02%).
 Nitrous oxide is also an interesting exception. 
Although it is miniscule, there is a measurable amount 
o  the gas that undergoes reductive metabolism 
(0.004%). T is is not carried out by a metabolic path-
way in the liver but is converted to nitrogen in the 
gastrointestinal tract by anaerobic bacteria such as 
Pseudomonas. Oxygen concentrations > 10% in the 
GI tract tend to inhibit this reaction. 

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 20. A patient undergoing a vascular procedure is switched 
 rom iso urane to sevo urane. Fi teen minutes later, 
the monitor display shows that his end-tidal iso urane 
is 0.55%, and his end-tidal sevo urane concentration 
is 0.5%. What is his minimum alveolar concentration 
(MAC)?

 (A) 0.25 MAC
 (B) 0.33 MAC
 (C) 0.5 MAC

 (D) 0.75 MAC
 (E) 1 MAC

Minimum alveolar concentration (MAC) is the con-
centration o  inhaled anesthetic in the alveoli that 
inhibits movement in 50% o  patients upon surgical 
stimulus. T ere are di erent MAC derivatives  or di -
 erent goals. T e concentration required to prevent 
movement with surgical stimulus in 99% o  patients is 
approximately 1.3 MAC (or 1.3 ×  the MAC value  or 
that anesthetic gas). For example, to prevent move-
ment in 99% o  patients upon incision when using 
sevo urane (MAC 2.0%), an alveolar concentration o  
2.6% would be required. Other derivatives o  MAC 
include:
• MACBAR (MAC required to abolish sympathetic 

response to incision in 50%). Approximately 1.5 MAC.
• MACAWAKE (MAC required to abolish eye opening 

on command in 50%). Approximately 0.5 MAC.
• MACAWARE (MAC required to abolish memory and 

consciousness in 50%).  his is a less well-de ined 
concept, but is generally accepted to be less than 
MAC awake (~0.2–0.3 MAC).

T ere are two keys to answering this problem. T e  rst 
is the recognition that MAC is roughly additive. T e 
other is knowing the MAC o  common anesthetic 
gases. T e MAC values  or halothane, iso urane, sevo-
 urane, and des urane are 0.75%, 1.1%, 2%, and 6%, 
respectively. In the above example, 0.55% iso urane is 
equivalent to 0.5 MAC; 0.5% sevo urane is 25% o  its 
MAC value o  2%. Adding these up, we get 0.5 MAC 
plus 0.25 MAC equals 0.75 MAC.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 21. Which o  the  ollowing  actors increases MAC  or an 
individual undergoing general anesthesia? 

 (A) acute alcohol intoxication
 (B) acute cocaine intoxication
 (C) age > 70
 (D) hyperthyroidism
 (E) pregnancy

Multiple physiologic and pharmacologic  actors a ect 
MAC ( able 9-3). In general, CNS depressants (acute 
alcohol intoxication, opioids, barbiturates, benzodiaze-
pines, clonidine, ketamine, etc.) decrease MAC; there-
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 ore, the amount o  inhaled anesthetic required to 
achieve the same depth o  anesthesia. In contrast, CNS 
stimulants (amphetamines, cocaine, and ephedrine) all 
increase MAC. MAC also decreases with advancing age 
(at a rate o  6% per decade o  li e), pregnancy, hypother-
mia, and pro ound hypoxemia, hypercarbia, or hypoten-
sion. Chronic alcohol ingestion increases MAC.
 Several  actors have no e ect o  MAC, including 
sex, thyroid gland dys unction, hyper/hypokalemia, 
and hypertension.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 22. Which o  the  ollowing health outcomes in operating 
room personnel has been associated with exposure to 
waste anesthetic gases? 

 (A) increased incidence o  hypertension
 (B) increased incidence o  reactive airways disease
 (C) increased incidence o  nonin ectious hepatitis
 (D) increased incidence o  neuropsychiatric disease
 (E) increased incidence of spontaneous abortions

Several epidemiologic studies have demonstrated an 
increased association o  exposure to waste anesthetic 
gases with reduced  ecundity (ability to conceive) and 
an increased incidence o  spontaneous abortions and 
congenital de ects. In general, these studies show a 
relative risk  or reproductive problems between 20% 
and 90% compared to groups o  other hospital workers 
that were not exposed. However, these studies have 
multiple limitations that mandate caution in their 
interpretation. Many o  them are older studies, con-
ducted in an era where scavenging was not as sophisti-
cated as it is today. T e methodology o  several o  these 
studies was poor, prone to multiple con ounders and 
recall bias on the part o  the respondents. Several other 
surveys have suggested that it is in  act the workplace 
conditions inherent to operating room jobs that are 
associated (e.g., standing  or long hours,  atigue, long 
work hours). However, given that these increased odds 
ratios have been repeatedly demonstrated in several 
large studies, the evidence as a whole suggests a slight 
increase in this adverse health outcome exists. 

Ref: Barash PG. Clinical anesthesia. 7th ed. Philadelphia, 
PA: Lippincott Williams and Wilkins; 2013.

TABLE 9-3. Factors a ecting MAC.a

Variable  E ect on MAC  Comments  Variable  E ect on MAC  Comments
Temperature
 Hypothermia
 Hyperthermia

↓
↓ ↑  i  >  42°C

Electrolytes
 Hypercalcemia
 Hypernatremia
 Hyponatremia

↓
↑
↓

Caused by altered CSFb

Caused by altered CSF
Age
 Young
 Elderly

↑
↓

Pregnancy ↓ MAC decreased by 
one-third at 8 weeks’ 
gestation; normal by 
72 h postpartum

Alcohol
 Acute intoxication
 Chronic abuse

↓
↑

Drugs
 Local anesthetics
 Opioids
 Ketamine
 Barbiturates
 Benzodiazepines
 Verapamil
 Lithium
 Sympatholytics
  Methyldopa
  Clonidine
  Dexmedetomidine
 Sympathomimetics
  Amphetamine
   Chronic
   Acute
  Cocaine
  Ephedrine

↓
↓
↓
↓
↓
↓
↓

↓
↓
↓

↓
↑
↑
↑

Except cocaine

Anemia
 Hematocrit < 10% ↓
PaO2
 < 40 mm Hg

↓

PaCO2
 > 95 mm Hg ↓ Caused by <  pH in CSF
Thyroid
 Hyperthyroid
 Hypothyroid

No change
No change

Blood pressure
 Mean arterial pressure 

< 40 mm Hg
↓

aThese conclusions are based on human and animal studies.
bCSF, cerebrospinal f uid.
From: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan and Mikhail’s Clinical Anesthesiology. 5th ed. New York, NY: McGraw Hill; 2013.
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 23. Which o  the  ollowing regarding the inhaled anes-
thetic xenon is  RUE? 

 (A) Only 0.5% o  xenon is metabolized.
 (B) It is a naturally occurring gas.
 (C) It has a MAC o  1.17.
 (D) It is very soluble compared to other inhaled 

anesthetic agents.
 (E) It causes a dose-dependent reduction in arterial 

blood pressure.
Xenon is a naturally occurring odorless, inert gas that 
has been used as an anesthetic. Because it is inert, it 
does not combine with other molecules, and is com-
pletely eliminated without any metabolism. Xenon is 
relatively insoluble (blood:gas partition coef cient 
0.115), meaning that it reaches equilibrium with the 
tissues quickly and provides a rapid onset and emer-
gence. T e MAC o  xenon is 0.71. Its mechanism o  

action is thought to be antagonism o  the NMDA 
receptors in the central nervous system. Xenon is 
expensive (it cannot be manu actured and in  act has 
to be extracted  rom air) and in limited supply, two 
 actors that have limited its use.
 Xenon has minimal cardiorespiratory e ects, and 
blood pressure, contractility, heart rate, and systemic 
vascular resistance are all essentially unchanged. It does 
cause a slight increase in airway pressure, an e ect that 
is due to its increased viscosity compared to oxygen 
and not due to an increase in bronchial tone. Xenon 
has shown promise as a neuroprotective agent.

Refs: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
and Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

Brunton LL, Chabner BA, Knollman BC. Goodman & Gil-
man’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.
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 CHAPTER 10

Opioids

 1. Mu (µ) opioid receptor activation leads to supraspinal 
analgesia via which o  the  ollowing mechanisms?

 (A) decreased release o  substance P  rom primary 
a  erent inputs

 (B) increased release o  dopamine in the nucleus 
accumbens

 (C) decreased activity in the ventrolateral medulla
 (D) decreased release o  GABA  rom periaqueductal 

gray matter
 (E) decreased release o  dopamine in the arcuate 

nucleus

 2. Activation o  opioid receptors leads to activation o  
which intracellular transduction mechanism?

 (A) G proteins
 (B) adenylate cyclase
 (C) voltage gated calcium channels
 (D) voltage gated sodium channels
 (E) outward recti ying potassium channels

 3. Which o  the  ollowing opioids is the most hydrophilic?

 (A) morphine
 (B)  entanyl
 (C) codeine
 (D) methadone
 (E) heroin

 4. In patients with reduced renal  unction, morphine 
administration has altered duration and potency. 
Which metabolite o  morphine is responsible  or this?

 (A) morphine-3-glucuronide
 (B) morphine-6-glucuronide
 (C) morphine-3,6-diglucuronide
 (D) normorphine
 (E) morphine

 5. An adult is administered a single dose o   entanyl  
(100 micrograms intravenously). T e clinical e ects o  
 entanyl are terminated mainly by:

 (A) redistribution
 (B) hydroxylation
 (C) N-dealkylation
 (D) conjugation
 (E) demethylation

 6. A ter a 3-hour intravenous in usion, which opioid has 
the longest context sensitive hal -time?

 (A)  entanyl
 (B) su entanil
 (C) al entanil
 (D) remi entanil
 (E) propo ol

 7. Which opioid has the longest duration o  action a ter 
epidural injection?

 (A) al entanil
 (B)  entanyl
 (C) hydromorphone
 (D) methadone
 (E) morphine

 8. T e addition o  20 micrograms o   entanyl to a low-
dose bupivacaine spinal will decrease the likelihood o :

 (A) respiratory depression
 (B) pruritus
 (C) a  ailed block
 (D) urinary retention
 (E) nausea and vomiting
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 9. A patient has signi cant hepatic and renal impairment. 
 o avoid dosage adjustment due to this impairment, 
which opioid would be the best choice  or intraopera-
tive analgesia? 

 (A) methadone
 (B)  entanyl
 (C) su entanil
 (D) hydromorphone
 (E) remi entanil

 10. Which opioid must be converted  rom a prodrug to an 
active  orm?

 (A) morphine
 (B) codeine
 (C)  entanyl
 (D) hydromorphone
 (E) remi entanil

 11. In large doses, which opioid will likely produce the 
most hypotension?

 (A)  entanyl
 (B) su entanil
 (C) al entanil
 (D) morphine
 (E) remi entanil

 12. Which opioid is most likely to cause tachycardia?

 (A) morphine
 (B) meperidine
 (C) codeine
 (D)  entanyl
 (E) al entanil

 13. Which  actor is LEAS  likely to increase the risk o  
opioid related respiratory depression?

 (A) natural sleep
 (B) chronic renal  ailure
 (C) benzodiazepines
 (D) clonidine
 (E) alcohol

 14. Low doses o  opioids tend to have the greatest e ect on 
which respiratory activity?

 (A) decreased tidal volume
 (B) decreased respiratory rate
 (C) decreased chest wall rigidity
 (D) increased CO2 responsiveness
 (E) increased O2 responsiveness

 15. Which o  the  ollowing is a side e ect o  morphine?

 (A) diarrhea
 (B) peripheral vasoconstriction
 (C) biliary spasm
 (D) hyperthermia
 (E) mydriasis

 16. Which opioid metabolite is most likely to cause seizures?

 (A) meperidinic acid
 (B) nor entanyl
 (C) normeperidine
 (D) morphine-3,6-glucuronide
 (E) morphine-6-glucuronide

 17. Sustained administration o  an opiate agonist (days to 
weeks) leads to loss o  drug e ect. T is is best described as:

 (A) desensitization
 (B) tolerance
 (C) dependence
 (D) withdrawal
 (E) addiction

 18. T e combination o  monoamine oxidase inhibitors 
(MAOIs) and opiate receptor agonists can lead to 
potentially  atal serotonin syndrome. Which opiate is 
the best choice to provide analgesia  or a patient who is 
taking a MAOI?

 (A) meperidine
 (B) dextromethorphan
 (C) tramadol
 (D) tapentadol
 (E) morphine
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 19. Which opioid is most use ul  or a surgical procedure 
that requires rapid recovery?

 (A)  entanyl
 (B) su entanil
 (C) morphine
 (D) remi entanil
 (E) methadone

 20. Which opioid is relatively contraindicated in a patient 
with prolonged Q  syndrome?

 (A)  entanyl
 (B) su entanil
 (C) morphine
 (D) remi entanil
 (E) methadone
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Answers and Explanations: 
Opioids

 1. Mu (µ) opioid receptor activation leads to supraspinal 
analgesia via which o  the  ollowing mechanisms?

 (A) decreased release o  substance P  rom primary 
a  erent inputs

 (B) increased release o  dopamine in the nucleus 
accumbens

 (C) decreased activity in the ventrolateral medulla
 (D) decreased release of GABA from periaqueduc-

tal gray matter
 (E) decreased release o  dopamine in the arcuate 

nucleus

Mu (µ) opioid receptor activation at the spinal level 
decreases release o  substance P  rom primary a erent 
inputs. Euphoria and mood-altering properties o  opi-
ates are mediated by increased release o  dopamine in 
the nucleus accumbens. Respiratory rate and tidal vol-
ume are decreased by mu (µ) opioid receptor activa-
tion in the ventrolateral medulla. Prolactin release is 
increased by mu (µ) opioid receptor activation; this is 
due to presynaptically decreased release o  dopamine 
in the arcuate nucleus.

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 2. Activation o  opioid receptors leads to activation o  
which intracellular transduction mechanism?

 (A) G proteins
 (B) adenylate cyclase
 (C) voltage gated calcium channels
 (D) voltage gated sodium channels
 (E) outward recti ying potassium channels

G proteins (Gi and/or Go) are activated, as are inward 
recti ying potassium channels. Adenylate cyclase and 
voltage-gated calcium channels are inhibited by activa-
tion o  the opioid receptor. Voltage-gated sodium 
channels are not involved in opioid receptor-activated 
intracellular transduction mechanisms.

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 3. Which o  the  ollowing opioids is the most hydrophilic?

 (A) morphine
 (B)  entanyl
 (C) codeine
 (D) methadone
 (E) heroin

Morphine has a relatively low lipid solubility. Fentanyl, 
codeine, methadone, and heroin are all more lipophilic 
than morphine.

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 4. In patients with reduced renal  unction, morphine 
administration has altered duration and potency. 
Which metabolite o  morphine is responsible  or this?

 (A) morphine-3-glucuronide
 (B) morphine-6-glucuronide
 (C) morphine-3,6-diglucuronide
 (D) normorphine
 (E) morphine
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Morphine-6-glucuronide is approximately twice  
as potent as morphine and can accumulate in renal  
 ailure. Morphine-3-glucuronide may mediate  
the excitatory e ects o  morphine. Morphine-
3,6-diglucuronide is  ormed in small amounts, as is 
normorphine. Very small amounts o  morphine are 
excreted unchanged.

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 5. An adult is administered a single dose o   entanyl  
(100 micrograms intravenously). T e clinical e ects o  
 entanyl are terminated mainly by:

 (A) redistribution
 (B) hydroxylation
 (C) N-dealkylation
 (D) conjugation
 (E) demethylation

A ter a small bolus o   entanyl the plasma and CSF 
levels o   entanyl rapidly diminish due to redistribu-
tion to muscle and  at. Fentanyl undergoes 
N-dealkylation and hydroxylation in the liver. 

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 6. A ter a 3-hour intravenous in usion, which opioid has 
the longest context sensitive hal -time?

 (A) fentanyl
 (B) su entanil
 (C) al entanil
 (D) remi entanil
 (E) propo ol

Recovery  rom an opioid in usion depends on both 
drug redistribution and drug elimination. T e dura-
tion o  the in usion plays an important role. Context-
sensitive hal -time is the time  or the plasma concen-
tration o  drug to decrease by 50% (a ter a maintenance 

in usion). A ter a 3-hour intravenous in usion,  en-
tanyl will have the longest context sensitive hal -time, 
 ollowed by al entanil, su entanil, and remi entanil 
(Figure 10-1).

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 7. Which opioid has the longest duration o  action a ter 
epidural injection?

 (A) al entanil
 (B)  entanyl
 (C) hydromorphone
 (D) methadone
 (E) morphine

Morphine is relatively hydrophilic compared to the 
other listed opioids ( able 10-1). T is means mor-
phine will remain in the CSF  or a longer period o  
time—up to 24 hours a ter a single bolus.

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA:  
Elsevier; 2015.
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FIG. 10-1. In contrast to other opioids, the time necessary to 
achieve a 50% decrease in the plasma concentration o  
remi entanil (its context sensitive hal  time) is very short and is 
not in luenced by the duration o  the in usion. (Reproduced with 
permission  rom Egan TD. The pharmacokinetics o  the new 
short-acting opiod remi entanil [GI87084B] in healthy adult male 
volunteers. Anesthesiology. 1993;79:881.)
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 8. T e addition o  20 micrograms o   entanyl to a low-
dose bupivacaine spinal will decrease the likelihood o :

 (A) respiratory depression
 (B) pruritus
 (C) a failed block
 (D) urinary retention
 (E) nausea and vomiting

Spinal opioids have side e ects such as pruritus, nausea, 
vomiting, urinary retention, and respiratory depression. 
T e bene t o  spinal opioids includes increasing the 
likelihood o  a success ul spinal anesthetic when used in 
conjunction with low-dose bupivacaine or lidocaine.
Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 

Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 9. A patient has signi cant hepatic and renal impairment. 
 o avoid dosage adjustment due to this impairment, 
which opioid would be the best choice  or intraopera-
tive analgesia? 

 (A) methadone
 (B)  entanyl
 (C) su entanil
 (D) hydromorphone
 (E) remifentanil

Remi entanil is metabolized by plasma esterases. No 
adjustment is required  or hepatic or renal impairment.
Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 

Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 10. Which opioid must be converted  rom a prodrug to an 
active  orm?

 (A) morphine
 (B) codeine
 (C)  entanyl
 (D) hydromorphone
 (E) remi entanil

Approximately 10% o  administered codeine is metab-
olized in the liver to morphine. It is this morphine 
 raction that provides the analgesic e ect o  codeine.
Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 

Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 11. In large doses, which opioid will likely produce the 
most hypotension?

 (A)  entanyl
 (B) su entanil
 (C) al entanil
 (D) morphine
 (E) remi entanil

Morphine (and meperidine) can cause histamine 
release. High doses o  morphine can cause a greater 
degree o  hypotension than  entanyl, su entanil, al en-
tanil, or remi entanil.
Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 

Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA:  
Elsevier; 2015.

TABLE 10-1. Epidural or intrathecal opioids  or the treatment o  acute (bolus) or chronic (in usion) pain.

Drug  Single dose (mg)a In usion rate (mg/h)b Onset (min)  Duration o  ef ect o  a single dose (h)c

Epidural
Morphine   1–6    0.1–1.0  30   6–24
Meperidine     20–150    5–20   5  4–8
Methadone    1–10    0.3–0.5  10   6–10
Hydromorphone   1–2    0.1–0.2  15  10–16
Fentanyl  0.025–0.1   0.025–0.10  5  2–4
Su entanil   0.01–0.06    0.01–0.05   5  2–4
Al entanil     0.5–1  0.2  15  1–3
Subarachnoid (Intrathecal)
Morphine   0.1–0.3  15      8–24+
Fentanyl   0.005–0.025  5  3–6
aLow doses may be ef ective when administered to the elderly or when injected in the thoracic region. 
bI  combining with a local anesthetic, consider using 0.0625% bupivacaine.
cDuration o  analgesia varies widely; higher doses produce longer duration. With the exception o  epidural/intrathecal morphine or epidural su entanil, all other spinal opioid 
use is considered to be of  label.  
(Reprinted  rom Brunton LL, Chabner BA, Knollman BC. Goodman & Gilman’s the Pharmacological Basis of Therapeutics. 12th ed. New York, NY: McGraw Hill; 2011, a ter the 
International Association  or the Study o  Pain, 1992.)
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 12. Which opioid is most likely to cause tachycardia?

 (A) morphine
 (B) meperidine
 (C) codeine
 (D)  entanyl
 (E) al entanil

Opioids usually cause bradycardia. However, meperi-
dine rarely causes bradycardia, and it can cause tachy-
cardia. T is may be due to normeperidine’s similarity 
to atropine.
Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 

Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD, Miller’s Anesthesia. 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 13. Which  actor is LEAS  likely to increase the risk o  
opioid related respiratory depression?

 (A) natural sleep
 (B) chronic renal  ailure
 (C) benzodiazepines
 (D) clonidine
 (E) alcohol

Numerous  actors increase the risk o  opioid related 
respiratory depression: medications, general anesthet-
ics, alcohol, benzodiazepines, barbiturates; natural 
sleep, obstructive sleep apnea, the very young and the 
elderly, chronic renal or cardiopulmonary disease, and 
pain relie . Clonidine does not a ect opioid-related 
respiratory depression.

TABLE 10-2. Factors known to increase the duration or 
magnitude o  opioid related respiratory depression.

Elderly
Increased dose
Sleeping state
Other central nervous system depressants (volatile anesthetics, 

benzodiazepines, barbiturates, alcohol)
Renal insu  iciency
Hypocarbia
Respiratory acidosis
Reduced hepatic clearance (e.g., reduced hepatic blood  low)
Pain

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 14. Low doses o  opioids tend to have the greatest e ect on 
which respiratory activity?

 (A) decreased tidal volume
 (B) decreased respiratory rate
 (C) decreased chest wall rigidity
 (D) increased CO2 responsiveness
 (E) increased O2 responsiveness

Opioids depress respiratory rate, tidal volume, CO2 
responsiveness, and hypoxic stimulation (Figure 10-2). 
Chest wall rigidity is o ten increased by opioids. Gen-
erally, opioids cause a more signi cant reduction in 
respiratory rate than tidal volume.
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FIG. 10-2. CO2 response curves  rom 1 subject who received  
4 doses o  morphine 10 mg intravenously at 40-minute intervals. 
(Reprinted with permission  rom Keats AS. The e  ect o  drugs on 
respiration in man. Ann Rev Pharmacol Toxicol. 1985;25:41.)

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 15. Which o  the  ollowing is a side e ect o  morphine?

 (A) diarrhea
 (B) peripheral vasoconstriction
 (C) biliary spasm
 (D) hyperthermia
 (E) mydriasis
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Morphine can cause biliary spasm by increasing con-
traction at the sphincter o  Oddi. Morphine also slows 
GI activity and causes constipation. It also causes skin 
f ushing via cutaneous vasodilation. Opioids alter heat 
regulation, and body temperature can decrease. Opi-
oids cause miosis (pupillary constriction). 
Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 

Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 16. Which opioid metabolite is most likely to cause seizures?

 (A) meperidinic acid
 (B) nor entanyl
 (C) normeperidine
 (D) morphine-3,6-glucuronide
 (E) morphine-6-glucuronide

Normeperidine can cause excitatory symptoms includ-
ing seizures. Morphine-3-glucuronide may contribute 
to the excitatory e ects o  morphine.

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 17. Sustained administration o  an opiate agonist (days to 
weeks) leads to loss o  drug e ect. T is is best described as:

 (A) desensitization
 (B) tolerance
 (C) dependence
 (D) withdrawal
 (E) addiction

Loss o  e ect with exposure to opiates as a result o  
transient activation (minutes to hours) is termed desen-
sitization. Dependence occurs during the state o  toler-
ance. It re ers to the withdrawal syndrome that occurs 
with drug abstinence or use o  opiate antagonist.
 Addiction is a behavior o  drug-seeking that occurs 
despite negative social and/or physical outcomes.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 18. T e combination o  monoamine oxidase inhibitors 
(MAOIs) and opiate receptor agonists can lead to 

potentially  atal serotonin syndrome. Which opiate is 
the best choice to provide analgesia  or a patient who is 
taking a MAOI?

 (A) meperidine
 (B) dextromethorphan
 (C) tramadol
 (D) tapentadol
 (E) morphine

Meperidine, dextromethorphan, tramadol, and tapen-
tadol all inhibit uptake o  norepinephrine and sero-
tonin and should be avoided in patients taking MAOIs. 
Morphine is not a serotonin reuptake inhibitor.

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 19. Which opioid is most use ul  or a surgical procedure 
that requires rapid recovery?

 (A)  entanyl
 (B) su entanil
 (C) morphine
 (D) remifentanil
 (E) methadone

Remi entanil has a rapid onset and o set, making it 
ideal  or procedures requiring rapid recovery.

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 20. Which opioid is relatively contraindicated in a patient 
with prolonged Q  syndrome?

 (A)  entanyl
 (B) su entanil
 (C) morphine
 (D) remi entanil
 (E) methadone

Methadone is associated with prolonged Q  syn-
drome; other opioids are not.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.
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 CHAPTER 11

Barbiturates

 1. T e principal mechanism o  action o  the barbiturate 
class o  drugs is best described as:

 (A) blockade o  CNS sodium channels
 (B) inhibition o  NMDA receptors
 (C) potentiation o  GABA-mediated chloride currents
 (D) stimulation o  mu- and kappa-opioid receptors
 (E) stimulation o  alpha-2 adrenergic receptors

 2. In which o  the  ollowing circumstances should the 
induction dose o  barbiturates be reduced?

 (A) neonates 
 (B) plasma pH o  7.25
 (C) plasma pH o  7.55
 (D) nonpregnant  emale patients
 (E) patients taking barbiturates regularly

 3. T e primary mechanism by which a patient awakens 
 ollowing an induction dose o  thiopental is:

 (A) binding o  drug to proteins in the CSF
 (B) metabolism by microsomal enzymes in the liver
 (C) metabolism by plasma esterases
 (D) clearance by the kidneys
 (E) redistribution o  drug to lean tissues

 4. Which o  the  ollowing best describes the pharmacoki-
netics when using large doses o  thiopental?

 (A) hepatic extraction ratio increases
 (B) rate o  hepatic clearance increases
 (C) rate o  oxidative trans ormation increases
 (D) kinetics change  rom zero order to  irst order
 (E) kinetics change  rom  irst order to zero order

 5. Compared to thiopental, the reason a patient awakens 
more rapidly  rom an intravenous in usion o  metho-
hexital is that:

 (A) methohexital has a higher rate o  hepatic clearance
 (B) methohexital has a higher volume o  distribution
 (C) methohexital is less potent
 (D) methohexital is less highly protein bound
 (E) methohexital has a lower pH

 6. A 48-year-old woman is brought to the emergency 
room with a witnessed overdose o  phenobarbital, a 
short-acting barbiturate. She is con used and somno-
lent, and her vital signs are BP 85/40 mm Hg, HR 
104 bpm, RR 6/min. Which o  the  ollowing is the 
most appropriate agent to accelerate the elimination o  
the drug?

 (A)  lumazenil
 (B) naloxone
 (C) physostigmine
 (D) sodium bicarbonate
 (E) sodium thiosul ate

 7. Which o  the  ollowing best characterizes the cardio-
vascular e ect  ollowing an induction dose o  thiopen-
tal in a healthy adult?

 (A) arterial vasodilation
 (B) peripheral venodilation
 (C) bradycardia
 (D) decreased myocardial oxygen supply
 (E) increase in cardiac index
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 8. Which o  the  ollowing best describes the e ect o  bar-
biturates on the pulmonary system?

 (A) pro ound apnea lasting 8–10 minutes
 (B) brie  period o  apnea lasting 30–45 seconds
 (C) increase in the rate o  salivation
 (D) bronchospasm
 (E) inhibition o  hypoxic pulmonary vasoconstriction

 9. Which o  the  ollowing best describes the e ect o   
uremia on the  ree  raction o  thiopental?

 (A) an increase in the  ree  raction by 10%
 (B) an increase in the  ree  raction by 25%
 (C) an increase in the  ree  raction by 50%
 (D) an increase in the  ree  raction by 75%
 (E) an increase in the  ree  raction by 100%

 10. During therapeutic brain protection, thiopental cannot 
reduce the cerebral metabolic rate o  oxygen consump-
tion (CMRO2) below 50% because:

 (A) the cardiac output would be too low to support 
arterial blood pressure

 (B) thiopental would create a steal phenomenon, 
worsening  low to ischemic tissue

 (C) thiopental only a  ects the neuron’s  unctional 
cellular processes

 (D) thiopental’s maximum e  ect on CMRO2 is 
approximately 25%

 (E) an isoelectric EEG cannot be achieved with  
thiopental

 11. A pregnant woman at 39 weeks gestation is given  
4.5 mg/kg o  thiopental  or induction o  general anes-
thesia  or cesarean delivery. Which o  the  ollowing is 
NO  a likely explanation as to why the  etus is deliv-
ered in an awake state 3 minutes later?

 (A) a rapid decrease in maternal plasma levels
 (B) nonhomogeneity o  blood in the intervillous 

space
 (C) thiopental di  uses poorly across the placenta
 (D)  etal extraction o  the drug  rom umbilical 

venous blood
 (E) shunting in the  etal circulation

 12. Which o  the  ollowing best describes the reason  or the 
decreased requirement o  thiopental in elderly patients?

 (A) the decreased size o  the central compartment
 (B) the presence o  polypharmacy
 (C) increased sensitivity o  the aged brain
 (D) increased rate o  redistribution
 (E) impaired autonomic re lexes

DIRECTIONS: Use the following scenario to answer 
questions 13 and 14:
A 45-year-old woman with a history o  depression receives 
two courses o  electroconvulsive therapy 48 hours apart as 
an inpatient. Methohexital 1 mg/kg is used  or induction o  
general anesthesia on both occasions  or its epileptogenic 
e ect. One day  ollowing the second treatment, the  oor 
nurse states that the patient is complaining o  nausea, vom-
iting, severe abdominal pain, anxiety, and weakness in her 
arms and legs. Her heart rate is 110 bpm, her blood pressure 
is 160/95 mm Hg, and her respiratory rate is 24/min. She is 
a ebrile and is acting con used. Abdominal examination 
reveals pain to palpation but no peritoneal signs or rebound 
tenderness. T e nurse states that the patient passed some 
reddish-colored urine early this morning.

 13. Given the presentation above, which o  the  ollowing 
is the most likely diagnosis?

 (A) malingering
 (B) impacted kidney stones
 (C) acute appendicitis
 (D) acute porphyria
 (E) salmonella poisoning

 14. Which o  the  ollowing is the most appropriate next 
step in the management o  this patient?

 (A) administration o  midazolam
 (B) administration o  labetalol
 (C) administration o   entanyl
 (D) administration o  ondansetron
 (E) administration o  hemin
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 15. Following the bolus o  5 mL o  thiopental through an 
intravenous line placed at the wrist, a patient complains 
o  intense burning pain in his hand. T is is immedi-
ately  ollowed by blanching o  the hand and a blueish 
discoloration o  the  ngertips. Which o  the  ollowing 
is NO  an appropriate next step in the management o  
this patient?

 (A) systemic heparinization
 (B) intravenous bicarbonate
 (C) axillary brachial plexus block
 (D) intra-arterial lidocaine
 (E) intra-arterial urokinase

 16. T iopental is compatible with which o  the  ollowing 
substances?

 (A) rocuronium
 (B) meperidine
 (C) oxytocin
 (D) ephedrine
 (E) Ringer’s lactate
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 1. T e principal mechanism o  action o  the barbiturate 
class o  drugs is best described as:

 (A) blockade o  CNS sodium channels
 (B) inhibition o  NMDA receptors
 (C) potentiation of GABA-mediated chloride  

currents
 (D) stimulation o  mu- and kappa-opioid receptors
 (E) stimulation o  alpha-2 adrenergic receptors

T e mechanisms by which barbiturates produce 
unconsciousness have been extensively researched. 
Barbiturates exert their e ect at the GABAA receptor, 
but appear to have a concentration-dependent e ect. 
At low concentrations, barbiturates bind to the recep-
tor, preventing the dissociation o  GABA  rom the 
receptor and thereby prolonging its e ect; at higher 
concentrations, there appears to be a direct activation 
o  the chloride channels, mimicking GABA without 
requiring its binding to the receptor. Either mecha-
nism increases the  ow o  chloride through the central 
pore o  the receptor. T is hyperpolarizes the postsyn-
aptic cell membrane and results in inhibition o  post-
synaptic neuron.
 Barbiturates are known to have an inhibitory e ect 
on excitatory neurotransmitters (including glutamate 
and acetylcholine), although the extent to which these 
contribute to sedation and hypnosis is unclear.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 2. In which o  the  ollowing circumstances should the 
induction dose o  barbiturates be reduced?

 (A) neonates 
 (B) plasma pH of 7.25
 (C) plasma pH o  7.55
 (D) nonpregnant  emale patients
 (E) patients taking barbiturates regularly

T e usual induction dose  or thiopental (the most com-
monly used barbiturate) in adults is 3–4 mg/kg. Neo-
nates and small children o ten require more due to 
increased clearance (5–8 mg/kg), whereas pregnant 
patients and the elderly require less (1–3 mg/kg). When 
dosed  or lean body mass rather than total body mass, no 
adjustments need to be made  or sex, age, or obesity. 
 T e concentration o  barbiturate in the CNS is 
in uenced by the degree o  unbound drug. T ere ore, 
disease states that reduce overall plasma protein levels 
(e.g., cirrhosis, renal  ailure) increase the concentration 
o   ree barbiturate, necessitating a reduction in dose by 
approximately 40–50%.
 Chronic use o  barbiturates is known to induce the 
same oxidative microsomal enzymes that are responsi-
ble  or metabolism. For this reason, patients that take 
barbiturates o ten require a higher induction dose.
 Barbiturates are weak acids, and both thiopental 
(7.6) and methohexital (7.9) have a pKA slightly above 
normal physiologic pH. T iopental and methohexital 
are approximately 40% and 25% ionized at physiologic 
pH, respectively. Acidosis will increase the nonionized 
 raction and  avor trans er o  these agents into the 
brain. In patients who are acidemic, a dose reduction o  
approximately 50% is o ten recommended in order to 
achieve an appropriate e ect. In contrast, patients who 
are alkalemic  requently require an increased dose. 

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 3. T e primary mechanism by which a patient awakens 
 ollowing an induction dose o  thiopental is:

 (A) binding o  drug to proteins in the CSF
 (B) metabolism by microsomal enzymes in the liver
 (C) metabolism by plasma esterases
 (D) clearance by the kidneys
 (E) redistribution of drug to lean tissues

Answers and Explanations: 
Barbiturates
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A ter a single intravenous bolus, the plasma level o  
thiopental rapidly declines as drug moves  rom blood 
to various tissue compartments. T iopental will ini-
tially be taken up by those compartments that have 
high blood  ow (i.e., brain, heart, liver, and kidney). 
Drug is also taken up by muscle and, at a much slower 
rate,  at. As the plasma levels decline  rom the tissue 
uptake, the concentration gradient reverses in the 
brain and drug moves back into the plasma, to be 
redistributed to the other two compartments. Equili-
bration occurs in the muscle group in approximately 
15–30 minutes, while equilibrium in the  at compart-
ment takes 200–300 minutes; there ore, it is redistri-
bution to the muscle group that leads to awakening. 
Since thiopental is quite lipid soluble, large doses and/
or prolonged in usions tend to result in accumulation 
in the  at compartment, which prolong the terminal 
clearance. T is is why, compared to propo ol, patients 
who are anesthetized with thiopental experience a pro-
longed “hangover.” 
 Ultimately, all o  the drug is metabolized in the 
liver, but this has little e ect on the awakening. T io-
pental is not metabolized by plasma esterases. Protein 
binding is not an important mechanism o  e ect ter-
mination, as there is little protein in the CSF, although 
there is protein in the brain tissue. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 4. Which o  the  ollowing best describes the pharmacoki-
netics when using large doses o  thiopental?

 (A) hepatic extraction ratio increases
 (B) rate o  hepatic clearance increases
 (C) rate o  oxidative trans ormation increases
 (D) kinetics change  rom zero order to  irst order
 (E) kinetics change from first order to zero order

T e hepatic extraction ratio  or thiopental is low (0.1–
0.2). T is means that hepatic blood  ow has little 
e ect on the clearance o  drug by the liver, and clear-

ance is instead dependent more on intrinsic metabolic 
processes in the hepatic parenchyma. However, large 
doses o  thiopental have been shown to saturate recep-
tors and change the kinetics  rom  rst order to zero 
order. As such, only a constant amount o  drug is 
extracted per unit o  time, in contrast to a constant 
fraction, as in  rst-order kinetics. T e result is a  urther 
decrease in the extraction ratio, a decline in overall 
clearance, and accumulation o  drug. Answers B and C 
are nonsensical in this context.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012.

 5. Compared to thiopental, the reason a patient awakens 
more rapidly  rom an intravenous in usion o  metho-
hexital is that:

 (A) methohexital has a higher rate of hepatic 
clearance

 (B) methohexital has a higher volume o  distribution
 (C) methohexital is less potent
 (D) methohexital is less highly protein bound
 (E) methohexital has a lower pH

Methohexital and thiopental have similar pharmacoki-
netics, including volume o  distribution, distribution 
hal -lives, and rates o  protein binding. Methohexital is 
a more potent drug, requiring only 1–1.5 mg/kg to 
achieve unconsciousness versus 3–5 mg/kg  or thio-
pental. Both drugs are alkaline solutions o  pH 10–11. 
T e reason that patients awaken more quickly  rom a 
methohexital in usion relates to its roughly three old 
higher rate o  hepatic clearance ( able 11-1). 
 Both thiopental and methohexital are biotrans-
 ormed hepatically into inactive, water-soluble metab-
olites that are either conjugated to glucuronic acid and 
excreted in the bile, or excreted directly into the urine.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

TABLE 11-1. Pharmacologic properties of methohexital and thiopental.

Drug  Formulation
Typical induction 

dose (mg/kg)  Vss (L/kg)
Protein binding 

(%)
t1/2α  (distribution 

half life)
t1/2β  (terminal 

half life)

Methohexital  2.5% solution, pH 10–11  1–1.5  2.2  70–80  6  3.9
Thiopental  1% solution, pH 10–11  3–5  2.5  75–85  8  11.6

MCGH380-CH11_229-238.indd   233  10/09/16   7:20 PM



234  11: Barbiturates

 6. A 48-year-old woman is brought to the emergency 
room with a witnessed overdose o  phenobarbital, a 
short-acting barbiturate. She is con used and somno-
lent, and her vital signs are BP 85/40 mm Hg, HR 104 
bpm, RR 6/min. Which o  the  ollowing is the most 
appropriate agent to accelerate the elimination o  the 
drug?

 (A)  lumazenil
 (B) naloxone
 (C) physostigmine
 (D) sodium bicarbonate
 (E) sodium thiosul ate

T ere is no speci c antidote to barbiturate toxicity, 
and treatment is supportive. In addition to activated 
charcoal and hemodynamic support, this patient 
should receive sodium bicarbonate to alkalinize the 
urine. Since barbiturates are weak acids, a more alka-
line environment in the renal tubule promotes disso-
ciation o  the molecule and a greater proportion o  
ionized drug on the tubule side o  the membrane (ion 
trapping). Goals should include maintaining a urine 
pH > 7.5 and a urine output o  ≥ 2 mL/kg/hr. Hypo-
kalemia should also be treated as it will hamper e orts 
to alkalinize the urine due to H+ -K+  exchange in the 
kidney. 
 Flumazenil is the antidote  or benzodiazepines, 
while naloxone is a speci c opioid-antagonist. Physo-
stigmine is used to treat anticholinergic symptoms. 
Sodium thiosul ate is used in the treatment o  cyanide 
poisoning.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 7. Which o  the  ollowing best characterizes the cardio-
vascular e ect  ollowing an induction dose o  thiopen-
tal in a healthy adult?

 (A) arterial vasodilation
 (B) peripheral venodilation
 (C) bradycardia
 (D) decreased myocardial oxygen supply
 (E) increase in cardiac index

Barbiturates consistently produce a reduction in venous 
tone due primarily to a central sympatholytic e ect, and 
to a lesser extent a direct e ect on venous smooth muscle. 
T is results in an increase in venous capacitance and a 

decrease in ventricular  lling. T ere is also an associated 
direct negative inotropic e ect on the heart due to a 
decrease in calcium in ux into the myocytes. T e arterial 
circulation is o ten only minimally a ected; however, in 
cases where sympathetic tone is high (e.g., hypovolemia, 
shock), even small doses o  thiopental may result in pro-
 ound decreases in arterial pressure and cardiac output. 
T e heart rate usually increases upon induction with thio-
pental (10–36%), due to baroreceptor-mediated re ex 
stimulation  ollowing a decrease in cardiac output and 
arterial pressure. T is relative tachycardia partially o sets 
the decrease in cardiac output, but also increases myocar-
dial work, and there ore care must be taken in patients 
who have ischemic heart disease. However, the arterio-
coronary venous oxygen di erence is typically unchanged, 
providing the patient has normal coronary arteries that 
can increase  ow to meet demand, and providing arterial 
diastolic pressure is not signi cantly reduced. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 8. Which o  the  ollowing best describes the e ect o  bar-
biturates on the pulmonary system?

 (A) pro ound apnea lasting 8–10 minutes
 (B) brief period of apnea lasting 30–45 seconds
 (C) increase in the rate o  salivation
 (D) bronchospasm
 (E) inhibition o  hypoxic pulmonary 

vasoconstriction

Barbiturates produce a transient depression o  respira-
tory drive, with apnea occurring in at least 20% o  
patients induced with thiopental alone; the concomi-
tant use o  opioids increases the incidence and dura-
tion o  apnea signi cantly. By themselves, barbiturates 
should be expected to produce apnea occurring at 
60–90 seconds a ter the bolus, lasting approximately 
30–45 seconds, with  ull respiratory recovery a ter 
approximately 15 minutes.
 Unlike ketamine, barbiturates do not promote 
excess salivation. While barbiturates are not broncho-
dilators, they are not associated with bronchospasm 
and are sa e to use in asthmatics. As is the case with 
intravenous anesthetics as a whole, hypoxic pulmonary 
vasoconstriction is not impaired with the use o  
barbiturates.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.
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 9. Which o  the  ollowing best describes the e ect o   
uremia on the  ree  raction o  thiopental?

 (A) an increase in the  ree  raction by 10%
 (B) an increase in the  ree  raction by 25%
 (C) an increase in the  ree  raction by 50%
 (D) an increase in the  ree  raction by 75%
 (E) an increase in the free fraction by 100%

Uremia causes a decrease in the protein binding o  
thiopental. In one study o  the e ect o  chronic renal 
and hepatic disease on the unbound  raction o  thio-
pental, it was  ound that compared to a baseline  ree 
 raction o  28%, these diseases led to an increase in the 
unbound  raction to 53% and 56%, respectively. T is 
doubling (i.e., a 100% increase) in the  ree  raction 
necessitates a 50% reduction in the dose o  thiopental 
on induction in both these populations.
 A  urther reason to reduce the dose o  thiopental in 
renal disease is the preexisting cardiac depression. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 10. During therapeutic brain protection, thiopental cannot 
reduce the cerebral metabolic rate o  oxygen consump-
tion (CMRO2) below 50% because:

 (A) the cardiac output would be too low to support 
arterial blood pressure

 (B) thiopental would create a steal phenomenon, 
worsening  low to ischemic tissue

 (C) thiopental only affects the neuron’s functional 
cellular processes

 (D) thiopental’s maximum e  ect on CMRO2 is 
approximately 25%

 (E) an isoelectric EEG cannot be achieved with  
thiopental

Barbiturates are one o  several pharmacologic agents 
capable o  brain protection, and have conclusively 
been shown to bene cially a ect outcomes during 
 ocal cerebral ischemia. T ey exert their e ect by 
reducing the metabolic demand o  the functioning 
brain and, i  administered in suf cient doses, slow the 
EEG down to burst suppression and  nally electrical 
silence. At this stage, the CMRO2 is approximately 
50%. Further increases in thiopental concentration 
will not a ect CMRO2 because the remaining oxygen 
demand is  or constitutive cellular metabolic processes. 

T ese can only be reduced through the application o  
hypothermia, such as in the use o  deep hypothermic 
circulatory arrest, where temperatures o  < 18°C result 
in a CMRO2 o  < 10%.
 T iopental is an anticonvulsant, and may also con-
 er protection by  ree radical scavenging, membrane 
stabilization, NMDA antagonism, Ca channel block-
ade, and maintenance o  protein synthesis. 
 T iopental has been shown to result in a reverse 
steal phenomenon, where the vasoconstriction and 
reduction in cerebral blood  ow that accompanies the 
decreased CMRO2 leads to shunting o  blood away 
 rom healthy brain toward those ischemic areas that 
cannot vasoconstrict.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 11. A pregnant woman at 39 weeks gestation is given 
4.5 mg/kg o  thiopental  or induction o  general anes-
thesia  or cesarean delivery. Which o  the  ollowing is 
NO  a likely explanation as to why the  etus is deliv-
ered in an awake state 3 minutes later?

 (A) a rapid decrease in maternal plasma levels
 (B) nonhomogeneity o  blood in the intervillous 

space
 (C) thiopental diffuses poorly across the placenta
 (D)  etal extraction o  the drug  rom umbilical 

venous blood
 (E) shunting in the  etal circulation

As a lipid-soluble drug, thiopental is readily trans-
ported across the placenta, with reported  etal-to-
maternal ratios between 0.4 and 1.1. However, events 
occur in both the mother and  etus to reduce the con-
centration o  thiopental that reaches the brain.
 Just as in nonpregnant adults, the plasma thiopen-
tal concentration in the central compartment rapidly 
declines a ter a bolus  rom redistribution to the brain 
and other highly per used viscera, and subsequently 
the muscle tissue. T is decline aids in the reduction o  
drug trans er across the placenta.
 Maternal blood enters the intervillous space  rom 
the endometrial spiral arterioles in high-pressure spurts 
that are nonuni orm and dependent on several  actors 
(e.g., intrauterine pressure, contour o  the contraction 
wave)  or patency. T is results in a nonuni orm charac-
ter o  the villous blood —in other words,  etal blood in 
villous capillaries  rom certain underper used areas o  
the placenta may return to the umbilical vein with little 
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thiopental. T is explains the time lag in peak umbilical 
vein thiopental concentration compared to the mater-
nal arterial concentration that exists (up to 3 minutes). 
 T e umbilical vein travels  rst through the liver, 
where a large portion o  thiopental is extracted be ore 
it can reach the central circulation. T e drug concen-
tration is  urther reduced by admixture with venous 
blood  rom the gastrointestinal tract, extremities, and 
head be ore reaching the le t heart. Finally, much o  
the cardiac output is diverted through the ductus arte-
riosus, thereby returning to the placenta having not 
contributed to per usion o  the  etal brain. 

Ref: Chestnut DH. Chestnut’s Obstetric Anesthesiology: Princi-
ples and Practice. 5th ed. Philadelphia, PA: Elsevier; 2014.

 12. Which o  the  ollowing best describes the reason  or the 
decreased requirement o  thiopental in elderly patients?

 (A) the decreased size of the central compartment
 (B) the presence o  polypharmacy
 (C) increased sensitivity o  the aged brain
 (D) increased rate o  redistribution
 (E) impaired autonomic re lexes

Elderly patients experience increased peak plasma lev-
els o  thiopental compared to younger adults  or a 
given dose. T is is not a pharmacodynamic e ect (e.g., 
sensitivity o  the CNS). Rather, it is primarily due to a 
reduced volume o  the central compartment into 
which the drug initially distributes due to reduced 
total body water. In addition, decreased albumin levels 
lead to a 20% increase in  ree  raction o  thiopental. 
Finally, the elderly have a decreased rate o  redistribu-
tion (not increased) due to age-related decline in car-
diac output.  ogether these  actors contribute to an 
increased level o   ree drug presented to the geriatric 
brain. It is recommended that  or patients older than 
65 years o  age, an appropriate induction dose would 
be 2–2.5 mg/kg. Impaired autonomic re exes and 
potential drug interactions  rom polypharmacy do not 
necessarily a ect the required dose.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

DIRECTIONS: Use the following scenario to answer 
questions 13 and 14:
A 45-year-old woman with a history o  depression receives 
two courses o  electroconvulsive therapy 48 hours apart as 
an inpatient. Methohexital 1 mg/kg is used  or induction o  

general anesthesia on both occasions  or its epileptogenic 
e ect. One day  ollowing the second treatment, the  oor 
nurse states that the patient is complaining o  nausea, vom-
iting, severe abdominal pain, anxiety, and weakness in her 
arms and legs. Her heart rate is 110 bpm, her blood pressure 
is 160/95 mm Hg, and her respiratory rate is 24/min. She is 
a ebrile and is acting con used. Abdominal examination 
reveals pain to palpation but no peritoneal signs or rebound 
tenderness. T e nurse states that the patient passed some 
reddish-colored urine early this morning.

 13. Given the presentation above, which o  the  ollowing 
is the most likely diagnosis?

 (A) malingering
 (B) impacted kidney stones
 (C) acute appendicitis
 (D) acute porphyria
 (E) salmonella poisoning

T e clinical picture o  severe abdominal pain, neuro-
logic symptoms, autonomic instability, and dark urine 
 ollowing barbiturate use strongly suggests an acute 
porphyric crisis. Barbiturates are the classic anesthetic 
trigger agent  or porphyrias, and should be avoided in 
cases o  known porphyria.
 Porphyrias are a group o  diseases that have in com-
mon an enzymatic de ect that leads to the accumula-
tion o  various intermediary products o  heme synthe-
sis. Heme is a ubiquitous molecule that is a component 
o  various compounds including hemoglobin, myoglo-
bin, and the cytochromes. T e initial step in the heme 
synthesis pathway is catalyzed by the enzyme ALA syn-
thetase, which normally has a low activity level due to 
negative  eedback by intracellular  ree heme. However, 
in cases where additional heme is required (such as 
when the cytochrome p450 enzyme system is induced 
with barbiturates), ALA synthetase is readily inducible, 
and precursors are generated. Patients with porphyrias 
cannot process the precursors, leading to a buildup 
and the development o  the clinical syndrome. T e 
most important type o  porphyria in anesthetic prac-
tice is acute intermittent porphyria (AIP) as it is most 
likely to be  ulminant, and in some cases  atal. AIP is 
so named because patients experience lengthy periods 
o  quiescence between attacks.
 Acute crises are characterized by severe abdominal 
pain, nausea, vomiting and diarrhea, autonomic and 
peripheral neuropathy, cardiovascular instability (tachy-
cardia and hypertension), electrolyte disturbances 
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(hyponatremia, hypokalemia, hypomagnesemia), neu-
romuscular weakness, and psychiatric symptoms. 

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 14. Which o  the  ollowing is the most appropriate next 
step in the management o  this patient?

 (A) administration o  midazolam
 (B) administration o  labetalol
 (C) administration o   entanyl
 (D) administration o  ondansetron
 (E) administration of hemin

 reatment o  a porphyric crisis is largely supportive, 
and correction o   uid and electrolyte de cits should 
be a priority. T e prompt administration o  glucose or 
other simple carbohydrates can reduce the duration 
and intensity o  an attack, and should be another  rst 
measure. Pain can o ten be severe, and opioids are  re-
quently required  or management. Beta-blockers may 
be administered to control tachycardia and hyperten-
sion. Antiemetics such as ondansetron may also be 
required.
 Despite the above, hemin is the only speci c  orm 
o  therapy. It is a lyophylized  orm o  heme that sup-
plements the intracellular heme pool. T is inhibits 
ALA synthetase, thereby slowing the production o  
heme precursors. It is best given early in an attack, in a 
dose o  3–4 mg/kg IV daily ×  4 days. 

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 15. Following the bolus o  5 mL o  thiopental through an 
intravenous line placed at the wrist, a patient complains 
o  intense burning pain in his hand. T is is immedi-
ately  ollowed by blanching o  the hand and a blueish 
discoloration o  the  ngertips. Which o  the  ollowing 
is NO  an appropriate next step in the management o  
this patient?

 (A) systemic heparinization
 (B) intravenous bicarbonate
 (C) axillary brachial plexus block
 (D) intra-arterial lidocaine
 (E) intra-arterial urokinase

Inadvertent arterial injection o  thiopental is a serious 
matter. T is is usually heralded by the patient’s 

complaint o  intense, burning pain,  ollowed by the 
development o  blanching and/or blisters. T iopental 
causes pro ound vasoconstriction o  the artery, crystal 
 ormation, endarteritis, ADP release, and thrombosis 
and norepinephrine release, all o  which promote 
eventual ischemia and necrosis o  the distal structures 
i  per usion is suf ciently impaired. Gangrene in the 
 orearm, hand, or  ngers may necessitate amputation. 
 reatment includes administration o  intra-arterial 
lidocaine or procaine to dilate the vessel, systemic hep-
arinization to prevent/attenuate thrombosis, intra-
arterial injection o  thrombolytics to reverse thrombo-
sis, local injection o  alpha-adrenergic blockers in the 
a ected area, and per ormance o  a brachial plexus or 
stellate ganglion block to reverse the vasospasm. T ere 
is no role  or intravenous bicarbonate.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 16. T iopental is compatible with which o  the  ollowing 
substances?

 (A) rocuronium
 (B) meperidine
 (C) oxytocin
 (D) ephedrine
 (E) Ringer’s lactate

Due to its strong alkalinity (pH 10.6), thiopental is 
known to precipitate as a  ree acid when mixed with 
many drugs and solutions o  lower pH. Examples include 
nearly all o  the neuromuscular blocking agents, Ringer’s 
lactate solution, atropine, glycopyrrolate, diphenhydr-
amine, meperidine, hydromorphone, codeine, mor-
phine, and ephedrine. Drugs used in anesthesia that are 
reportedly compatible include hydrocortisone, neostig-
mine, oxytocin, and aminophylline.
 Precipitation can result in a “concrete-like” blocked 
intravenous line, rendering it useless. T is can be disas-
trous in an emergency situation, and should thiopental 
be used, the recommendation is to  ush the intrave-
nous line liberally until the thiopental is cleared with 
con dence be ore administering a subsequent drug. 
Use o  a separate IV port is also a prudent step. 

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

MCGH380-CH11_229-238.indd   237  10/09/16   7:20 PM



MCGH380-CH11_229-238.indd   238  10/09/16   7:20 PM

This page intentionally left blank 



239

 CHAPTER 12

Propofol

 1. Which o  the  ollowing is NO  a direct central nervous 
system e ect o  propo ol?

 (A) GABAA receptor activation in the hippocampus
 (B) widespread NMDA glutamate receptor inhibition
 (C) decreased serotonin levels in the area postrema
 (D) activation o  glycine-gated chloride channels in 

the spinal cord
 (E) activation o  α 2 adrenergic receptors in the locus 

ceruleus

 2. Fospropo ol is a prodrug that is converted to propo ol 
by:

 (A) hydrolysis by alkaline phosphatases
 (B) hydrolysis by blood and tissue esterases
 (C) hydrolysis by butyrylcholinesterases
 (D) a Ho mann elimination reaction
 (E) intramolecular rearrangement at physiologic pH

 3. T e pharmacokinetics and pharmacodynamics o  pro-
po ol are altered by age. Based on a mg/kg dose, which 
o  the  ollowing patients requires the largest induction 
dose o  propo ol?

 (A) preterm neonate
 (B) 1-year-old
 (C) 6-year-old
 (D) 15-year-old
 (E) 40-year-old

 4. T e rapid termination o  action a ter a single intrave-
nous dose o  propo ol is due to propo ol’s:

 (A) high hepatic extraction ratio
 (B) high degree o  protein binding
 (C) renal clearance o  glucuronic acid metabolites
 (D) redistribution to the periphery
 (E) small volume o  distribution

 5. Propo ol is metabolized mainly by the liver. However, 
since clearance o  propo ol exceeds hepatic blood f ow, 
extra-hepatic metabolism also occurs. T e organ most 
responsible  or the extra-hepatic metabolism o  propo-
 ol is the:

 (A) kidneys
 (B) large intestine
 (C) spleen
 (D) brain
 (E) pancreas

 6. Which age-related change in the drug disposition o  
propo ol explains the slower recovery  rom a propo ol 
in usion in the elderly?

 (A) increased lean body mass
 (B) increased total body water
 (C) decreased Vd

 (D) increased hepatic clearance
 (E) increased  1/2β
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 7. Which hemodynamic variable decreases the most a ter 
induction o  anesthesia with propo ol?

 (A) heart rate
 (B) systolic blood pressure
 (C) systemic vascular resistance
 (D) cardiac output
 (E) stroke volume

 8. Which intravenous anesthetic, a ter an induction dose, 
typically causes the greatest decrease in mean blood 
pressure?

 (A) midazolam
 (B) propo ol
 (C) ketamine
 (D) etomidate
 (E) thiopental

 9. A ter an induction dose o  propo ol, what is the most 
 requent e ect on the respiratory system?

 (A) apnea
 (B) increased tidal volume
 (C) bronchoconstriction
 (D) unchanged minute ventilation
 (E) increase in the slope o  the CO2-response curve

 10. A surgical procedure requires monitoring o  sensory 
evoked responses. Maintenance o  anesthesia is pro-
vided by propo ol in usion. Which sensory evoked 
response is most resistant to propo ol-induced 
change that could be mistaken  or surgically induced 
change?

 (A) visual evoked potentials (VEPs)
 (B) transcranial motor evoked potentials (MEPs)
 (C) brainstem auditory evoked potentials (BAEPs)
 (D) somatosensory evoked potentials (SSEPs)
 (E) electroencephalogram (EEG)

 11. Many intravenous anesthetics have been reported to 
cause seizure-like activity, yet many o  these same anes-
thetics also have anticonvulsant properties. Which o  
the  ollowing intravenous anesthetics is most likely to 
cause epileptogenic activity?

 (A) methohexital
 (B) propo ol
 (C) etomidate
 (D) ketamine
 (E) midazolam

 12. Propo ol in usion syndrome (PRIS) has been described 
a ter prolonged, high-dose, in usions o  propo ol. PRIS 
is characterized by:

 (A) hypokalemia
 (B) metabolic alkalosis
 (C) splenomegaly
 (D) rhabdomyolysis 
 (E) hyperglycemia

 13. During induction o  anesthesia, the most common side 
e ect o  propo ol is:

 (A) pain on injection
 (B) myoclonus
 (C) apnea
 (D) hypotension
 (E) tingling/discom ort in the genital areas

 14. Propo ol administered at a dose o  25–75 mcg/kg/min 
is appropriate  or:

 (A) induction o  general anesthesia
 (B) maintenance o  general anesthesia
 (C) sedation
 (D) antiemesis
 (E) enhancement o  neuromuscular blockade

 15. Which anesthetic is the best choice  or maintenance o  
anesthesia to ensure rapid recovery?

 (A) propo ol
 (B) thiopental
 (C) iso lurane
 (D) sevo lurane
 (E) des lurane
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Propofol

 1. Which o  the  ollowing is NO  a direct central nervous 
system e ect o  propo ol?

 (A) GABAA receptor activation in the hippocampus
 (B) widespread NMDA glutamate receptor inhibition
 (C) decreased serotonin levels in the area postrema
 (D) activation o  glycine-gated chloride channels in 

the spinal cord
 (E) activation of α 2 adrenergic receptors in the 

locus ceruleus

Dexmedetomidine is an agonist o  α 2 adrenergic recep-
tors. Activation o  these receptors in the locus ceruleus 
results in sedation. Alpha2 adrenergic receptors may 
have an indirect role in propo ol’s sedative e ects.
 Propo ol has many CNS e ects including:
• GABAA receptor activation in the hippocampus, 

which is a probable site o  propo ol’s amnestic e  ects
• Widespread NMDA glutamate receptor inhibition
• Decreased serotonin levels in the area postrema, an 

action mediated by GABA receptor activation, which 
may mediate the antiemetic e  ects o  propo ol

• Activation o  glycine-gated chloride channels in the 
spinal cord. 

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 2. Fospropo ol is a prodrug that is converted to propo ol 
by:

 (A) hydrolysis by alkaline phosphatases
 (B) hydrolysis by blood and tissue esterases
 (C) hydrolysis by butyrylcholinesterases
 (D) a Ho mann elimination reaction
 (E) intramolecular rearrangement at physiologic pH

Fospropo ol is converted to propo ol by hydrolysis by 
endothelial cell sur ace alkaline phosphatases.
 Remi entanil is hydrolyzed by blood and tissue 
esterases.

 Succinylcholine is hydrolyzed by butyrylcholines- 
terases.
 Atracurium and cis-atracurium are metabolized via 
a Ho mann elimination reaction.
 Midazolam undergoes intramolecular rearrange-
ment at physiologic pH.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 3. T e pharmacokinetics and pharmacodynamics o  pro-
po ol are altered by age. Based on a mg/kg dose, which 
o  the  ollowing patients requires the largest induction 
dose o  propo ol?

 (A) preterm neonate
 (B) 1-year-old
 (C) 6-year-old
 (D) 15-year-old
 (E) 40-year-old

T e induction dose o  propo ol  or children younger 
than 2 years o  age is 2.9 mg/kg. Preterm neonates 
require less propo ol, given their reduced  at content, 
reduced protein binding, and immature renal and 
hepatic systems. For children 6–12 years o  age, the 
induction dose o  propo ol is 2.2 mg/kg. T e typical 
adult induction dose o  propo ol is 2–2.5 mg/kg, while 
a ter the age o  60, 1–1.75 mg/kg is recommended.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 4. T e rapid termination o  action a ter a single intrave-
nous dose o  propo ol is due to propo ol’s:

 (A) high hepatic extraction ratio
 (B) high degree o  protein binding
 (C) renal clearance o  glucuronic acid metabolites
 (D) redistribution to the periphery
 (E) small volume o  distribution
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T e termination o  action o  a propo ol bolus is due to 
rapid redistribution  rom the central compartment 
(brain) to the periphery ( at). Propo ol has a high 
hepatic extraction ratio, is highly protein bound 
(98%), and is renally cleared via glucuronic acid 
metabolites, but these are not as inf uential in deter-
mining termination o  action a ter a single bolus.  
Propo ol has a relatively large volume o  distribution 
(Vd =  2–10 L/kg).

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 5. Propo ol is metabolized mainly by the liver. However, 
since clearance o  propo ol exceeds hepatic blood f ow, 
extra-hepatic metabolism also occurs. T e organ most 
responsible  or the extra-hepatic metabolism o  propo-
 ol is the:

 (A) kidneys
 (B) large intestine
 (C) spleen
 (D) brain
 (E) pancreas

T e kidneys play a role in the extra-hepatic metabo-
lism o  propo ol, with some studies indicating they 
are responsible  or 30% o  total body clearance. Other 
studies suggest that the small intestine and lungs may 
also be involved in the extra-hepatic metabolism o  
propo ol.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 6. Which age-related change in the drug disposition o  
propo ol explains the slower recovery  rom a propo ol 
in usion in the elderly?

 (A) increased lean body mass
 (B) increased total body water
 (C) decreased Vd

 (D) increased hepatic clearance
 (E) increased T1/2β

Age-related increase in elimination hal -time,  1/2β , 
results in slower recovery  rom a propo ol in usion in 
the elderly. Other age-related changes include decreased 
lean body mass, decreased total body water content, 
increased Vd, and decreased hepatic clearance.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 7. Which hemodynamic variable decreases the most a ter 
induction o  anesthesia with propo ol?

 (A) heart rate
 (B) systolic blood pressure
 (C) systemic vascular resistance
 (D) cardiac output
 (E) stroke volume

A ter induction with propo ol (2–2.5 mg/kg), systolic 
blood pressure will decrease 25–40%. Cardiac output, sys-
temic vascular resistance, and stroke volume all decrease to 
a lesser degree, while heart rate does not change.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 8. Which intravenous anesthetic, a ter an induction dose, 
typically causes the greatest decrease in mean blood 
pressure?

 (A) midazolam
 (B) propofol
 (C) ketamine
 (D) etomidate
 (E) thiopental

Propo ol will decrease mean blood pressure (MBP) up 
to 40% a ter an induction dose. Midazolam, ketamine, 
etomidate, and thiopental can all decrease MBP a ter 
induction but to a lesser extent.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 9. A ter an induction dose o  propo ol, what is the most 
 requent e ect on the respiratory system?

 (A) apnea
 (B) increased tidal volume
 (C) bronchoconstriction
 (D) unchanged minute ventilation
 (E) increase in the slope o  the CO2-response curve

T e incidence o  apnea a ter an induction dose o   
propo ol is 25–30%. Other e ects o  an induction 
dose o  propo ol can include reduced tidal volume and 
tachypnea. An in usion o  propo ol results in decreased 
tidal volume, increased respiratory rate, and a variable 
e ect on minute ventilation. Propo ol decreases  
ventilatory response to CO2 and the slope o  the  
CO2-response curve is decreased. Propo ol is a 
bronchodilator.
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Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 10. A surgical procedure requires monitoring o  sensory 
evoked responses. Maintenance o  anesthesia is pro-
vided by propo ol in usion. Which sensory evoked 
response is most resistant to propo ol-induced change 
that could be mistaken  or surgically induced change?

 (A) visual evoked potentials (VEPs)
 (B) transcranial motor evoked potentials (MEPs)
 (C) brainstem auditory evoked potentials 

(BAEPs)
 (D) somatosensory evoked potentials (SSEPs)
 (E) electroencephalogram (EEG)

BAEPs are relatively resistant to change induced by 
propo ol. Propo ol can alter SSEPs, VEPs, and transcra-
nial MEPs such that the change could be mistaken  or 
surgically induced change. Propo ol also causes EEG 
changes in a dose-dependent manner; initially ampli-
tude increases then markedly decreases, while alpha 
activity initially increases then shi ts to delta waves.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 11. Many intravenous anesthetics have been reported to 
cause seizure-like activity, yet many o  these same anes-
thetics also have anticonvulsant properties. Which o  
the  ollowing intravenous anesthetics is most likely to 
cause epileptogenic activity?

 (A) methohexital
 (B) propo ol
 (C) etomidate
 (D) ketamine
 (E) midazolam

Methohexital can cause epileptogenic activity, whereas 
propo ol, etomidate, and ketamine are more likely to 
cause myoclonic activity. Benzodiazepines such as 
midazolam are anticonvulsants.

Ref: Barash PG. Clinical Anesthesia. 7th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2013.

 12. Propo ol in usion syndrome (PRIS) has been described 
a ter prolonged, high-dose, in usions o  propo ol. PRIS 
is characterized by:

 (A) hypokalemia
 (B) metabolic alkalosis

 (C) splenomegaly
 (D) rhabdomyolysis 
 (E) hyperglycemia

Propo ol in usion syndrome (PRIS) may present as 
acute re ractory bradycardia or asystole in the setting 
o  metabolic acidosis, hepatomegaly, hyperlipidemia, 
and rhabdomyolysis. Other  eatures include hyperka-
lemia, acute cardiac  ailure, lipemia, and skeletal 
myopathy.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 13. During induction o  anesthesia, the most common side 
e ect o  propo ol is:

 (A) pain on injection
 (B) myoclonus
 (C) apnea
 (D) hypotension
 (E) tingling/discom ort in the genital areas

Side e ects o  propo ol induction include pain on 
injection, myoclonus, apnea, thrombophlebitis o  the 
vein, and tingling/discom ort in the genital area. T e 
most common side e ect o  propo ol on induction is 
hypotension.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 14. Propo ol administered at a dose o  25–75 mcg/kg/min 
is appropriate  or:

 (A) induction o  general anesthesia
 (B) maintenance o  general anesthesia
 (C) sedation
 (D) antiemesis
 (E) enhancement o  neuromuscular blockade

Propo ol administered at 25–75 mcg/kg/hr is typical 
 or sedation. Propo ol administered at 1–2.5 mg/kg is 
typical  or induction o  general anesthesia; 50–150 mcg/
kg/min  or maintenance o  general anesthesia; 
10–20 mg IV or in usion o  10 mcg/kg/min  or anti-
emesis. Propo ol does not enhance neuromuscular 
blockade produced by neuromuscular blocking  
drugs.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 15. Which anesthetic is the best choice  or maintenance o  
anesthesia to ensure rapid recovery?

 (A) propo ol
 (B) thiopental
 (C) iso lurane
 (D) sevo lurane
 (E) desflurane

With respect to rapid recovery  rom anesthesia, propo-
 ol is superior to thiopental and equal to isof urane and 
sevof urane. Use o  desf urane  or maintenance o  
anesthesia results in a  aster recovery compared to 
propo ol.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 CHAPTER 13

Etomidate

 1. T e principal mechanism o  action o  etomidate is best 
described as:

 (A) potentiation o  GABA-mediated chloride currents
 (B) stimulation o  µ- and κ -opioid receptors
 (C) stimulation o  α 2-adrenergic receptors
 (D) inhibition o  NMDA receptors
 (E) blockade o  CNS sodium channels

 2. In order to increase its water solubility, etomidate is 
 ormulated with which o  the  ollowing compounds?

 (A) glycerol
 (B) benzyl alcohol
 (C) sodium bisul ite
 (D) propylene glycol
 (E) methylparaben

DIRECTIONS: Use the following scenario to answer 
questions 3 and 4:
A 60-year-old, 80-kg man presents  or exploratory laparot-
omy a ter he was stabbed in the le t upper quadrant o  his 
abdomen. He has no other injuries. Chest X-ray reveals  ree 
air under the diaphragm. His past medical history includes 
hypercholesterolemia treated with atorvastatin and an 
appendectomy at age 15 years. Physical exam reveals blood 
pressure is 95/45 mm Hg and his heart rate is 112 bpm. He 
is pale and appears to be in mild respiratory distress as well 
as moderate pain. He has received 1,200 ml o  lactated  

Ringer’s solution intravenously since admission  rom the 
emergency department 45 minutes ago.

 3. T e most appropriate induction dose o  etomidate  or 
this patient is:

 (A) 5 mg
 (B) 12 mg
 (C) 32 mg
 (D) 64 mg
 (E) 100 mg

 4. T e expected duration o  anesthesia  ollowing the 
above single induction dose would be expected to be:

 (A) 1 minute
 (B) 2 minutes
 (C) 4 minutes
 (D) 7 minutes
 (E) 10 minutes

 5. Which o  the  ollowing best describes the method o  
inactivation o  etomidate?

 (A) metabolism in the liver by ester hydrolysis
 (B) metabolism in the bloodstream by ester  

hydrolysis
 (C) elimination by Ho mann degradation
 (D) deactivation by the lungs,  ollowed by renal 

excretion
 (E) elimination via the  ecal route
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 6. A 50-year-old man with a history o  coronary disease 
and mild aortic stenosis is scheduled  or knee replace-
ment. He is induced with 0.3 mg/kg o  etomidate. 
Which o  the  ollowing hemodynamic e ects best 
describe the expected response?

 (A) increased heart rate, increased cardiac index, no 
change in PCWP

 (B) increased heart rate, decreased cardiac index, 
decreased PCWP

 (C)  no change in heart rate, increased cardiac index, 
decreased PCWP

 (D) decreased heart rate, no change in cardiac index, 
increased PCWP

 (E) no change in heart rate, no change in cardiac 
index, no change in PCWP

 7. Which o  the  ollowing statements best describes the 
cardiac e ects  ollowing induction and intubation with 
etomidate as the sole agent?

 (A) etomidate is likely to prolong the Q  interval
 (B) hypertension and tachycardia commonly  ollow 

intubation
 (C) myocardial oxygen demand is likely to exceed 

supply
 (D) arrhythmias such as PVCs are common
 (E) re lex bradycardia o ten occurs

 8. A patient is sedated with etomidate  or DC cardiover-
sion. Which o  the  ollowing best describes the ventila-
tory e ect o  etomidate during the case?

 (A) more episodes o  apnea than equipotent  
propo ol sedation

 (B) greater respiratory drive than equipotent  
methohexital sedation

 (C) higher PaCO2 than equipotent propo ol  
sedation

 (D) reduced respiratory drive than equipotent 
methohexital sedation

 (E) a decrease in PaO2 compared to thiopental  
sedation

 9. Which o  the  ollowing best describes the e ect o  
etomidate on bronchial tone?

 (A) etomidate promotes bronchial histamine release, 
but only in doses > 0.4 mg/kg

 (C) etomidate can promote bronchial histamine 
release with any dose

 (D) etomidate has minimal e  ect on histamine 
release

 (E) etomidate e  ectively prevents histamine release 
during bronchospasm

 (F) etomidate is more e  ective than propo ol at  
preventing acetylcholine-induced tracheal  
constriction

 10. Which o  the  ollowing best describes the e ect o  an 
induction dose o  etomidate on the central nervous  
system?

 (A) a decrease in CMRO2, a decrease in CBF, and a 
decrease in CPP

 (B) a decrease in CMRO2, an increase in CBF, and a 
decrease in CPP

 (C) a decrease in CMRO2, a decrease in CBF, and an 
increase in CPP

 (D) an increase in CMRO2, a decrease in CBF, and a 
decrease in CPP

 (E) an increase in CMRO2, an increase in CBF, and 
a decrease in CPP

 11. Which o  the  ollowing is NO  associated with the use 
o  etomidate?

 (A) grand mal seizures
 (B) decreased latency o  somatosensory evoked 

potentials
 (C) the absence o  beta waves on EEG
 (D) disruption o  intraoperative mapping o  seizure 

 oci
 (E) increased amplitude o  somatosensory evoked 

potentials
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 12. Which o  the  ollowing best describes the e ect o  an 
induction dose o  etomidate on the endocrine system?

 (A) a dose-dependent, reversible inhibition o  the 
enzyme 11β -hydroxylase

 (B) a dose-dependent, reversible inhibition o  the 
enzyme tyrosine hydroxylase

 (C) a dose-dependent, reversible inhibition o  the 
enzyme catechol-O-methyltrans erase

 (D) a dose-dependent, reversible inhibition o  the 
enzyme 5α -reductase

 (E) a dose-dependent, reversible inhibition o  the 
enzyme aldosterone synthase

 13. T e lethality o  an anesthetic induction drug can be 
quanti ed by relating the lethal dose to the e ective 
hypnotic dose (LD50/ED50). Which o  the  ollowing 
best describes the LD50/ED50 o  etomidate?

 (A) 3
 (B) 4
 (C) 6
 (D) 9
 (E) 12

 14. Which o  the  ollowing is NO  a reported side e ect 
o  etomidate?

 (A) nausea and vomiting
 (B) increased intraocular pressure
 (C) super icial thrombophlebitis
 (D) myoclonic movements
 (E) pain on injection

 15. Which o  the  ollowing is the best explanation  or why 
etomidate is a poor choice  or long-term sedation in the 
critical care setting?

 (A) it precipitates in intravenous lines when added 
to acidic drugs

 (B) it is associated with an increase in ICP
 (C) it causes adrenocortical suppression
 (D) recovery is prolonged a ter in usion compared to 

other drugs
 (E) it causes an increase in serum lipids

 16. A 20-year-old otherwise healthy male is brought to the 
operating room  or decompressive craniotomy  ollow-
ing a motor vehicle accident. He also has a le t  emur 
 racture, but no intra-abdominal or intrathoracic  
injuries. Paramedics report a good deal o  blood loss 
 rom the thigh in the  eld. His blood pressure is 
85/50 mm Hg, his heart rate is 110 bpm, and his respi-
ratory rate is 28/min. Glasgow Coma Scale score is 8. 
Which o  the  ollowing is the most appropriate intra-
venous induction agent  or this patient?

 (A) etomidate
 (B) ketamine
 (C) methohexital
 (D) propo ol
 (E) thiopental
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Answers and Explanations: 
Etomidate

 1. T e principal mechanism o  action o  etomidate is best 
described as:

 (A) potentiation of GABA-mediated chloride  
currents

 (B) stimulation o  µ- and κ -opioid receptors
 (C) stimulation o  α 2-adrenergic receptors
 (D) inhibition o  NMDA receptors
 (E) blockade o  CNS sodium channels

Etomidate is an imidazole-containing anesthetic that  
is structurally unlike other intravenous anesthetics 
(Figure 13-1).

 2. In order to increase its water solubility, etomidate is 
 ormulated with which o  the  ollowing compounds?

 (A) glycerol
 (B) benzyl alcohol
 (C) sodium bisul ite
 (D) propylene glycol
 (E) methylparaben

Glycerol is one component o  the aqueous emulsion 
used to carry propo ol (the other being soy oil and egg 
phosphatide). Benzyl alcohol and methylparaben are 
both preservative agents used in intravenous medications. 
Sodium bisul te is a reducing agent used to prevent  
oxidation o  drugs.
 In the United States, etomidate is supplied as a  
2 mg/mL solution in 35% propylene glycol. It has a 
pH o  6.9 and, unlike sodium thiopental, does not 
precipitate when mixed with other drugs. Propylene 
glycol is associated with pain on injection, and the 
incidence o  pain with this  ormulation o  etomidate is 
up to 50%. A lipid  ormulation available in Europe 
may decrease this side e ect.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

DIRECTIONS: Use the following scenario to answer 
questions 3 and 4:
A 60-year-old, 80-kg man presents  or exploratory lapa-
rotomy a ter he was stabbed in the le t upper quadrant o  
his abdomen. He has no other injuries. Chest X-ray reveals 
 ree air under the diaphragm. His past medical history 
includes hypercholesterolemia treated with atorvastatin 
and an appendectomy at age 15 years. Physical exam reveals 
blood pressure is 95/45 mm Hg and his heart rate is  
112 bpm. He is pale and appears to be in mild respiratory 
distress as well as moderate pain. He has received 1,200 mL 
o  lactated Ringer’s solution intravenously since admission 
 rom the emergency department 45 minutes ago.

FIG. 13-1. Structural formula of etomidate showing imidazole 
ring with two nitrogen atoms.

T e mechanisms by which etomidate produce uncon-
sciousness are somewhat unclear, but appear to primarily 
involve activation o  GABAA receptor, increasing trans-
membrane chloride conductance. T is hyperpolarizes 
the postsynaptic cell membrane and results in inhibi-
tion o  postsynaptic neuron. While the GABAA recep-
tor is made up o  a combination o   ve subunits, the 
β 2- and β 3-subunits appear to be most important  or 
its e ect, and etomidate will selectively potentiate 
receptors containing these subunits. Etomidate has no 
analgesic activity.
Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 

Elsevier; 2015.
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 3. T e most appropriate induction dose o  etomidate  or 
this patient is:

 (A) 5 mg
 (B) 12 mg
 (C) 32 mg
 (D) 64 mg
 (E) 100 mg

T e typical range  or induction o  anesthesia when 
using etomidate is 0.2–0.6 mg/kg IV. In this case, 
12 mg represents a dose o  0.15 mg/kg, which is likely 
inadequate; 64 mg represents a dose o  0.8 mg/kg, 
which is excessive; and 32 mg represents a dose o  
0.4 mg/kg, which  alls within the appropriate range. 
In marked contrast to most other intravenous anes-
thetic agents (e.g., propo ol, thiopental,  entanyl, and 
remi entanil), hypovolemia does not alter the phar-
macodynamics o  etomidate. Hypovolemic patients 
such as this one require no dosage adjustment when 
inducing with etomidate, whereas the dose o  propo-
 ol should be reduced by 30–50% to account  or 
increased central compartment concentration and 
e ect. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 4. T e expected duration o  anesthesia  ollowing the 
above single induction dose would be expected to be:

 (A) 1 minute
 (B) 2 minutes
 (C) 4 minutes
 (D) 7 minutes
 (E) 10 minutes

T e onset o  anesthesia a ter a typical induction dose 
(0.2–0.6 mg/kg) is rapid and similar to that seen with 
propo ol or thiopental (one arm-brain circulation time). 
T e duration a ter a single bolus is linearly related to the 
dose and is approximately 100 seconds per 0.1 mg/kg. 
In this case, 0.4 mg/kg should result in 400 seconds, or 
approximately 7 minutes, o  unconsciousness.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 5. Which o  the  ollowing best describes the method o  
inactivation o  etomidate?

 (A) metabolism in the liver by ester hydrolysis
 (B) metabolism in the bloodstream by ester hydrolysis

 (C) elimination by Ho mann degradation
 (D) deactivation by the lungs,  ollowed by renal 

excretion
 (E) elimination via the  ecal route

Etomidate is metabolized in the liver by two mecha-
nisms. T e principal reaction is ester hydrolysis, which 
leads to the production o  the carboxylic acid o  etomi-
date, an inactive metabolite. T e less important hepatic 
metabolic process is N-dealkylation. While 2% o  the 
drug is excreted unchanged, most is cleared as metabo-
lites via the kidneys (85%) or via the biliary route 
(13%).

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 6. A 50-year-old man with a history o  coronary disease 
and mild aortic stenosis is scheduled  or knee replace-
ment. He is induced with 0.3 mg/kg o  etomidate. 
Which o  the  ollowing hemodynamic e ects best 
describe the expected response?

 (A) increased heart rate, increased cardiac index, no 
change in PCWP

 (B) increased heart rate, decreased cardiac index, 
decreased PCWP

 (C)  no change in heart rate, increased cardiac index, 
decreased PCWP

 (D) decreased heart rate, no change in cardiac index, 
increased PCWP

 (E) no change in heart rate, no change in cardiac 
index, no change in PCWP

Etomidate is unique in its ability to minimally a ect 
hemodynamics over a wide induction dose range 
(0.2–0.6 mg/kg), even in patients with cardiovascu-
lar disease. A typical induction dose o  0.3 mg/kg 
appears to have little e ect on heart rate, mean arte-
rial pressure, CVP, PCWP, PAP, stroke volume, car-
diac index, and both SVR and PVR. Some small 
studies have reported that patients with aortic or 
mitral valve disease may demonstrate some decrease 
(< 20%) in MAP, but other studies show minimal 
change.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 7. Which o  the  ollowing statements best describes the 
cardiac e ects  ollowing induction and intubation with 
etomidate as the sole agent?
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 (A) etomidate is likely to prolong the Q  interval
 (B) hypertension and tachycardia commonly  

follow intubation
 (C) myocardial oxygen demand is likely to exceed 

supply
 (D) arrhythmias such as PVCs are common
 (E) re lex bradycardia o ten occurs

Etomidate has minimal e ect on the Q  interval, 
and arrhythmias (such as PVCs) are not associated 
with its use. Etomidate produces a parallel decrease in 
both myocardial consumption and blood f ow, so 
that the supply-demand ratio is preserved. Ref ex bra-
dycardia does not occur with the use o  etomidate 
since baroreceptors are not activated. However, since 
etomidate does not provide any analgesia, patients 
who are not pretreated with analgesics do tend to 
exhibit tachycardia and hypertension in response to 
laryngoscopy. T is can be largely prevented with the 
administration o   entanyl 1–5 mcg/kg prior to 
induction.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 8. A patient is sedated with etomidate  or DC cardiover-
sion. Which o  the  ollowing best describes the ventila-
tory e ect o  etomidate during the case?

 (A) more episodes o  apnea than equipotent propo-
 ol sedation

 (B) greater respiratory drive than equipotent  
methohexital sedation

 (C) higher PaCO2 than equipotent propo ol  
sedation

 (D) reduced respiratory drive than equipotent 
methohexital sedation

 (E) a decrease in PaO2 compared to thiopental  
sedation

Etomidate has little e ect on the respiratory system. 
T ere is no histamine release, and as such it is a sa e 
agent to administer in patients with reactive airways 
disease. T e ventilatory response to carbon dioxide is 
depressed compared to baseline, but is greater  or a 
given PaCO2 than an equipotent dose o  methohexital. 
Many patients continue to breathe spontaneously  ol-
lowing an induction dose o  etomidate, making it an 
attractive agent  or cases required brie  sedation. In 
contrast, propo ol and the barbiturate class o  drugs 
very quickly lead to apnea in clinical doses. PaO2 is 

typically preserved. Hiccups are common  ollowing 
etomidate induction.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 9. Which o  the  ollowing best describes the e ect o  
etomidate on bronchial tone?

 (A) etomidate promotes bronchial histamine release, 
but only in doses > 0.4 mg/kg

 (C) etomidate can promote bronchial histamine 
release with any dose

 (D) etomidate has minimal effect on histamine 
release

 (E) etomidate e  ectively prevents histamine release 
during bronchospasm

 (F) etomidate is more e  ective than propo ol at  
preventing acetylcholine-induced tracheal  
constriction

Etomidate does not promote histamine release at any 
dose, and there ore it is a good choice  or use in those 
with reactive airways disease. However, it does not pre-
vent histamine release during active bronchospasm. 
Etomidate has been shown to prevent muscarinic-
induced constriction o  the tracheobronchial tree, but 
not as e ectively as propo ol.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 10. Which o  the  ollowing best describes the e ect o  an 
induction dose o  etomidate on the central nervous  
system?

 (A) a decrease in CMRO2, a decrease in CBF, and a 
decrease in CPP

 (B) a decrease in CMRO2, an increase in CBF, and a 
decrease in CPP

 (C) a decrease in CMRO2, a decrease in CBF, and 
an increase in CPP

 (D) an increase in CMRO2, a decrease in CBF, and a 
decrease in CPP

 (E) an increase in CMRO2, an increase in CBF, and 
a decrease in CPP

An induction dose o  etomidate (0.2–0.4 mg/kg) 
reduces both cerebral blood f ow and CMRO2 by 
30–45%. Etomidate also reduces elevated ICP, but 
unlike induction doses o  propo ol or thiopental, MAP 
is preserved without the need  or additional vasopres-
sor therapy. As a result, cerebral per usion pressure is 
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increased (CPP =  MAP – ICP), and there is a bene -
cial net increase in the cerebral oxygen supply-demand 
ratio. Etomidate is an appropriate agent to use  or 
induction and maintenance o  anesthesia during most 
neurosurgical procedures.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 11. Which o  the  ollowing is NO  associated with the use 
o  etomidate?

 (A) grand mal seizures
 (B) decreased latency o  somatosensory evoked 

potentials
 (C) the absence o  beta waves on EEG
 (D) disruption of intraoperative mapping of  

seizure foci
 (E) increased amplitude o  somatosensory evoked 

potentials

Etomidate produces changes in the EEG similar to thio-
pental, except that there is an absence o  increased beta 
wave activity at induction that is typically seen with 
thiopental. Increased EEG activity in epileptogenic  oci 
is common with its use, and grand mal seizures have 
been reported. For this reason it is probably best avoided 
in patients with seizure disorders. However, this prop-
erty makes it use ul as an aid to intraoperative mapping 
o  seizure  oci be ore surgical ablation. Despite this, like 
thiopental and propo ol, etomidate is an anticonvul-
sant, and has been used to treat status epilepticus.
 Unlike barbiturates, propo ol, and the volatile 
gases, etomidate does not have a negative e ect on 
amplitude or latency o  somatosensory evoked poten-
tials. Rather, etomidate has the unique ability to cause 
increases in the amplitude o  cortical SSEPs. Etomi-
date in usions have been used to enhance monitoring 
capability in patients with poor baseline recordings 
due to pathology. 

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 12. Which o  the  ollowing best describes the e ect o  an 
induction dose o  etomidate on the endocrine system?

 (A) a dose-dependent, reversible inhibition of the 
enzyme 11β -hydroxylase

 (B) a dose-dependent, reversible inhibition o  the 
enzyme tyrosine hydroxylase

 (C) a dose-dependent, reversible inhibition o   
the enzyme catechol-O-methyltrans erase

 (D) a dose-dependent, reversible inhibition o  the 
enzyme 5α -reductase

 (E) a dose-dependent, reversible inhibition o  the 
enzyme aldosterone synthase

 yrosine hydroxylase catalyzes the conversion o  
L-tyrosine to L-DOPA, an important step in the syn-
thesis o  catecholamines. In contrast, catechol-O-
methyltrans erase inactivates dopamine, norepineph-
rine, and epinephrine. 5α -reductase is involved in the 
synthesis o  androgens and estrogens. Aldosterone syn-
thase converts corticosterone to aldosterone. None o  
these are a ected by the use o  etomidate.
 Etomidate is known to cause a reversible inhibi- 
tion o  11β-hydroxylase (and, to a lesser extent, 
17α-hydroxylase), which is responsible  or converting 
11-deoxycortisol to cortisol in the zona  asciculata o  the 
adrenal cortex. T is results in a temporary reduction in 
circulating cortisol levels, and a corresponding increase 
in AC H levels (6–8 hours a ter a single bolus, up to 24 
hours a ter in usion). T e e ect is dose dependent. Con-
troversy exists regarding the clinical signi cance o  this 
e ect.  ypically the lowest cortisol level postoperatively 
can still be expected to be in the normal range. Even in 
high-stress surgical procedures, where a normal cortisol 
level is critical  or maintenance o  hemodynamic  unc-
tion, the native stress response is usually robust enough 
to overcome any temporary inhibition o  the enzyme. 
One exception may be in critically ill patients with septic 
shock; some studies have shown increased mortality in 
this population despite the use o  supplemental steroids, 
while others have  ound no di erence in outcome. T is 
has to be balanced against the  act that intraoperative 
hypotension is a strong predictor o  mortality in critically 
ill patients; since etomidate is the induction agent with 
the most stable hemodynamic e ects, some argue that it 
should still be used in this population to prevent a large 
drop in the mean arterial pressure.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 13. T e lethality o  an anesthetic induction drug can be 
quanti ed by relating the lethal dose to the e ective 
hypnotic dose (LD50/ED50). Which o  the  ollowing 
best describes the LD50/ED50 o  etomidate?

 (A) 3
 (B) 4
 (C) 6
 (D) 9
 (E) 12
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Etomidate appears to be the least lethal o  the com-
monly used anesthetic induction drugs, based on ther-
apeutic index studies in rodents ( able 13-1).

TABLE 13-1. LD50/ED50 for commonly used induction 
agents.

Intravenous Anesthetic Agent  LD50/ED50

Etomidate (racemic)  12
Ketamine (racemic)  6.3
Methohexital  4.8–9.5
Thiopental  3.6–4.6
Propofol  3.4

Source: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: Elsevier; 2015.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 14. Which o  the  ollowing is NO  a reported side e ect 
o  etomidate?

 (A) nausea and vomiting
 (B) increased intraocular pressure
 (C) super icial thrombophlebitis
 (D) myoclonic movements
 (E) pain on injection

Nausea and vomiting occur commonly (30–40%) with 
etomidate. Pain on injection carries a similar incidence 
as propo ol but can be attenuated with the injection o  
lidocaine in advance. Super cial thrombophlebitis is 
also relatively common (up to 20%) and can occur as 
much as 24–72 hours a ter injection, usually through a 
small gauge cannula. Etomidate is commonly associ-
ated with involuntary myoclonic movements during 
induction. Myoclonus is not thought to be related to 
cortical seizure activity, but rather to subcortical disin-
hibition. T e movements can be largely prevented or 
attenuated by pretreatment with opioids or benzodiaz-
epines prior to induction.
 Intraocular pressure is rapidly reduced by 30%–
60% a ter induction with etomidate, and lasts about  
5 minutes, but can be maintained using an in usion.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 15. Which o  the  ollowing is the best explanation  or why 
etomidate is a poor choice  or long-term sedation in the 
critical care setting?

 (A) it precipitates in intravenous lines when added 
to acidic drugs

 (B) it is associated with an increase in ICP

 (C) it causes adrenocortical suppression
 (D) recovery is prolonged a ter in usion compared to 

other drugs
 (E) it causes an increase in serum lipids

Etomidate does not precipitate in intravenous lines 
(unlike thiopental, which does in the presence o  solu-
tions with low pH). Etomidate is known to e ectively 
reduce ICP and is used  requently in patients with 
reduced intracranial compliance. Compared to other 
common intravenous sedatives and hypnotic agents, 
etomidate has a very short context-sensitive hal -time 
(Figure 13-2), making it a good choice  or long-term 
in usions that can be turned o  and titrated relatively 
quickly. While propo ol has been shown to elevate 
serum lipid levels a ter long-term in usion, no such 
problem has been reported with etomidate.
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FIG. 13-2. Context-sensitive half-time as a function of infusion 
duration for common intravenous anesthetics. (Reproduced with 
permission from Johnson KB. Clinical Pharmacology for 
Anesthesiology. 1st ed. New York, NY: McGraw Hill; 2015.)

 As discussed above, etomidate does cause reversible 
suppression o  cortisol production, and while it is likely 
o  little clinical signi cance  or elective perioperative 
use, it is no longer commonly used as a long-term seda-
tive agent in the ICU  or  ear o  worsened outcomes.

Ref: Johnson KB. Clinical Pharmacology for Anesthesiology. 
1st ed. New York, NY: McGraw Hill; 2015.

 16. A 20-year-old otherwise healthy male is brought to the 
operating room  or decompressive craniotomy  ollow-
ing a motor vehicle accident. He also has a le t  emur 
 racture, but no intra-abdominal or intrathoracic inju-
ries. Paramedics report a good deal o  blood loss  
 rom the thigh in the  eld. His blood pressure is 
85/50 mm Hg, his heart rate is 110 bpm, and his respi-
ratory rate is 28/min. Glasgow Coma Scale score is 8. 
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Which o  the  ollowing is the most appropriate intra-
venous induction agent  or this patient?

 (A) etomidate
 (B) ketamine
 (C) methohexital
 (D) propo ol
 (E) thiopental

T e primary hemodynamic goal  or this induction is 
to maintain cerebral per usion pressure (CPP).  
CPP =  mean arterial pressure – intracranial pressure. 
Methohexital, thiopental, and propo ol all decrease 
MAP as well as ICP; while CPP could be expected to 

be preserved i  both MAP and ICP decrease propor-
tionally, this may not always be the case, especially in 
a hypovolemic patient such as this one where arterial 
blood pressure is tenuous. Ketamine preserves MAP, 
but it is known to increase ICP, making it a poor 
choice. Etomidate is attractive  or two reasons in this 
case: it reduces ICP by decreasing CMRO2 and CBF, 
and at the same time preserves MAP, leading to a 
preservation or augmentation o  cerebral per usion 
pressure.  

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.
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 CHAPTER 14

Benzodiazepines

 1. Which o  the  ollowing is NO  a pharmacologic prop-
erty o  benzodiazepines? 

 (A) sedation
 (B) muscle relaxation
 (C) amnesia
 (D) analgesia
 (E) anticonvulsant

 2. What is the mechanism o  action o  midazolam at the 
GABAA receptor?

 (A) direct activation o  the GABAA receptor and 
increased chloride conductance 

 (B) direct activation o  the GABAA receptor and 
increased potassium conductance 

 (C) competitive inhibition at the acetylcholine  
binding site

 (D) allosteric modulation o  GABA binding to 
GABAA receptor

 (E) increased transmembrane sodium conductance

 3.  Which o  the  ollowing benzodiazepines is considered 
long-lasting? 

 (A) midazolam
 (B) lorazepam 
 (C) diazepam 
 (D) triazolam
 (E) temazepam

 4. Why is midazolam prepared in a solution with the pH 
adjusted to < 4? 

 (A) this increases the volume o  distribution (Vd)
 (B) this increases pKa

 (C) this increases hepatic clearance
 (D) this increases water solubility 
 (E) this increases lipid solubility

 5. Which o  the  ollowing patient characteristics will  
signi cantly increase the metabolism o  midazolam?

 (A) increased age
 (B) cigarette smoking
 (C) chronic alcohol consumption 
 (D) decreased renal  unction
 (E) use o  cimetidine

 6. Which benzodiazepine is considered to have inactive 
metabolites?

 (A) diazepam
 (B) midazolam
 (C) lorazepam
 (D) alprazolam
 (E) chlordiazepoxide

 7. A ter an induction dose o  midazolam, which o  the 
 ollowing hemodynamic changes is most likely?

 (A) decreased cardiac index
 (B) increased systemic vascular resistance
 (C) increased mean blood pressure
 (D) decreased heart rate
 (E) decreased pulmonary vascular resistance

 8. T e incidence o  ventilatory depression a ter the admin-
istration o  midazolam is associated with all o  the  
 ollowing  actors EXCEP :

 (A) speed o  injection
 (B) geriatric patient
 (C) co-administration o  opioids 
 (D) ASA 4 patient
 (E) obstructive sleep apnea
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 9. In which o  the  ollowing ways do benzodiazepines  
usually a ect sleep? 

 (A) increased length o  REM sleep
 (B) decreased number o  REM cycles
 (C) increased Stage 0 sleep
 (D) increased Stage 3 and 4 sleep 
 (E) increased Stage 2 sleep

 10. A patient is taking chronic benzodiazepines to treat 
symptoms o  anxiety. Perioperatively the benzodiaze-
pine is acutely stopped. Which o  the  ollowing signs is 
associated with benzodiazepine withdrawal syndrome?

 (A) bradycardia
 (B) myoclonic jerks
 (C) increased sensitivity to pain
 (D) increased appetite
 (E) hypertension

 11. Midazolam is a versatile intravenous anesthetic and 
may be used in a variety o  clinical situations. A reason 
 or selecting midazolam may include:

 (A) reduced PONV
 (B) superior analgesia
 (C) relatively shorter period o  amnesia
 (D) reduced seizure threshold
 (E) relatively  aster emergence  rom anesthesia

 12. A patient is taking chronic benzodiazepines to treat 
symptoms o  anxiety. T e patient takes an intentional 
overdose o  the benzodiazepine and a tricyclic antide-
pressant. In this situation  umazenil should be avoided 
due to the risk o :

 (A) tachycardia
 (B) seizures
 (C) hearing loss
 (D) malignant hypertension 
 (E) severe nausea

 13. How does  umazenil act to reverse the e ects o  ben-
zodiazepines? 

 (A) competitive antagonist
 (B) uncompetitive antagonist
 (C) physiologic antagonist
 (D) chemical antagonist
 (E) noncompetitive antagonist
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 1. Which o  the  ollowing is NO  a pharmacologic prop-
erty o  benzodiazepines? 

 (A) sedation
 (B) muscle relaxation
 (C) amnesia
 (D) analgesia
 (E) anticonvulsant

Although there is some experimental evidence regard-
ing benzodiazepines’ ability to modi y pain transmis-
sion in the spinal cord, benzodiazepines are clinically 
not considered to have analgesic properties. Benzodi-
azepines have all o  the  ollowing properties:
•  Sedation
•  Hypnosis
•  Anxiolysis
•  Amnesia
•  Anticonvulsant
•  Muscle relaxant

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 2. What is the mechanism o  action o  midazolam at the 
GABAA receptor?

 (A) direct activation o  the GABAA receptor and 
increased chloride conductance 

 (B) direct activation o  the GABAA receptor and 
increased potassium conductance 

 (C) competitive inhibition at the acetylcholine  
binding site

 (D) allosteric modulation of GABA binding to 
GABAA receptor

 (E) increased transmembrane sodium conductance

Midazolam (and other benzodiazepines) act at the 
benzodiazepine receptor on the GABAA receptor 
complex. T e binding o  midazolam results in 

Answers and Explanations: 
Benzodiazepines

increased binding af nity o  GABA  or the GABAA 
receptor (allosteric modulation). GABAA activation 
causes in ux o  chloride ions and hyperpolarization o  
the cell membrane. Direct activation o  the GABAA 
receptor can occur with barbiturates and etomidate. 
NMDA receptor activation alters sodium and potas-
sium conductance. Barbiturates such as thiopental are 
also thought to act as a competitive inhibitors at CNS 
acetylcholine (and glutamate) receptors.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 3.  Which o  the  ollowing benzodiazepines is considered 
long-lasting? 

 (A) midazolam
 (B) lorazepam 
 (C) diazepam 
 (D) triazolam
 (E) temazepam

Diazepam is considered long-lasting as its elimination 
hal -li e is 20–50 hours. Midazolam and triazolam are 
short-acting (midazolam elimination hal -li e =  1.7– 
2.6 hours). Lorazepam and temazepam are intermediate-
acting (lorazepam elimination hal -li e =  11–22 hours).

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 4. Why is midazolam prepared in a solution with the pH 
adjusted to < 4? 

 (A) this increases the volume o  distribution (Vd)
 (B) this increases pKa

 (C) this increases hepatic clearance
 (D) this increases water solubility 
 (E) this increases lipid solubility

Midazolam is  ormulated in an acidic medium (pH 
3.5) to increase its water solubility. Its imidazole ring 
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structure means that midazolam can be both lipid and 
water soluble depending on the pH o  the solution. At 
pH < 4, the imidazole ring is in a ring-open  orm and 
the midazolam  ormulation is water soluble. At physi-
ologic pH o  7.4, the imidazole ring is in a ring-closed 
 orm and midazolam is lipid soluble.

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Gerecke M. Chemical structure and properties o  midazolam 
compared with other benzodiazepines. Br J Clin Pharmac. 
1983;16:11S–16S.

 5. Which o  the  ollowing patient characteristics will  
signi cantly increase the metabolism o  midazolam?

 (A) increased age
 (B) cigarette smoking
 (C) chronic alcohol consumption 
 (D) decreased renal  unction
 (E) use o  cimetidine

Chronic alcohol consumption increases the metabo-
lism o  midazolam. Cigarette smoking and increased 
age have no signi cant e ect on midazolam metabo-
lism (cigarette smoking increases the clearance o  diaz-
epam, while increased age decreases the clearance o  
diazepam). Decreased renal  unction may lead to the 
accumulation o  midazolam metabolites. Cimetidine 
will inhibit the hydroxylation o  midazolam.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 6. Which benzodiazepine is considered to have inactive 
metabolites?

 (A) diazepam
 (B) midazolam
 (C) lorazepam
 (D) alprazolam
 (E) chlordiazepoxide

Benzodiazepines are metabolized in the liver by cyto-
chrome P450 enzymes. Many benzodiazepines have 
active metabolites and these metabolites can be an 
important determinant o  the drug’s clinical duration 
o  action. Lorazepam does not have active metabolites; 
it is metabolized via glucuronidation to inactive  orms. 
Chlordiazepoxide and diazepam are N-dealkylated to 
 orm products including nordazepam, which is bio-
logically active. Alprazolam and midazolam  orm 

hydroxylated compounds that are active. In certain cir-
cumstances, such as repeated dosing in patients with 
renal  ailure, metabolites o  midazolam may accumu-
late and have a signi cant clinical e ect.

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Barash PG. Clinical Anesthesia. 7th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2013.

 7. A ter an induction dose o  midazolam, which o  the 
 ollowing hemodynamic changes is most likely?

 (A) decreased cardiac index
 (B) increased systemic vascular resistance
 (C) increased mean blood pressure
 (D) decreased heart rate
 (E) decreased pulmonary vascular resistance

T e hemodynamic e ects o  midazolam are modest, 
but a ter an induction dose o  midazolam cardiac index 
may decrease by up to 25%. Other hemodynamic 
changes associated with an induction dose o  mid-
azolam include:
•  variable e  ect on heart rate (slight increase or decrease)
•  decreased systemic vascular resistance
•  decreased mean blood pressure
•  unchanged pulmonary vascular resistance

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 8. T e incidence o  ventilatory depression a ter the admin-
istration o  midazolam is associated with all o  the  
 ollowing  actors EXCEP :

 (A) speed of injection
 (B) geriatric patient
 (C) co-administration o  opioids 
 (D) ASA 4 patient
 (E) obstructive sleep apnea

T e speed o  midazolam injection a ects the onset 
time o  peak respiratory depression rather than the 
overall incidence o  respiratory depression. Other 
 actors associated with ventilatory depression a ter 
administration o  midazolam are:
•  geriatric patients 
•  debilitating disease 
•  use o  other respiratory depressants (opioids) 
•  obstructive sleep apnea
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Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 9. In which o  the  ollowing ways do benzodiazepines  
usually a ect sleep? 

 (A) increased length o  REM sleep
 (B) decreased number o  REM cycles
 (C) increased Stage 0 sleep
 (D) increased Stage 3 and 4 sleep 
 (E) increased Stage 2 sleep

Benzodiazepines increase the amount o  time spent in 
Stage 2 sleep. Benzodiazepines usually decrease the 
amount o  time spent in Stage 0, 1, 3, 4, and REM 
sleep. T ey also decrease sleep latency and usually 
increase the number o  REM cycles. Overall, benzodi-
azepines usually increase total sleep time. When ben-
zodiazepines are discontinued, a “rebound” in the 
amount o  REM sleep may occur.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 10. A patient is taking chronic benzodiazepines to treat 
symptoms o  anxiety. Perioperatively the benzodiaze-
pine is acutely stopped. Which o  the  ollowing signs is 
associated with benzodiazepine withdrawal syndrome?

 (A) bradycardia
 (B) myoclonic jerks
 (C) increased sensitivity to pain
 (D) increased appetite
 (E) hypertension

Benzodiazepine withdrawal symptoms and signs include: 
•  myoclonic jerks
•  muscle cramps
•  sleep disturbance
•  anxiety, agitation
•  seizures
•  delirium
Bradycardia is associated with cocaine withdrawal; 
increased sensitivity to pain and hypertension are  
associated with opioid withdrawal; and increased 
appetite is associated with nicotine withdrawal.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 11. Midazolam is a versatile intravenous anesthetic and 
may be used in a variety o  clinical situations. A reason 
 or selecting midazolam may include:

 (A) reduced PONV
 (B) superior analgesia
 (C) relatively shorter period o  amnesia
 (D) reduced seizure threshold
 (E) relatively  aster emergence  rom anesthesia

Although the exact mechanism o  action is not com-
pletely understood, there is evidence that midazolam 
can reduce the incidence o  PONV. Other e ects o  
midazolam include: 
•  relatively longer period o  amnesia
•  increased seizure threshold
•  relatively slower emergence  rom anesthesia
Midazolam is not considered to have clinically signi -
cant analgesic action.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 12. A patient is taking chronic benzodiazepines to treat 
symptoms o  anxiety. T e patient takes an intentional 
overdose o  the benzodiazepine and a tricyclic antide-
pressant. In this situation  umazenil should be avoided 
due to the risk o :

 (A) tachycardia
 (B) seizures
 (C) hearing loss
 (D) malignant hypertension 
 (E) severe nausea

Flumazenil should be avoided in the setting o  chronic 
benzodiazepine use or in cases o  tricyclic antidepres-
sant overdose, as seizures have been reported. In gen-
eral, other side e ects o   umazenil administration 
include tachycardia, hypertension, hearing changes, 
and nausea.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 13. How does  umazenil act to reverse the e ects o  ben-
zodiazepines? 

 (A) competitive antagonist
 (B) uncompetitive antagonist
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 (C) physiologic antagonist
 (D) chemical antagonist
 (E) noncompetitive antagonist

Flumazenil is a competitive antagonist at the benzodi-
azepine receptor. It can reverse undesirable e ects o  
benzodiazepines, including excessive sedation and 

respiratory depression. Patient monitoring is impor-
tant, particularly i  long-lasting benzodiazepines are 
reversed, as re-sedation can occur i   umazenil is 
cleared be ore the benzodiazepine.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 CHAPTER 15

Ketamine

 1. T e principal mechanism o  action o  ketamine is best 
described as:

 (A) potentiation o  GABA-mediated chloride currents
 (B) stimulation o  µ- and κ -opioid receptors
 (C) stimulation o  α 2-adrenergic receptors
 (D) inhibition o  NMDA receptors
 (E) blockade o  CNS sodium channels

 2. T e typical anesthetic state observed  ollowing an 
induction dose o  ketamine is best characterized by 
which o  the  ollowing?

 (A) catalepsy
 (B) miosis
 (C) hypoventilation
 (D)  laccid paralysis
 (E) ablation o  protective re lexes 

 3. Which o  the  ollowing statements regarding the phar-
macokinetics o  ketamine is true?

 (A) ketamine is poorly lipid soluble
 (B) the duration o  action o  a single induction 

bolus is 2–3 minutes
 (C) ketamine has a relatively low degree o  protein 

binding
 (D) the elimination clearance o  the R- enantiomer 

is larger than the S+  enantiomer
 (E) clearance is independent o  hepatic blood  low

 4. T e time to peak e ect o  a 5 mg/kg dose o  ketamine 
administered via the intramuscular route is expected to be:

 (A) 1 minute
 (B) 3 minutes
 (C) 5 minutes
 (D) 10 minutes
 (E) 20 minutes

 5. T e metabolite resulting  rom N-demethylation o   
ketamine in the liver by microsomal enzymes that still 
carries some degree o  activity is:

 (A) hydroxyketamine
 (B) oxyketamine
 (C) norketamine
 (D) hydroxynorketamine
 (E) oxynorketamine

 6. Which o  the  ollowing cardiovascular responses would 
be expected  ollowing an induction dose o  ketamine?

 (A) a decrease in heart rate
 (B) an increase in the pulmonary capillary wedge 

pressure
 (C) a decrease in cardiac index
 (D) an increase in right atrial pressure
 (E) a decrease in le t ventricular stroke work

 7. A 68-year-old woman with mild pulmonary hyperten-
sion receives intravenous ketamine 2 mg/kg. Which o  
the  ollowing best describes the expected cardiovascular 
response?

 (A) a decrease in myocardial oxygen consumption
 (B) an increase in pulmonary vascular resistance
 (C) a decrease in the heart rate
 (D) a decrease in pulmonary vascular resistance
 (E) a decrease in contractility
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 8. T e cardiovascular stimulatory e ects o  ketamine can 
best be blunted by the pre-administration o :

 (A) vasopressin
 (B) midazolam
 (C) neostigmine
 (D) ondansetron
 (E)  enoldopam

 9. A 20-year-old male patient receives 1.5 mg/kg o  intra-
venous ketamine. Which o  the  ollowing best describes 
the expected respiratory e ect?

 (A) a decrease in respiratory rate only
 (B) a decrease in tidal volume only
 (C) a decrease in respiratory rate with an increase in 

tidal volume
 (D) an increase in respiratory rate with a decrease in 

tidal volume
 (E) no change in respiratory rate or tidal volume

 10. Ketamine would most likely be help ul in the treatment 
o  which o  the  ollowing respiratory conditions?

 (A) status asthmaticus
 (B) laryngospasm
 (C) pulmonary hypertension
 (D) bronchiectasis
 (E) atelectasis

 11. Which o  the  ollowing e ects on the central nervous 
system would be most likely to result  rom an induc-
tion dose o  ketamine?

 (A) a decrease in CMRO2

 (B) an increase in theta wave activity
 (C) a decrease in cerebral blood  low
 (D) an attenuation o  the cerebrovascular response to 

carbon dioxide
 (E) a decrease in intracranial pressure

 12. Which o  the  ollowing  actors increases the risk  or 
emergence reactions related to ketamine anesthesia?

 (A) playing music during anesthesia
 (B) age under 18 years
 (C) low dose o  ketamine
 (D)  emale sex
 (E) pretreatment with benzodiazepines

 13. An 8-year-old child receives 2 mg/kg o  ketamine intra-
venously. T e  actor that most likely places her at risk 
 or laryngospasm is:

 (A) an absence o  protective re lexes
 (B) excessive salivation
 (C) an insu  icient induction dose
 (D) apnea due to an excessive dose
 (E) increased bulbar muscle spasticity

 14. In which o  the  ollowing patients would ketamine be 
most indicated?

 (A) a 21-year-old with an open eye injury
 (B) a 35-year-old with a closed head injury
 (C) a 59-year-old with a gunshot wound to the 

abdomen
 (D) a 60-year-old with a history o  coronary artery 

disease
 (E) a 72-year-old with an abdominal aortic  

aneurysm

 15. During acute pericardial tamponade, which o  the  ol-
lowing best describes the physiologic rationale  or the 
use o  ketamine as an induction agent?

 (A) a reduction in le t ventricular stroke volume
 (B) a decrease in pulmonary vascular resistance
 (C) a reduction in systemic vascular resistance
 (D) an increase in right atrial pressure
 (E) an increase in contractility

 16. At which o   ollowing locations is ketamine postulated 
to exert its antihyperalgesic or antiallodynic e ects?

 (A) the peripheral nervous system
 (B) the dorsal horn o  the spinal cord
 (C) the  rontal cortex
 (D) the medullary reticular  ormation
 (E) the thalamoneocortical projection system
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 1. T e principal mechanism o  action o  ketamine is best 
described as:

 (A) potentiation o  GABA-mediated chloride currents
 (B) stimulation o  µ- and κ -opioid receptors
 (C) stimulation o  α 2-adrenergic receptors
 (D) inhibition of NMDA receptors
 (E) blockade o  CNS sodium channels

While many intravenous anesthetics exert their e ect 
by potentiating the e ect o  GABA, the principal anal-
gesic and anesthetic mechanism o  ketamine is block-
ade o  the NMDA receptor. Ketamine is known to have 
e ects on a wide variety o  receptors, including AMPA, 
adenosine, µ-opioid, and cholinergic receptors, but the 
relative contribution o  these players is substantially less 
signi cant than the NMDA inhibition.
 It is generally accepted that the main role o  ket-
amine (when used in subhypnotic doses) is as an anti-
hyperalgesic, antiallodynic drug, reducing the tempo-
ral summation o  nociceptive a erent input that leads 
to central sensitization and windup.
 Ketamine is quite versatile in terms o  its route o  
administration. It can be given via the intravenous, 
intramuscular, rectal, subcutaneous, transdermal, topi-
cal, oral, intranasal, sublingual, transmucosal, epi-
dural, or intrathecal route. Ketamine has been gargled 
as a local throat analgesic, locally in ltrated, and used 
in intravenous regional anesthesia. T e oral bioavail-
ability o  ketamine is low, and since so many other 
routes are available, this method is not particularly 
common. Intramuscular ketamine 4–5 mg/kg is very 
e ective in the preoperative sedation in patients who 
are uncooperative.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 2. T e typical anesthetic state observed  ollowing an 
induction dose o  ketamine is best characterized by 
which o  the  ollowing?

 (A) catalepsy
 (B) miosis
 (C) hypoventilation
 (D)  laccid paralysis
 (E) ablation o  protective re lexes 

Ketamine produces unconsciousness and analgesia in a 
dose-related manner. T e anesthetic state produced by 
ketamine has been termed “dissociative anesthesia.” 
Rather than normal sleep, patients appear dissociated 
 rom their environment in an apparent cataleptic state. 
Patients may move, vocalize, and exhibit ocular tracking 
movements, but have pro ound analgesia and do not 
react to surgical stimuli or recall any o  the events that 
occurred during the anesthetic. Amnesia, while part o  
the ketamine experience, is not as predictable as it is 
with benzodiazepines. Corneal, cough, and swallow 
re exes may be present, but these should not be assumed 
to be protective. Skeletal muscle tone is also maintained 
and in some cases increased, with seemingly purposeless 
movements o  the arms, legs, trunk, and head.
 Miosis is not a consistent  eature with ketamine 
administration; the tendency o  ketamine to antago-
nize the cholinergic system produces a relative increase 
in sympathetic tone, bronchodilation, and mydriasis. 
Ketamine has no e ect on minute ventilation.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 3. Which o  the  ollowing statements regarding the phar-
macokinetics o  ketamine is true?

 (A) ketamine is poorly lipid soluble
 (B) the duration o  action o  a single induction 

bolus is 2–3 minutes
 (C) ketamine has a relatively low degree of protein 

binding
 (D) the elimination clearance o  the R- enantiomer 

is larger than the S+  enantiomer
 (E) clearance is independent o  hepatic blood  low
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Ketamine is highly lipid soluble and has a pKa o  7.5 
(near physiologic pH), resulting in rapid delivery to 
the brain. It has a large volume o  distribution (approx-
imately 3 L/kg). Bolus doses are rapidly distributed, 
with a distribution hal -li e o  about 15 minutes. 
Clearance o  ketamine is also relatively high 
(12–17 mL/kg/min), which helps explain its  airly 
brisk elimination hal -li e o  2.5 hours.  otal body 
clearance is approximately equal to hepatic blood  ow; 
this means that changes in liver blood  ow a ect clear-
ance o  ketamine. In contrast to nearly every other 
intravenous anesthetic agent, ketamine is poorly pro-
tein bound, at about 12%. In contrast, barbiturates, 
propo ol, and benzodiazepines are all 85–98% protein 
bound, and etomidate is 75% protein bound. Ket-
amine just has to be di erent.
 T e ketamine that is available in the United States 
is a racemic mixture, but in some countries the S+  
enantiomer is available  or clinical use. S+  enantiomer 
has approximately  our times the potency o  the R- 
enantiomer, with  ewer psychomimetic side e ects 
than the racemic drug. It also has a larger clearance 
compared to the R- enantiomer.

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Longnecker DE, Brown DL, Newman MF, Zapol WM. Anes-
thesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 4. T e time to peak e ect o  a 5 mg/kg dose o  ketamine 
administered via the intramuscular route is expected to 
be:

 (A) 1 minute
 (B) 3 minutes
 (C) 5 minutes
 (D) 10 minutes
 (E) 20 minutes

Ketamine can be administered by a variety o  routes. In 
children or adults with mental disabilities who will not 
tolerate a mask or an intravenous catheter placement, 
intramuscular ketamine can  acilitate a (relatively 
speaking) smooth induction. An IM dose o  4–6 mg/kg 
will induce unconsciousness in about 20 minutes. It is 
important to have appropriate monitors, suction, and 
airway equipment at bedside while the patient gradually 
loses consciousness and his/her airway re exes. Once 
the patient is sedated enough, the airway can begin to 
be managed and an IV secured. 

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 5. T e metabolite resulting  rom N-demethylation o  ket-
amine in the liver by microsomal enzymes that still car-
ries some degree o  activity is:

 (A) hydroxyketamine
 (B) oxyketamine
 (C) norketamine
 (D) hydroxynorketamine
 (E) oxynorketamine

Ketamine is metabolized in the liver by N-demethyl-
ation to  orm norketamine. T is is then hydroxylated 
to hydroxynorketamine. Both o  these intermediate 
metabolites are conjugated to glucuronide and excreted 
in the urine. Norketamine apparently has about  
70%–80% o  the activity o  the original drug. Although 
it does not last very long providing the glucuronida-
tion pathway is not impaired, research does suggest 
that it contributes somewhat to a prolongation o  the 
e ect.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 6. Which o  the  ollowing cardiovascular responses would 
be expected  ollowing an induction dose o  ketamine?

 (A) a decrease in heart rate
 (B) an increase in the pulmonary capillary wedge 

pressure
 (C) a decrease in cardiac index
 (D) an increase in right atrial pressure
 (E) a decrease in le t ventricular stroke work

Ketamine is unique among intravenous anesthetics in 
that it stimulates the cardiovascular system rather than 
depresses it. Hemodynamic changes  ollowing an intra-
venous induction dose o  0.5–2 mg/kg are seen in  able 
15-1. Interestingly, using an equianesthetic dose o  the 
S+  enantiomer produces the same e ect as the racemic 
mixture, despite an overall dose reduction o  50%. 
Moreover, the hemodynamic changes appear NO  to 
be dose-related; a dose o  1 mg/kg appears to produce 
the same increase in blood pressure, heart rate, etc. as a 
dose o  2 mg/kg or 0.5 mg/kg. Ketamine appears to act 
centrally by stimulating the sympathetic system, rather 
than by a peripheral mechanism such as inhibition o  
the baroreceptor re ex. 
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 However, a repeated dose o  ketamine o ten pro-
duces a less pronounced or even opposite e ect. T is 
may be because o  its direct myocardial depressant 
action, as evidenced by some in vitro studies. T is phe-
nomenon is not typically seen clinically unless the 
patient is completely depleted o  catecholamines, as 
the sympathetic stimulation overrides any direct nega-
tive inotropic e ect. 
 T ese cardiovascular stimulatory e ects result in 
increased myocardial work, which may not be well tol-
erated in patients with severe coronary atherosclerotic 
disease.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 7. A 68-year-old woman with mild pulmonary hyperten-
sion receives intravenous ketamine 2 mg/kg. Which o  
the  ollowing best describes the expected cardiovascular 
response?

 (A) a decrease in myocardial oxygen consumption
 (B) an increase in pulmonary vascular resistance
 (C) a decrease in the heart rate
 (D) a decrease in pulmonary vascular resistance
 (E) a decrease in contractility

T is patient would be expected to exhibit all o  the usual 
hemodynamic responses to ketamine listed in  able 
15-1. In addition, patients with preexisting pulmonary 
arterial hypertension are thought to exhibit an exagger-
ated increase in pulmonary artery pressure, which, i  
severe enough, may precipitate acute right ventricular 
 ailure. Most textbooks recommend against using ket-
amine in this population  or this reason. However, these 
recommendations have largely been made on the basis o  
older case reports and series. In particular, children may 
 are better than adults. A recent retrospective analysis o  
68 children with pulmonary hypertension undergoing a 

variety o  procedures using ketamine as the anesthetic 
agent showed that the drug could be used sa ely with no 
complications. 

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Williams GD, et al. Perioperative complications in children 
with pulmonary hypertension undergoing general anes-
thesia with ketamine. Paediatric Anaesth. 2010;20:28–37.

 8. T e cardiovascular stimulatory e ects o  ketamine can 
best be blunted by the pre-administration o :

 (A) vasopressin
 (B) midazolam
 (C) neostigmine
 (D) ondansetron
 (E)  enoldopam

Increases in blood pressure, heart rate, and other hemo-
dynamic parameters can be mitigated with the use o  
vasoactive medications such as alpha- and beta-block-
ers, nitrates, and/or clonidine. T ese are o ten dif cult 
to precisely titrate in relation to the cardiovascular 
e ect o  ketamine, especially  or those drugs with a lon-
ger duration o  action. Other anesthetic agents, either 
intravenous or inhaled, tend to blunt the hemodynamic 
e ect o  ketamine as well. Another strategy to avoid the 
increased myocardial workload is to deliver ketamine as 
an in usion instead o  a bolus (i  appropriate).
 Interestingly, benzodiazepines may be the most 
e ective and practical means to balance these cardio-
vascular e ects. Judicious doses o  either midazolam 
and diazepam have the e ect o  blunting the hyperten-
sion and tachycardia associated with ketamine 
induction.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 9. A 20-year-old male patient receives 1.5 mg/kg o  intra-
venous ketamine. Which o  the  ollowing best describes 
the expected respiratory e ect?

 (A) a decrease in respiratory rate only
 (B) a decrease in tidal volume only
 (C) a decrease in respiratory rate with an increase in 

tidal volume
 (D) an increase in respiratory rate with a decrease in 

tidal volume
 (E) no change in respiratory rate or tidal volume

TABLE 15-1. Cardiovascular ef ects o  ketamine.

Hemodynamic variable  Ef ect o  ketamine
Mean blood pressure  Up to 35% increase
Heart rate  Up to 60% increase
Cardiac output  Up to 50% increase
Systemic vascular resistance  Up to 35% increase
Pulmonary artery pressure  Up to 50% increase
Right atrial pressure  Up to 35% increase
Pulmonary artery occlusion (“wedge”) 

pressure
No change

Left ventricular stroke work index  Up to 30% increase
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One o  the reasons  or ketamine’s continued popular-
ity as an anesthetic and sedative agent is the  act that is 
has virtually no e ect on ventilatory drive. T is is true 
in adult patients with normal pulmonary physiology  
as well as in those with COPD. High-induction bolus 
doses (> 2 mg/kg IV) may produce a transient 
(1–3 minutes) decrease in minute ventilation, but in 
general it is a use ul analgesic and sedative agent in 
cases where hypercarbia  rom respiratory depression 
would be dangerous or undesirable. 
 Ketamine’s e ect on the ventilatory drive in chil-
dren is similar to that in adults, and it is used exten-
sively  or procedural sedation in children in the emer-
gency room setting, particularly because o  its 
predictable e ect with a wide sa ety margin  ollowing 
intramuscular injection.

Refs: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 10. Ketamine would most likely be help ul in the treatment 
o  which o  the  ollowing respiratory conditions?

 (A) status asthmaticus
 (B) laryngospasm
 (C) pulmonary hypertension
 (D) bronchiectasis
 (E) atelectasis

Ketamine is a potent bronchial smooth muscle relax-
ant. Isolated smooth muscle preparations demonstrate 
relaxation in the presence o  ketamine, indicating that 
the decrease in bronchial tone is at least partially due to 
a direct e ect rather than solely to an indirect sympa-
thetic e ect. Ketamine is use ul in the induction o  
patients who are actively bronchospastic and those 
who have severe “brittle” reactive airways disease. It is 
occasionally used to treat status asthmaticus unrespon-
sive to conventional therapy due to its bronchodilating 
action.
 One o  the undesired side e ects o  ketamine is sali-
vation. I  le t untreated, this may provoke laryngo-
spasm. Pretreatment with an antisialagogue such as 
glycopyrrolate typically ameliorates this e ect. 

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 11. Which o  the  ollowing e ects on the central nervous 
system would be most likely to result  rom an induc-
tion dose o  ketamine?

 (A) a decrease in CMRO2

 (B) an increase in theta wave activity
 (C) a decrease in cerebral blood  low
 (D) an attenuation o  the cerebrovascular response to 

carbon dioxide
 (E) a decrease in intracranial pressure

Ketamine is a di erent anesthetic agent in several 
respects. While most intravenous anesthetics exert 
their e ect by the inhibition o  GABA channels, ket-
amine blocks the NMDA receptor. T is results in a 
“dissociative” state where patients may move, vocalize, 
and track movement with their eyes, demonstrate cor-
neal and cough re exes, and yet do not respond to pain 
or have explicit recall. 
 Most intravenous agents decrease CMRO2, cerebral 
blood  ow, and intracranial pressure; in contrast, ket-
amine causes increases in all three o  these variables. 
Ketamine is there ore a poor choice  or patients with a 
noncompliant intracranial compartment, such as those 
with space-occupying lesions or recent head trauma. 
However, ketamine has little e ect on the cerebrovas-
cular response to carbon dioxide. T ere ore, the 
increases in cerebral volume and pressure caused by 
ketamine can be mitigated to a certain extent by reduc-
ing PaCO2 through hyperventilation. 
 Ketamine produces EEG changes that are again di -
 erent  rom other intravenous anesthetics. Monitors o  
the depth o  anesthesia that rely on EEG recordings are 
there ore unreliable during ketamine anesthesia. Light 
anesthesia with ketamine produces beta waves, whereas 
deep anesthesia (i.e., that depth associated with 
analgesia) is marked predominantly by theta wave 
activity. Even pro ound ketamine anesthesia does not 
produce an isoelectric EEG.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 12. Which o  the  ollowing  actors increases the risk  or 
emergence reactions related to ketamine anesthesia?

 (A) playing music during anesthesia
 (B) age under 18 years
 (C) low dose o  ketamine
 (D) female sex
 (E) pretreatment with benzodiazepines
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An emergence reaction is an undesirable psychological 
experience occurring during awakening  rom anesthe-
sia. Patients that have emergence reactions report a 
variety o  mani estations including vivid dreaming, 
“out-o -body”  eelings, and hallucinations. Fear, excite-
ment, and con usion are commonly associated with 
the hallucinations. T ese typically occur within the 
 rst hour a ter awakening, and rarely persist longer 
than 2–3 hours. T e cause o  emergence reactions is 
unclear, but may be related to ketamine-induced 
depression o  auditory and visual pathways in the 
brain, resulting in “misinterpretation” o  stimuli. 
When ketamine is used as a sole technique, or is a 
major part o  the anesthetic, the incidence may be as 
high as 30%.
 Several  actors have been shown to increase the 
incidence o  emergence reactions. T ese include 
 emale sex, adult (vs. pediatric) patients, and large 
and/or rapidly administered doses o  ketamine. 
Patients who dream  requently at home may also be 
at higher risk  or vivid dreaming a ter ketamine anes-
thesia. Playing music during anesthesia has been pos-
tulated by some to increase the incidence due to a 
possible pro-hallucinatory e ect, but this has been 
disproven.
 Benzodiazepines (including midazolam, lorazepam, 
and diazepam) are very e ective at reducing the inci-
dence o  emergence reactions  ollowing ketamine. 

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 13. An 8-year-old child receives 2 mg/kg o  ketamine intra-
venously. T e  actor that most likely places her at risk 
 or laryngospasm is:

 (A) an absence o  protective re lexes
 (B) excessive salivation
 (C) an insu  icient induction dose
 (D) apnea due to an excessive dose
 (E) increased bulbar muscle spasticity

One o  the attractive properties o  ketamine is the rela-
tive preservation o  the protective re exes, such as the 
swallow, cough, sneeze, and gag re exes. In addition, 
ketamine used in routine doses does not typically 
depress the ventilatory drive. However, ketamine is 
known to promote salivation, especially in children, 
and these excessive secretions can lead to outright 
upper airway obstruction in addition to laryngospasm. 
T is may be particularly true  or the child who is 

recovering  rom an upper respiratory tract in ection. 
T is is not just a pediatric problem; many adults who 
are receiving even modest doses o  ketamine  or pain as 
part o  their multimodal analgesic plan are “juicy” dur-
ing anesthesia or sedation, which can lead to coughing, 
laryngospasm, or other airway issues. For this reason, 
many anesthesiologists co-administer an antisiala-
gogue such as atropine or glycopyrrolate when using 
ketamine.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 14. In which o  the  ollowing patients would ketamine be 
most indicated?

 (A) a 21-year-old with an open eye injury
 (B) a 35-year-old with a closed head injury
 (C) a 59-year-old with a gunshot wound to the 

abdomen
 (D) a 60-year-old with a history o  coronary artery 

disease
 (E) a 72-year-old with an abdominal aortic 

aneurysm

Ketamine is usually not a  rst-line induction agent  or 
routine, elective cases. However, the classical teaching 
has been that there are several speci c circumstances in 
which a ketamine induction may be desirable. T e 
severely hypovolemic, hypotensive patient (e.g., one 
who is exsanguinating) is one example, since the 
sympathomimetic e ect o  ketamine will help main-
tain blood pressure and cardiac output pending resus-
citation. T e other classic example is the patient with 
severe acute bronchospasm (see question 10), since the 
adrenergic release will aid in bronchodilation.
 On the other hand, there are reasons to consider 
avoiding ketamine. Since the drug is known to increase 
intraocular pressure, patients with open eye injuries or 
acute angle glaucoma are generally poor candidates  or 
ketamine. Similarly, patients with reduced intracranial 
compliance may not tolerate the increase in intracra-
nial pressure, and ketamine should be used with cau-
tion, i  at all, in these patients. Patients who will not 
tolerate a sudden increase in blood pressure or le t ven-
tricular work (e.g., those with aortic aneurysmal dis-
ease or coronary atherosclerotic disease) may be better 
served by induction with another agent. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.
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 15. During acute pericardial tamponade, which o  the  ol-
lowing best describes the physiologic rationale  or the 
use o  ketamine as an induction agent?

 (A) a reduction in le t ventricular stroke volume
 (B) a decrease in pulmonary vascular resistance
 (C) a reduction in systemic vascular resistance
 (D) an increase in right atrial pressure
 (E) an increase in contractility

During acute pericardial tamponade, the key problem 
is restriction o  cardiac chamber size during diastole 
due to the expansion o  the pericardial sac. T is is 
especially true o  the more compliant, thin-walled 
right heart. T is restriction limits the right-sided 
stroke volume, which e ectively lowers overall cardiac 
output. T e goals o  anesthetic management during 
tamponade are to maintain the preload as much as 
possible, and to promote the ejection o  whatever 
stroke volume is in the ventricles. T is gives rise to the 
phrase “ ast,  ull, and  orward”—a rapid heart rate 
and  ull preload will give the cardiac output a  ghting 
chance until the pressure can be relieved. Bradycardia 
and a low CVP are not well tolerated in these 
circumstances. 
 Since ketamine accelerates heart rate and main-
tains or increases right atrial pressure (see  able 15-1), 
this makes it an ideal agent  or providing analgesia 
and/or anesthesia during emergent decompression o  
the pericardium either via a pericardial window or 
with a needle. A  urther advantage is that ketamine 
typically preserves spontaneous respiration, which 
may obviate the need  or positive pressure ventilation 
and its associated deleterious e ect on right ventricu-
lar preload. 
 Bear in mind that with in vitro animal heart mod-
els, ketamine does not have the same stimulatory e ect 
as in the intact patient. T is has led some to question 
its ef cacy in the setting o  a patient whose 
catecholamine stores are depleted due to stress, shock, 
or sepsis, since ketamine relies on the indirect release o  
these adrenergic compounds. On the other hand, ket-
amine is still the least cardiodepressant o  all the induc-
tion agents in these heart models. T e point to take 
home here is that ketamine alone is not a replacement 
 or appropriate resuscitation with  uids and judicious 

use o  vasoactive medications in the critically ill 
patient.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 16. At which o   ollowing locations is ketamine postulated 
to exert its antihyperalgesic or antiallodynic e ects?

 (A) the peripheral nervous system
 (B) the dorsal horn of the spinal cord
 (C) the  rontal cortex
 (D) the medullary reticular  ormation
 (E) the thalamoneocortical projection system

Ketamine is a potent analgesic agent, and has enjoyed 
a renaissance  or its proven e ect o  reducing both 
postoperative pain scores and the amount o  postop-
erative opioids that patients consume, while extending 
the time until  rst request o  analgesia. It turns out 
that not a lot o  ketamine is required to exert a bene -
cial e ect: many authors recommend a bolus dose o  
0.25–0.5 mg/kg at the beginning o  the procedure. 
Some protocols call  or an in usion o  ketamine 
throughout the case, especially in patients with preex-
isting chronic pain or during certain procedures (e.g., 
spine surgery).
 Persistent a erent nociceptive input to the spinal 
cord results in activation and upregulation o  NMDA 
receptors in the dorsal horn. T is promotes the 
enhanced and ampli ed transmission o  pain signals to 
the brain, an e ect known as central sensitization or 
“windup.” As an NMDA receptor blocker, ketamine 
stops the excessive barrage o  nociceptive input and 
helps prevent windup  rom occurring. T ere is a posi-
tive  eedback loop that exists in the dorsal horn in the 
setting o  neuropathic pain states whereby more a erent 
input leads to more recruitment o  wide dynamic range 
neurons, which ampli es the pain signal, resulting in 
even more recruitment. T e attenuation o  this cycle 
and the consequent reduction in the development o  
hyperalgesia helps explain why the analgesic e ect  
o  ketamine  ar outlasts its pharmacologic duration o  
action in the body.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.
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 CHAPTER 16

Local Anesthetics

 1. For which one o  the  ollowing sodium channel con-
 ormational states do local anesthetics have the MOS  
a nity? 

 (A) rest
 (B) closed intermediate
 (C) open
 (D) inactivated

 2. Which o  the  ollowing local anesthetic  actors has the 
MOS  e ect on speed o  onset o  neural blockade?

 (A) pKa
 (B) baricity
 (C) protein binding
 (D) presence o  an ester-linkage
 (E) volume o  distribution

 3. Which o  the  ollowing represents the correct order o  
blockade o  nerve  bers in response to a peripheral 
nerve block?

 (A) A� →  Aβ  →  Aδ →  Aγ →  B →  C
 (B) C →  Aβ  →  A� →  Aγ →  Aδ →  B 
 (C) C →  Aβ  →  Aδ →  Aγ →  B →  A�
 (D) B →  Aδ →  Aγ →  Aβ  →  A� →  C
 (E) B →  C →  A� →  Aβ  →  Aδ →  Aγ  

 4. For a given dose o  local anesthetic, which o  the  ol-
lowing routes o  administration would result in the 
highest plasma level o  the drug?

 (A) intercostal
 (B) epidural
 (C) brachial plexus
 (D) subcutaneous
 (E) sciatic

 5. Which o  the  ollowing best describes the route o  
elimination  or spinal lidocaine?

 (A) excreted unchanged in the urine
 (B) spontaneous breakdown o  the drug in the CSF
 (C) biotrans ormation by spinal cord glial cells
 (D) metabolism by plasma cholinesterase
 (E) hepatic oxidative metabolism

 6. Which o  the  ollowing is the principal blood protein 
that binds local anesthetics?

 (A) albumin
 (B) lipoprotein
 (C) gamma globulin
 (D) α 1-acid glycoprotein
 (E) C-reactive protein

 7. Which o  the  ollowing accounts  or the relatively rapid 
plasma clearance o  chloroprocaine?

 (A)  he presence o  an amide group
 (B)  he presence o  a butyl group
 (C)  he presence o  a carbonyl group
 (D)  he presence o  an ester group
 (E)  he presence o  a hydroxyl group

 8. Which o  the  ollowing drugs is synthesized speci cally 
as a single enantiomer?

 (A) benzocaine
 (B) lidocaine
 (C) procaine
 (D) ropivacaine
 (E) tetracaine
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 9. For which o  the  ollowing local anesthetics will the 
addition o  epinephrine add the LEAS  bene t in 
terms o  prolonging the duration o  action?

 (A) lidocaine
 (B) mepivacaine
 (C) ropivacaine
 (D) bupivacaine
 (E) chloroprocaine

 10. Which o  the  ollowing additives to the local anesthetic 
solution is not associated with prolongation o  the sen-
sory block?

 (A) epinephrine
 (B) corticosteroids
 (C) clonidine
 (D) phenylephrine
 (E) bicarbonate

 11. Which o  the  ollowing  actors is NO  associated with 
increased risk  or seizures  ollowing injection o  local 
anesthetic into the axillary brachial plexus?

 (A) Increased potency o  the local anesthetic
 (B) Increased rate o  injection
 (C) Elevated PaCO2

 (D)  he use o  an ester-linked local anesthetic  
(compared with amide-linked)

 (E) Decreased arterial pH

 12. Which o  the  ollowing presenting signs/symptoms is 
most common during central nervous system toxicity 
 rom local anesthetics?

 (A) dizziness
 (B) agitation
 (C) perioral numbness
 (D) tinnitus
 (E) seizures

 13. Which o  the  ollowing is a characteristic clinical  nd-
ing with transient neurologic symptoms ( NS)  ollow-
ing spinal anesthesia?

 (A) paresthesias
 (B) motor weakness
 (C) posterior thigh pain
 (D) numbness
 (E) prompt onset upon resolution o  the spinal block

 14. Which o  the  ollowing  actors is MOS  associated 
with an increased risk o  developing transient neuro-
logic symptoms  ollowing a spinal anesthetic?

 (A) BMI < 20 kg/m2

 (B) high concentration o  local anesthetic
 (C) use o  hyperbaric solutions
 (D) surgery in the lithotomy position
 (E) use o  chloroprocaine 

 15. Cauda equina syndrome  ollowing neuraxial anesthesia 
is associated with which o  the  ollowing risk  actors?

 (A) small-gauge spinal catheters
 (B) lidocaine spinal anesthesia
 (C) lithotomy position
 (D) pencil-point needles
 (E) obesity

 16. What is the approximate ratio o  the dose o  lidocaine 
required to cause irreversible cardiac collapse compared 
to seizures?

 (A) 1:1
 (B) 2:1
 (C) 3:1
 (D) 5:1
 (E) 7:1

 17. Systemic hypotension a ter an inadvertent large dose o  
bupivacaine is MOS  likely to result  rom which o  the 
 ollowing mechanisms?

 (A) myocardial depression
 (B) cardiac conduction system blockade
 (C) autonomic nervous system blockade
 (D) arterial vasodilation
 (E) venodilation and preload reduction
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 18. Which one o  the  ollowing local anesthetics is MOS  
likely to cause a true allergic reaction?

 (A) bupivacaine
 (B) chloroprocaine
 (C) lidocaine
 (D) mepivacaine
 (E) ropivacaine

 19. You are selecting a solution to use  or a  emoral block 
in a patient undergoing an ACL repair. Which o  the 
 ollowing is NO  an appropriate additive  or use in 
local anesthetic solutions?

 (A) sodium bisul ite
 (B) methylparaben
 (C) glucose
 (D) phenol
 (E) phenylephrine

 20. Which o  the  ollowing local anesthetic drugs is NO  
associated with methemoglobinemia?

 (A) benzocaine
 (B) bupivacaine
 (C) lidocaine
 (D) prilocaine
 (E) tetracaine

 21.  reatment o  symptomatic methemoglobinemia is best 
achieved with which one o  the  ollowing?

 (A) indocyanine green
 (B) indigo carmine
 (C) vitamin C
 (D) methylene blue
 (E) 100% oxygen

 22. You have just completed a brachial plexus block in the 
preoperative area  or a patient undergoing  xation o  a 
wrist  racture. Suddenly, the monitor begins to alarm, 
and you note that there are multiple short runs o  ven-
tricular tachycardia, and what appears to be QRS wid-
ening. T e blood pressure is 82/46 mm Hg. T e patient 
reports  eeling dizzy and unwell. Which o  the  ollow-
ing is the BES  initial treatment option?

 (A) Amiodarone 150 mg IV slow push
 (B) Lidocaine 1 mg/kg IV
 (C) Lipid emulsion 20% 1.5 mL/kg bolus
 (D) Immediate synchronized DC cardioversion
 (E) Vasopressin 40 units IV
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Answers and Explanations: 
Local Anesthetics

 1. For which one o  the  ollowing sodium channel con-
 ormational states do local anesthetics have the MOS  
a nity? 

 (A) rest
 (B) closed intermediate
 (C) open
 (D) inactivated

According to the modulated receptor hypothesis, 
sodium channels respond to membrane depolariza-
tion by undergoing a series o  con ormational changes 
in their physical state (Figure 16-1). Each receptor is 
composed o  an α -subunit and two β -subunits. T e 
cycle begins at rest, with none o  the  our domains on 
the alpha-subunit activated. Once each o  these 
change shape in sequence (closed intermediate stage), 
the sodium channel is activated (open stage), allowing 
sodium ions to enter the cell. Several milliseconds 
later, the channel becomes inactivated by yet another 
con ormational change (inactivated stage), a ter which 
no  urther sodium ions can pass through.
 Local anesthetics bind to amino acid residue 
within the sodium channel receptors in the open 
state with high a nity. In contrast, the a nity  or 
the sodium channel in the inactivated state is rela-
tively low; there is weak binding at the closed state. 
Many studies have shown that the rate o  blockade o  
nerve impulse propagation is dependent on the rate 
o  depolarization. In other words, the more rapidly 
the nerve is  ring, the more  requently the sodium 
channels will exist in an open state momentarily, and 
the  aster the onset o  the block. T is has been termed 
“use-dependent blockade.”

Ref: Hadzic A. NYSORA Textbook of Regional Anesthesia and 
Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

 2. Which o  the  ollowing local anesthetic  actors has the 
MOS  e ect on speed o  onset o  neural blockade?

 (A) pKa
 (B) baricity
 (C) protein binding
 (D) presence o  an ester-linkage
 (E) volume o  distribution

Local anesthetics are weak bases. As such, the higher 
the pKa, the greater the proportion o  the drug that 
exists in its  ree base (unionized) state compared to the 
charged cationic (ionized) state. Uncharged local anes-
thetic salts di use more easily across lipid bilayers, 
increasing the mass o  the drug inside the axon. 
 Most local anesthetics have a pKa between 7 and 9 
( able 16-1). T e closer the pKa to physiologic pH, 
the more drug will exist in an uncharged state, and (in 
general) the  aster the onset.

TABLE 16-1. Commonly used local anesthetics and 
their physicochemical properties.

Local anesthetic  pKa  Lipid solubility  Protein binding

Mepivacaine  7.7  0.8  75%
Lidocaine  7.8  2.9  70%
Ropivacaine  8.1  2.8  94%
Bupivacaine  8.1  28  96%
Tetracaine  8.4  12  76%
Chloroprocaine  9.1  2.3  N/A

 Lipid solubility also plays a role in the speed o  
onset, as highly lipophilic local anesthetics cross the 
membrane more easily than hydrophilic ones do, and 
are there ore more potent (i.e., less drug is required to 
cause blockade). In addition, mass o  the drug (i.e., the 
number o  molecules) is important; this is why, despite 
a higher pKa, 20 mL o  3% chloroprocaine has a simi-
lar onset (or even a slight speed advantage) when 
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FIG. 16-1. Structure and function of voltage-gated Na+  channels. A. A 2-dimensional representation of the α  (center), β 1 (left), and β 2 (right) subunits 
of the voltage-gated Na+  channel from mammalian brain. The polypeptide chains are represented by continuous lines with length approximately 
proportional to the actual length of each segment of the channel protein. Cylinders represent regions of transmembrane α  helices. Ψ  indicates sites of 
demonstrated N-linked glycosylation. Note the repeated structure of the 4 homologous domains (I through IV) of the α -subunit. Voltage sensing: The 
S4 transmembrane segments in each homologous domain of the α -subunit serve as voltage sensors. (+ ) Represents the positively charged amino acid 
residues at every third position within these segments. An electrical field (negative inside) exerts a force on these charged amino acid residues, pulling 
them toward the intracellular side of the membrane. Pore: The S5 and S6 transmembrane segments and the short membrane-associated loops 
between them (segments SS1 and SS2) form the walls of the pore in the center of an approximately symmetrical square array of the 4 homologous 
domains (see B). The amino acid residues indicated by circles in segment SS2 are critical for determining the conductance and ion selectivity of the Na+  
channel and its ability to bind the extracellular pore blocking toxins tetrodotoxin and saxitoxin. Inactivation: The short intracellular loop connecting 
homologous domains III and IV serves as the inactivation gate of the Na+  channel. It is thought to fold into the intracellular mouth of the pore and 
occlude it within a few milliseconds after the channel opens. Three hydrophobic residues (isoleucine–phenylalanine–methionine [IFM]) at the position 
marked H appear to serve as an inactivation particle, entering the intracellular mouth of the pore and binding to an inactivation gate receptor there. 
Modulation: The gating of the Na+  channel can be modulated by protein phosphorylation. Phosphorylation of the inactivation gate between 
homologous domains III and IV by protein kinase C slows inactivation. Phosphorylation of sites in the intracellular loop between homologous domains 
I and II by either protein kinase C P  or cyclic adenosine monophosphate (AMP)–dependent protein kinase P  reduces Na+  channel activation. B. The 
4 homologous domains of the Na+  channel α -subunit are illustrated as a square array as viewed looking down on the membrane. The sequence of 
conformational changes that the Na+  channel undergoes during activation and inactivation is diagrammed. Upon depolarization, each of the 4 
homologous domains undergoes a conformational change in sequence to an activated state. After all 4 domains have activated, the Na+  channel can 
open. Within a few milliseconds after opening, the inactivation gate between domains III and IV closes over the intracellular mouth of the channel and 
occludes it, preventing further ion conductance. (Reproduced with permission from Catterall W, Mackie K. Local anesthetics. In: Hardman JG, Limbird 
LE, Gilman AF, eds. Goodman and Gilman’s The Pharmacological Basis of Therapeutics 10th edition. New York: McGraw-Hill, 2001:370.)
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injected in the epidural space compared to 20 mL o  
2% lidocaine. T is dose o  chloroprocaine simply con-
tains more moles o  the drug: 2.2 mM compared to 
1.7  or lidocaine. Finally, protein binding does not 
a ect onset o  the block. A common misconception is 
that protein binding inf uences the duration o  the 
block. T is is incorrect, although there is an associa-
tion: lipid-soluble drugs are more highly protein 
bound by nature. It is the lipid solubility that prevents 
lipophilic drugs  rom di using away  rom lipid rich 
environments such as the lipid bilayer o  a nerve.

Ref: Hadzic A. NYSORA Textbook of Regional Anesthesia and 
Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

 3. Which o  the  ollowing represents the correct order o  
blockade o  nerve  bers in response to a peripheral 
nerve block?

 (A) A� →  Aβ  →  Aδ →  Aγ  →  B →  C
 (B) C →  Aβ  →  A� →  Aγ  →  Aδ →  B 
 (C) C →  Aβ  →  Aδ →  Aγ  →  B →  A�
 (D) B →  Aδ →  Aγ  →  Aβ  →  A�  →  C
 (E) B →  C →  A� →  Aβ  →  Aδ →  Aγ  

Nerve  bers are classi ed into three major categories: 
myelinated somatic  bers (A- bers), myelinated pre-
ganglionic autonomic  bers (B- bers), and nonmy-
elinated  bers (C- bers). In general, B- and C- bers 
are relatively small (< 1–2 µm in diameter), whereas 

A- bers vary between 4 and 20 µm. A- bers are  ur-
ther subdivided based on diameter and conduction 
velocity. Each type o   ber plays a speci c role in prop-
agating impulses. A� are motor a erents, Aβ  transmit 
sensation o  touch and pressure, Aδ are responsible  or 
conducting  ast pain impulses as well as temperature 
and touch, and Aγ  are muscle spindle e erents. 
C- bers subserve pain and temperature and have a 
much slower conduction velocity (and are there ore 
responsible  or so-called “slow pain” transmission).
  wo general rules apply regarding susceptibility o  
nerve  bers to local anesthetics (Figure 16-2). First, 
smaller nerves are more easily blocked than larger nerves 
because a shorter length o  the axon is required to be 
blocked to halt the conduction completely. Second, 
myelinated  bers are more easily blocked than nonmy-
elinated  bers. T is is because in the presence o  the 
 atty, insulating myelin sheath, local anesthetic tends to 
be concentrated near the axonal membrane at the nodes, 
rather than being spread thinly along the length o  the 
 ber. T is explains why C- bers, which are quite small, 
are more resistant to local anesthetic blockade than 
larger, but myelinated,  bers. T is can be observed clini-
cally when a patient reports no sharp pain in response to 
a pinprick (A-delta  bers), yet groans in pain when the 
surgeon manipulates the broken wrist during skin prep 
due to delayed blockade o  slow-pain C- bers. 

Ref: Hadzic A. NYSORA Textbook of Regional Anesthesia and 
Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.
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FIG. 16-2. Differential rate of nerve blockade. (Reproduced with permission from Hadzic A. Hadzic’s Peripheral 
Nerve Blocks and Anatomy for Ultrasound Guided Regional Anesthesia. 2nd ed. New York, NY: McGraw Hill; 2012.)
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 4. For a given dose o  local anesthetic, which o  the  ol-
lowing routes o  administration would result in the 
highest plasma level o  the drug?

 (A) intercostal
 (B) epidural
 (C) brachial plexus
 (D) subcutaneous
 (E) sciatic

T e plasma concentration o  local anesthetic  ollowing 
injection depends on several  actors, including tissue 
vascularity, the presence o   at that can bind local anes-
thetic, and the use o  vasoconstrictors. Several studies 
have con rmed that, independent o  the local anes-
thetic used, intercostal deposition results in the largest 
Cmax,  ollowed, in order, by caudal, epidural, brachial 
plexus, and sciatic and  emoral block. T is is likely the 
result o  the presence o  rich intercostal vascularity as 
well as a large sur ace area over which the local anes-
thetic spreads. T ese  actors combined lead to a rapid 
rise in plasma concentrations.

Ref: Hadzic A. NYSORA Textbook of Regional Anesthesia and 
Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

 5. Which o  the  ollowing best describes the route o  
elimination  or spinal lidocaine?

 (A) excreted unchanged in the urine
 (B) spontaneous breakdown o  the drug in the CSF
 (C) biotrans ormation by spinal cord glial cells
 (D) metabolism by plasma cholinesterase
 (E) hepatic oxidative metabolism

As a member o  the amide group, lidocaine is primarily 
metabolized by the liver. T e metabolic pathways and 
intermediates  or each amide vary. Lidocaine is dealkyl-
ated in the liver to monoethylglycine-xylide (MEGX), 
which is an active metabolite that is equipotent  or sei-
zures. MEGX is then  urther dealkylated to the inactive 
metabolite glycine-xylide (GX). 
 Renal excretion o  unchanged local anesthetics is a 
very minor contributor to clearance, representing less 
than 5% o  the total dose. T ere is no role  or biotrans-
 ormation o  amide local anesthetics in the CSF, spinal 
cord, or plasma. As such, spinally administered amide 
local anesthetics must  rst be absorbed systemically 
and extracted by the liver prior to metabolism.

Ref: Hadzic A. NYSORA Textbook of Regional Anesthesia and 
Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

 6. Which o  the  ollowing is the principal blood protein 
that binds local anesthetics?

 (A) albumin
 (B) lipoprotein
 (C) gamma globulin
 (D) α 1-acid glycoprotein
 (E) C-reactive protein

As weak bases, local anesthetics are highly protein 
bound to α 1-acid glycoprotein (AAG). T is plasma 
protein is an acute phase reactant, and is upregulated 
during periods o  stress and inf ammation, as well as 
during uremia. Conversely, levels o  AAG decrease in 
pregnancy, newborns, and in those with liver disease, 
resulting in the potential  or an increased  ree  raction 
o  local anesthetic. T is is likely to be o  little clinical 
signi cance  or the single-injection peripheral nerve 
block; however, continuous epidural or perineural 
techniques may place these patients at risk  or systemic 
toxicity due to accumulation o  drug and decreased 
hepatic metabolism. 

Ref: Hadzic A. NYSORA Textbook of Regional Anesthesia and 
Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

 7. Which o  the  ollowing accounts  or the relatively rapid 
plasma clearance o  chloroprocaine?

 (A)  he presence o  an amide group
 (B)  he presence o  a butyl group
 (C)  he presence o  a carbonyl group
 (D) The presence of an ester group
 (E)  he presence o  a hydroxyl group

All local anesthetics contain hydrophilic and hydro-
phobic domains separated by an intermediate chain o  
either the ester type or the amide type. T is linkage 
gives name to the two principal types o  local anesthet-
ics, the esters and the amides. Procaine is considered 
the original synthetic ester-linked local anesthetic, 
while lidocaine is the prototypical amide (Figure 16-3). 
T e ester linkage is rapidly hydrolyzed by plasma cho-
linesterase (also known as pseudocholinesterase or 
butyrylcholinesterase) and liver esterases. T is accounts 
 or its rapid clearance almost immediately a ter the 
drug is absorbed into the bloodstream. For example, 
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the in vitro hal -li e o  procaine is approximately  
40 seconds in healthy individuals. Chloroprocaine is 
metabolized even  aster (in vitro hal -li e o  approxi-
mately 20 seconds). T e clearance o  ester-linked local 
anesthetics is prolonged in those with severe hepatic 
disease, homozygotes  or atypical plasma cholinester-
ase, and neonates (plasma cholinesterase activity is 
~50% in the neonate and does not reach adult values 
until approximately 1 year o  age).

Ref: Hadzic A. NYSORA Textbook of Regional Anesthesia and 
Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

 8. Which o  the  ollowing drugs is synthesized speci cally 
as a single enantiomer?

 (A) benzocaine
 (B) lidocaine
 (C) procaine
 (D) ropivacaine
 (E) tetracaine

T e pipecoloxylidides are a group o  local anesthetics 
that include mepivacaine, bupivacaine, and ropivacaine. 
All o  these are chiral drugs because they contain an 
asymmetric carbon atom and have a le t-handed and 
right-handed con guration. Both mepivacaine and 
bupivacaine are prepared as racemic mixtures contain-
ing equal proportions o  both S- and R- orms, whereas 
ropivacaine is manu actured as a pure S-enantiomer 
(Figure 16-4). Receptors (such as those  ound on the 
sodium channel) are stereospeci c, meaning that hal  o  
the racemic dose administered is not contributing to the 

clinical e ect. In  act, these “other” enantiomers may 
have negative or toxic e ects on other membrane chan-
nel receptors. As such, the advantage o  a pure stereoiso-
meric preparation o  ropivacaine is a higher threshold 
 or cardiotoxicity and central nervous system toxicity 
than the racemic mixture. Similarly, the intravascular 
dose o  levo-bupivacaine required to cause lethality in 
animals is higher than racemic bupivacaine. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 9. For which o  the  ollowing local anesthetics will the 
addition o  epinephrine add the LEAS  bene t in 
terms o  prolonging the duration o  action?

 (A) lidocaine
 (B) mepivacaine
 (C) ropivacaine
 (D) bupivacaine
 (E) chloroprocaine

T e duration o  neural block depends on the physical 
characteristics o  the local anesthetic and the presence 
or absence o  vasoconstrictors. T e most important 
physical characteristic is lipid solubility; the more 
lipophilic the agent, the longer it will remain in a lipid-
rich environment such as the neurolemma, and the less 
rapidly it will be uptaken by the vasculature. In general, 
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FIG. 16-3. Structure of lidocaine and procaine. (Reproduced with 
permission from Longnecker DE, Brown DL, Newman MF, Zapol 
WM. Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.)
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FIG. 16-4. Clinical forms of ropivacaine. The only difference 
between the S- and R-isomers is their spatial orientation. 
(Reproduced with permission from Longnecker DE, Brown DL, 
Newman MF, Zapol WM. Anesthesiology. 2nd ed. New York, NY: 
McGraw Hill; 2012.)
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local anesthetics can be divided into three categories: 
short-acting (e.g., 2-chloroprocaine, 45–90 minutes), 
intermediate duration (e.g., lidocaine, mepivacaine, 
90–180 minutes), and long-acting (e.g., bupivacaine, 
levobupivacaine, ropivacaine, 4–18 hours).
 Vasoconstrictors are thought to decrease local blood 
f ow to the block area and reduce the uptake and redis-
tribution o  the local anesthetic, thereby prolonging 
the block duration. T e degree o  block prolongation 
with the addition o  a vasoconstrictor appears to be 
related to the intrinsic vasodilatory properties o  the 
local anesthetic; the more intrinsic vasodilatory action 
the local anesthetic has, the more prolongation is 
achieved with addition o  a vasoconstrictor. For 
example, lidocaine is a potent vasodilator, and the 
addition o  an adrenergic agonist such as epinephrine 
has a signi cant e ect on the block prolongation. 
Chloroprocaine and mepivacaine behave in a manner 
similar to lidocaine. Bupivacaine is a mild vasodilator, 
and epinephrine will add some bene t, although not as 
much as the short/intermediate-acting drugs. In con-
trast, ropivacaine and levo-bupivacaine are themselves 
mild vasoconstrictors, and adding epinephrine will not 
extend the block duration by the same proportion. 
Remember that cocaine is the only local anesthetic 
that has substantial vasoconstrictive properties inde-
pendent o  the dose.
Ref: Hadzic A. NYSORA Textbook of Regional Anesthesia and 

Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

 10. Which o  the  ollowing additives to the local anesthetic 
solution is not associated with prolongation o  the sen-
sory block?

 (A) epinephrine
 (B) corticosteroids
 (C) clonidine
 (D) phenylephrine
 (E) bicarbonate

Epinephrine and phenylephrine are both α -adrenergic 
agonists, and promote vasoconstriction at the site o  
deposition, reducing uptake and prolonging the dura-
tion o  the block. Clonidine is an α 2-agonist and 
there ore is not a vasoconstrictor. However, it is known 
that α -adrenergic receptors are present in the dorsal 
horn o  the spinal cord, and these are thought to be 
responsible  or the prolongation o  sensory blockade 
seen when clonidine is added to the local anesthetic  or 
spinal anesthesia.

 Corticosteroids have been shown in multiple models 
to prolong sensory blockade  or peripheral nerve  
block; the exact mechanism is unclear, but may relate to 
the suppression o  inf ammation, blockade o  C- ber 
transmission, and the suppression o  ectopic neural 
discharges.
 Bicarbonate is used to raise the pH o  epinephrine-
containing solutions o  local anesthetics in order to 
increase the proportion o  drug that exists in the 
unionized  orm. T is has been proposed to increase 
the speed o  block onset, but it does not prolong  
the duration o  the blockade. 

Ref: Hadzic A. NYSORA Textbook of Regional Anesthesia and 
Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

 11. Which o  the  ollowing  actors is NO  associated with 
increased risk  or seizures  ollowing injection o  local 
anesthetic into the axillary brachial plexus?

 (A) Increased potency o  the local anesthetic
 (B) Increased rate o  injection
 (C) Elevated PaCO2

 (D) The use of an ester-linked local anesthetic 
(compared with amide-linked)

 (E) Decreased arterial pH

Ester-linked local anesthetics are inherently sa er than 
amides are with respect to systemic toxicity because 
they are metabolized by plasma cholinesterase and 
have a very short plasma hal -li e compared to the 
amide group. For example, the plasma hal -li e o  chlo-
roprocaine is several minutes, compared to 3.5 hours 
 or bupivacaine.
 T e toxic potency o  local anesthetics directly mir-
rors their anesthetic potency. T ere ore, bupivacaine is 
roughly 4 times as potent as lidocaine (think about 
using 0.5% bupivacaine and 2% lidocaine to achieve 
surgical anesthesia; since you can use 4 times less bupi-
vacaine to achieve the same motor and sensory block, 
it is 4 times more potent). Rate o  injection has been 
shown to lower the toxic threshold, highlighting the 
thought that the rate o  rise in the concentration curve 
o  plasma local anesthetics is a more important  actor 
than overall dose is.
 Both hypercarbia and acidosis (either respiratory or 
metabolic) are risk  actors  or CNS toxicity. Hypercar-
bia is particularly dangerous because it increases cere-
bral blood f ow and uptake o  local anesthetic by the 
brain. A vicious cycle can occur during CNS toxicity, 
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starting with the onset o  a seizure and the production 
o  excess CO2 due to neuronal and muscular excitatory 
activity. T is vasodilates the cerebral arterial tree, lead-
ing to increased delivery o  drug to the brain, which 
prolongs the seizure. Clearly a priority during CNS 
toxicity is to maintain adequate oxygenation and ven-
tilation. Acidosis decreases the plasma binding o  local 
anesthetics, which leads to more unbound drug avail-
able  or uptake by the brain (and heart).
Ref: Hadzic A. NYSORA Textbook of Regional Anesthesia and 

Acute Pain Medicine. 1st ed. New York, NY: McGraw 
Hill; 2007.

 12. Which o  the  ollowing presenting signs/symptoms is 
most common during central nervous system toxicity 
 rom local anesthetics?

 (A) dizziness
 (B) agitation
 (C) perioral numbness
 (D) tinnitus
 (E) seizures

T e classical teaching regarding clinical presentation o  
local anesthetic systemic toxicity (LAS ) is that with 
increasing plasma concentrations o  drug, there is a cor-
responding worsening o  the clinical pro le (Figure 16-5). 
T ese start  rom premonitory signs such as numbness o  
the tongue and perioral area, metallic taste in the mouth, 
dizziness, and tinnitus through to muscular twitching, 
unconsciousness, seizures and  nally coma. With  urther 

increases in local anesthetic concentration, respiratory 
and cardiovascular depression occurs. 
 However, the clinical presentation is not so straight-
 orward, and the initial presenting sign can in  act be 
seizures or cardiovascular collapse. In a 2010 review o  
the previous 30 years worth o  reported cases o  LAS , 
68% o  cases with CNS toxicity described seizures as 
part o  the clinical picture. In contrast, only 18% 
reported dizziness, drowsiness, tinnitus, perioral numb-
ness, con usion, dysphoria, or dysarthria; 11% reported 
agitation; and 7% reported loss o  consciousness.
Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 

Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 13. Which o  the  ollowing is a characteristic clinical  nd-
ing with transient neurologic symptoms ( NS)  ollow-
ing spinal anesthesia?

 (A) paresthesias
 (B) motor weakness
 (C) posterior thigh pain
 (D) numbness
 (E) prompt onset upon resolution o  the spinal block

 NS is a syndrome o  symptoms that have their onset 
 rom within a  ew hours until approximately 24 hour 
a ter a complete recovery  rom spinal blockade. T e 
cardinal symptom is pain, usually originating in the 
lower back or gluteal region and o ten radiating down 
the posterior thighs. T e pain is described as burning, 
aching, or crampy. T e intensity is variable and ranges 
 rom barely noticeable to severe (average is 6.2 on a 
scale o  1 to 10).  NS is not characterized by any neu-
rologic symptoms—in other words, i  a patient com-
plains o  numbness, paresthesia, weakness, or bowel/
bladder dys unction, the diagnosis o   NS should be 
excluded and another cause identi ed. Similarly, inves-
tigations such as magnetic resonance imaging and elec-
tropathological testing are always normal in patients 
with  NS. Unlike most neurologic problems arising 
 rom neuraxial blockade where pain and/or neurologic 
symptoms exist upon resolution o  the block,  NS is 
characterized by  ull recovery  rom spinal,  ollowed by 
onset o  the symptoms within the next 24 hours. 
 In general, the syndrome is sel -limiting, and most 
cases disappear a ter 4 days. NSAIDs are the mainstay 
o  symptomatic treatment, although some patients 
may require a weak opioid analgesic. In cases where 
muscle spasm accompanies the pain, a muscle relaxant 
such as cyclobenzaprine may accelerate recovery. Other 
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therapies include leg elevation, heating pads,  ENS, 
and trigger point injections.
Ref: Cousins MJ, Carr DB, Horlocker   , Bridenbaugh PO. 

Cousins & Bridenbaugh’s Neural Blockade in Clinical 
Anesthesia and Pain Medicine. 4th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2009.

 14. Which o  the  ollowing  actors is MOS  associated 
with an increased risk o  developing transient neuro-
logic symptoms  ollowing a spinal anesthetic?

 (A) BMI < 20 kg/m2

 (B) high concentration o  local anesthetic
 (C) use o  hyperbaric solutions
 (D) surgery in the lithotomy position
 (E) use o  chloroprocaine 

T e primary risk  actors  or the development o   NS 
include the use o  lidocaine and the lithotomy posi-
tion. Lidocaine is approximately 7 times more likely to 
cause  NS than is bupivacaine, procaine, or prilo-
caine. Mepivacaine is less well studied but may carry a 
higher risk as well, compared to bupivacaine.
 Postulated  actors that have conf icting evidence but 
may contribute include ambulatory surgical status, 
arthroscopic knee surgery, and obesity. Pregnant patients 
undergoing cesarean delivery under spinal anesthesia 
have a similar incidence o   NS as non-pregnant patients 
undergoing surgical procedures in the supine position.
 Neither the baricity nor the concentration o  the 
solution appears to play a role in predicting which 
patients will develop  NS. 
Ref: Cousins MJ, Carr DB, Horlocker   , Bridenbaugh PO. 

Cousins & Bridenbaugh’s Neural Blockade in Clinical 
Anesthesia and Pain Medicine. 4th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2009.

 15. Cauda equina syndrome  ollowing neuraxial anesthesia 
is associated with which o  the  ollowing risk  actors?

 (A) small-gauge spinal catheters
 (B) lidocaine spinal anesthesia
 (C) lithotomy position
 (D) pencil-point needles
 (E) obesity

Cauda equina syndrome is an inf ammatory lesion o  
the lumbosacral nerve roots, and has multiple possible 
etiologies, including trauma, tumors, rheumatologic 
disease, and spinal stenosis, among others. Features 
include severe back, thigh, or leg pain (or combina-
tions o  the three); numbness/paresthesia o  the 

perineum, bowel, bladder, and/or sexual dys unction; 
and weakness and/or numbness o  the lower limbs.
 Cauda equina syndrome has occurred  ollowing 
neuraxial (especially spinal) anesthesia. Various causes 
have been proposed, including unintentional intrathe-
cal injection o  substances during epidural anesthesia 
and repeated intrathecal injection a ter  ailed spinal 
block with lidocaine. However, two principal  actors 
have been implicated in recent decades. First, in the 
late 1980s, clinicians began to use 27- to 32-gauge 
microcatheters  or continuous spinal anesthesia. A ter 
a short period, 11 cases o  cauda equina syndrome 
prompted the FDA to remove these devices  rom the 
market. T e explanation  or their culpability was that 
injection (and perhaps especially in usion or reinjec-
tion) o  local anesthetics resulted in pooling around a 
speci c area o  the intrathecal space, leading to direct 
toxicity o  the nerves. Most o  these patients received 
hyperbaric 5% lidocaine. 
 T e second  actor was a series o  8 cases o  inadver-
tent intrathecal injection o  large doses o  chloropro-
caine meant  or the epidural space. T e neurotoxicity 
in these cases was attributed to the preservative, sodium 
bisul te. Chloroprocaine spinal anesthesia was unpop-
ular  or several years until a series o  studies using 
preservative- ree chloroprocaine demonstrated that it 
provided quality anesthesia with no neurologic sequelae. 

Ref: Cousins MJ, Carr DB, Horlocker   , Bridenbaugh PO. 
Cousins & Bridenbaugh’s Neural Blockade in Clinical 
Anesthesia and Pain Medicine. 4th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2009.

 16. What is the approximate ratio o  the dose o  lidocaine 
required to cause irreversible cardiac collapse compared 
to seizures?

 (A) 1:1
 (B) 2:1
 (C) 3:1
 (D) 5:1
 (E) 7:1

T e CC:CNS ratio is a marker o  the margin between 
convulsions and  atal cardiovascular collapse. Its value 
varies between local anesthetics. For example, lidocaine 
has a CC:CNS ratio o  7:1, meaning that it requires 
roughly 7 times the amount o  lidocaine to cause cardiac 
arrest than it does to cause a seizure. T is represents a 
relatively high margin between these two toxic events. 
T e CC:CNS ratio  or bupivacaine is approximately 
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3.5:1, indicating a much lower dose required to cause a 
 atal cardiovascular event compared to a seizure.

Ref: Cousins MJ, Carr DB, Horlocker   , Bridenbaugh PO. 
Cousins & Bridenbaugh’s Neural Blockade in Clinical  
Anesthesia and Pain Medicine. 4th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2009.

 17. Systemic hypotension a ter an inadvertent large dose o  
bupivacaine is MOS  likely to result  rom which o  the 
 ollowing mechanisms?

 (A) myocardial depression
 (B) cardiac conduction system blockade
 (C) autonomic nervous system blockade
 (D) arterial vasodilation
 (E) venodilation and preload reduction

In general, concentrations o  local anesthetics that pro-
duce CNS toxicity will increase systemic blood pres-
sure, heart rate, and cardiac output in direct relation to 
the duration o  the seizure. However, at higher doses, 
cardiovascular depression occurs, although the mecha-
nisms will vary depending on the speci c agent. For 
example, bupivacaine is much more likely to produce 
ventricular arrhythmias (and eventually ventricular 
 brillation) by inhibition o   ast sodium channels in 
the cardiac membrane. In contrast, ventricular arrhyth-
mias are virtually impossible to produce with lidocaine 
or mepivacaine. High concentrations o  these agents 
are more o ten associated with depression o  myocar-
dial contractility and increases in LVEDP. 

Ref: Cousins MJ, Carr DB, Horlocker   , Bridenbaugh PO. 
Cousins & Bridenbaugh’s Neural Blockade in Clinical 
Anesthesia and Pain Medicine. 4th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2009.

 18. Which one o  the  ollowing local anesthetics is MOS  
likely to cause a true allergic reaction?

 (A) bupivacaine
 (B) chloroprocaine
 (C) lidocaine
 (D) mepivacaine
 (E) ropivacaine

While allergic reactions to amide-linked local anesthet-
ics have been reported, these events are extremely rare, 
and are o ten con used with other more  requent events 
such as systemic toxicity and epinephrine-induced 

tachycardia. Many patients who have experienced wheal 
and f are responses, and even anaphylactoid reactions, 
have gone on to have negative intradermal testing to the 
purported local anesthetic allergen. Allergy to the ester 
group o  local anesthetics (e.g., chloroprocaine) has long 
been thought to be much more common, since these are 
derivatives o  p-aminobenzoic acid, a known allergen. 
Other patients are allergic to metabisul te, a preserva-
tive in epinephrine-containing solutions. Cross-reactiv-
ity can occur because metabisul te is present in several 
other drugs and  oods. 

Ref: Cousins MJ, Carr DB, Horlocker   , Bridenbaugh PO. 
Cousins & Bridenbaugh’s Neural Blockade in Clinical  
Anesthesia and Pain Medicine. 4th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2009.

 19. You are selecting a solution to use  or a  emoral block 
in a patient undergoing an ACL repair. Which o  the 
 ollowing is NO  an appropriate additive  or use in 
local anesthetic solutions?

 (A) sodium bisul ite
 (B) methylparaben
 (C) glucose
 (D) phenol
 (E) phenylephrine

Local anesthetics are  requently manu actured with 
additives and/or preservatives. For example, lidocaine 
or bupivacaine are  requently available in solutions 
containing epinephrine  or its vasoconstrictive proper-
ties. However, epinephrine becomes oxidized in the 
presence o  light and degrades quickly. Sodium bisul-
 te is a common antioxidant that is added to 
epinephrine-containing solutions in order to prevent 
this process. While it is sa e to use  or nerve blocks, it 
has been implicated in causing cauda equina syn-
drome, and caution should be used when considering 
local anesthetics containing bisul tes during epidural 
blockade in case o  inadvertent subarachnoid 
administration.
 Methylparaben is an antimicrobial and anti ungal 
agent that is added to many multidose vials. It has no 
intrinsic neural toxicity, and nerve blocks can be done 
sa ely using these solutions. Methylparaben is metabo-
lized to p-amino benzoic acid (PABA), which is an 
allergen, and as such has been implicated in being the 
true cause o  suspected allergic reactions to local 
anesthetics.
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 Glucose is  requently added to solutions o  local 
anesthetics in order to render them hyperbaric. Phenyl-
ephrine, like epinephrine, is a vasoconstrictor that can 
be added to prolong the duration o  neural blockade.
 Phenol is a chemical mixture consisting o  several 
compounds and is used  or permanent, neurolytic 
blocks, primarily  or cancer-related pain. T is is not an 
appropriate additive  or clinical nerve blockade  or sur-
gical analgesia.

Ref: Cousins MJ, Carr DB, Horlocker   , Bridenbaugh PO. 
Cousins & Bridenbaugh’s Neural Blockade in Clinical  
Anesthesia and Pain Medicine. 4th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2009.

 20. Which o  the  ollowing local anesthetic drugs is NO  
associated with methemoglobinemia?

 (A) benzocaine
 (B) bupivacaine
 (C) lidocaine
 (D) prilocaine
 (E) tetracaine

Methemoglobinemia is a condition that results when 
iron in the hemoglobin molecule exists in the oxidized 
(Fe3+ ) state. In this state, the hemoglobin complex is 
incapable o  binding oxygen. Methemoglobin also 
shi ts the oxyhemoglobin dissociation curve to the le t 
and converts the normal sigmoid shape o  the curve to 
a hyperbolic one; both o  these actions impair unload-
ing o  oxygen to the tissues. In addition, oxidized 
heme is cytotoxic and is much more readily released 
 rom the globin molecule, causing direct tissue 
damage.
 Normally, methemoglobin levels account  or 
only 1–2% o  total hemoglobin, due to the action o  
cytochrome b5 methemoglobin reductase  ound in 
red blood cells. In the presence o  certain toxins, 
reduced hemoglobin may be oxidized at a greater 
rate than the enzyme can handle, and clinical met-
hemoglobinemia results. T e signs and symptoms 
are to a degree nonspeci c, and relate principally to 
the de cit in oxygen-carrying capacity: cyanosis, 
tachypnea, tachycardia, hypertension, coronary 
ischemia, altered consciousness/agitation, hypoten-
sion, syncope/coma, and apnea. A discrepancy 
between the pulse oximeter saturation and the mea-
sured PaO2 is suggestive o  methemoglobinemia. A 

SpO2 o  < 90% and a PaO2 > 70 mm Hg is espe-
cially typical. However, a wide range o  discrepan-
cies had been reported, and the SpO2 can substan-
tially underestimate the degree o  hypoxia. In order 
to diagnose methemoglobinemia correctly, a co-
oximeter must be used, which will discriminate 
various hemoglobin species. 
 While other agents exist that can provoke su cient 
oxidative stress (e.g., nitrates), certain local anesthetics 
have been implicated. Benzocaine and prilocaine 
together account  or more than 90% o  cases o  local 
anesthetic-induced methemoglobinemia. T e remain-
ing  ew reported cases involve only lidocaine or tetra-
caine. Benzocaine 20% is still commonly used  or 
topical preparation o  the airway  or awake intubation, 
although many experts have called  or a ban on its use 
since it is impossible to predict which patients will 
develop methemoglobinemia during benzocaine 
administration, and only one spray may be su cient 
to cause the condition. Prilocaine is commonly 
encountered as a component o  EMLA cream. Unex-
plained cyanosis or altered cardiopulmonary status in a 
young child where EMLA has been used should 
prompt consideration o  methemoglobinemia as part 
o  the di erential. 

Ref: Cousins MJ, Carr DB, Horlocker   , Bridenbaugh PO. 
Cousins & Bridenbaugh’s Neural Blockade in Clinical  
Anesthesia and Pain Medicine. 4th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2009.

 21.  reatment o  symptomatic methemoglobinemia is best 
achieved with which one o  the  ollowing?

 (A) indocyanine green
 (B) indigo carmine
 (C) vitamin C
 (D) methylene blue
 (E) 100% oxygen

In cases o  symptomatic methemoglobinemia, the 
de nitive therapy is methylene blue, which accelerates 
the reduction o  methemoglobin to deoxyhemoglobin 
promptly. T e dose is 0.5 mg/kg  or newborns (up to 
2 months) and 1–2 mg/kg in older patients, repeated 
every 60 minutes up to a total dose o  7 mg/kg. Patients 
that have G6PD-de ciency will not respond to the 
methylene blue therapy, however, and may in  act 
develop hemolysis in response to it;  or these patients, 
ascorbic acid (vitamin C), an antioxidant that e ectively 
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reverses methemoglobinemia, is the treatment o  
choice. Its action is slower than that o  methylene  
blue. 
 While a de ciency in oxygen-carrying capacity is the 
principal problem, supplemental oxygen therapy is not 
e ective in symptomatic methemoglobinemia, as it will 
not reverse the hypoxemia and tissue hypoxia. Hyper-
baric oxygen therapy also has not been shown to be 
e ective.
 Indigo carmine and indocyanine green are both 
dyes that can arti actually lower the pulse oximetry 
reading in the same manner as methylene blue can, but 
they play no role in therapy  or methemoglobinemia.

Ref: Cousins MJ, Carr DB, Horlocker   , Bridenbaugh PO. 
Cousins & Bridenbaugh’s Neural Blockade in Clinical  
Anesthesia and Pain Medicine. 4th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2009.

 22. You have just completed a brachial plexus block in 
the preoperative area  or a patient undergoing  xa-
tion o  a wrist  racture. Suddenly, the monitor begins 
to alarm, and you note that there are multiple short 
runs o  ventricular tachycardia, and what appears to 
be QRS widening. T e blood pressure is 82/46 mm 
Hg. T e patient reports  eeling dizzy and unwell. 
Which o  the  ollowing is the BES  initial treatment 
option?

 (A) Amiodarone 150 mg IV slow push
 (B) Lidocaine 1 mg/kg IV
 (C) Lipid emulsion 20% 1.5 mL/kg bolus
 (D) Immediate synchronized DC cardioversion
 (E) Vasopressin 40 units IV

Local anesthetic systemic toxicity (LAS ) is a serious 
and potentially  atal complication  ollowing the 
administration o  local anesthetics. Some  un  acts 
about LAS :
•  he incidence o  LAS  is completely unknown.  he 

reported incidence is somewhere around 1–2 per 1,000 
peripheral nerve blocks, but there are undoubtedly 
many, many more cases that go unreported. Per orm 
enough blocks and it will happen to you.

•  LAS  may present with neurologic signs (con usion, 
hallucination, seizure, coma) or cardiovascular signs 
(tachy- or bradyarrhythmias, QRS widening, hypo-
tension, cardiac arrest), or both at the same time. 
LAS  does not always  ollow the commonly 

described progression o  neurologic  ollowed by car-
diovascular signs.

•  Do NO  count on the “classic” premonitory  
symptoms—tinnitus, perioral numbness, metallic 
taste—being reported in advance o  more serious 
signs, particularly when patients are sedated  or 
block procedures. I  they ARE present, that can be 
help ul, but their absence is not reassuring.

•  Have a high index o  suspicion  or LAS . I  the 
patient has received a bolus o  local anesthetic 
recently, or is receiving a continuous in usion, keep 
LAS  at the top o  your di  erential while you work 
through other causes o  any neurologic or cardiovas-
cular changes.

•  Lipid emulsion is a li e-saving therapy. I  you have 
ANY suspicion o  LAS , give it, and give it early. 
 here are virtually no downsides to administering 
lipid emulsion in this setting. Prolonged in usions 
o  lipid have been associated with pancreatitis and 
lung injury, but these theoretical concerns are 
irrelevant with this dose and in this resuscitation 
situation. 

Here is how to make sure your patients never have a 
complication  rom LAS :
•  Ensure lipid emulsion is stocked by the pharmacy 

wherever local anesthetic is used: operating room, 
preop block area, PACU, labor  loor, ICU, and any 
patient  loor where epidural/perineural catheters or 
IV lidocaine in usions are administered.

•  Lipid emulsion has a shel  li e. Make sure it is 
replaced accordingly. 

•  Know how to use it, and make it easy  or others. 
Ensure that each bag o  lipid emulsion has a label 
with easy-to- ollow instructions. I recommend hav-
ing a 500-mL bag rather than 250 mL: it gets used 
up pretty quickly.

•  Memorize the dose: the recommended dose is 
1.5 mL/kg (note: mL, not mg),  ollowed by an in u-
sion o  0.25 mL/kg/min.  hat will get you started. 
Have a problem doing math and programming a 
pump while doing chest compressions? Yup, same 
here.  hat is why some have advocated  or SIMPLE 
instructions based on an assumed lean body weight 
o  70 kg. One easy-to-remember, mathematics- ree 
approximation o  the  ormula is:

  Immediate IV bolus of 100 mL of intralipid,  
followed by 1000 mL/hr (Figure 16-6)
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FIG. 16-6. Recommended instructions for administration of lipid emulsion during suspected 
local anesthetic systemic toxic event, along with a simplified “math-free” version based on a lean 
body mass of 70 kg.

 Once things have cooled o  and you have stabilized 
things, you can check the math and make sure the 
lipid is being administered appropriately.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.
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 CHAPTER 17

Muscle Relaxants

 1. How does succinylcholine cause neuromuscular block-
ade at the neuromuscular junction?

 (A) competitive inhibition o  acetylcholine
 (B) sensitization o  the nicotinic acetylcholine  

receptor (nAChR)
 (C) inactivation o  voltage gated sodium channels
 (D) decreased potassium permeability
 (E) decreased depolarization o  the end-plate

 2. A nondepolarizing muscle relaxant (NDMR) binds to 
which subunit o  the nicotinic acetylcholine receptor 
(nAChR)?

 (A) alpha
 (B) beta
 (C) delta
 (D) epsilon
 (E) gamma

 3. Concurrent disease states can alter the response to non-
depolarizing muscle relaxants (NDMRs). Which dis-
ease state results in a hypersensitive response to 
NDMRs?

 (A) burn injury
 (B) cerebral palsy
 (C) peripheral nerve injury
 (D) hemiplegia
 (E) myasthenia gravis

 4. Liver  ailure will have the most signi cant e ect on the 
duration o  action o  which nondepolarizing muscle 
relaxant (NDMR)?

 (A) vecuronium
 (B) cisatracurium
 (C) rocuronium
 (D) atracurium
 (E) succinylcholine

 5. Which o  the  ollowing drugs does NO  decrease 
butyrylcholinesterase (pseudocholinesterase) activity?

 (A) ranitidine
 (B) echothiophate
 (C) neostigmine
 (D) esmolol
 (E) oral contraceptives

 6. Which o  the  ollowing medications will cause resis-
tance to a nondepolarizing muscle relaxant (NDMR)?

 (A) amlodipine
 (B) gentamicin
 (C) des lurane
 (D) magnesium
 (E) carbamazepine

 7. A patient has received a nondepolarizing muscle relax-
ant (NDMR)  or many hours in the ICU and becomes 
hypotensive. T e hypotension is thought to be due to 
elevated levels o  laudanosine. Which NDMR did the 
patient receive?

 (A) vecuronium
 (B) rocuronium
 (C) atracurium
 (D) cis-atracurium
 (E) pancuronium
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 8. Which nondepolarizing muscle relaxant (NDMR) has 
the most potent active metabolites?

 (A) cisatracurium
 (B) pancuronium
 (C) rocuronium
 (D) vecuronium
 (E) gantacurium

 9. During surgery an adult patient is given a second dose 
o  succinylcholine approximately 5 minutes a ter the 
 rst dose. T is scenario increases the risk o  which o  
the  ollowing side e ects o  succinylcholine?

 (A) malignant hyperthermia
 (B) prolonged paralysis
 (C) postoperative myalgias
 (D) bradycardia
 (E) histamine release

 10. A patient has a history o  severe asthma. Which nonde-
polarizing muscle relaxant (NDMR) should be avoided?

 (A) vecuronium
 (B) rocuronium
 (C) atracurium
 (D) cisatracurium
 (E) pancuronium

 11. Administration o  succinylcholine can increase potas-
sium levels, and in susceptible patients this can lead to 
signi cant hyperkalemia. In which o  the  ollowing 
conditions is succinylcholine sa e to use?

 (A) burn injury
 (B) Guillain-Barré syndrome
 (C) massive trauma
 (D) chronic renal  ailure
 (E) closed head injury

 12. For which patient is succinylcholine contraindicated?

 (A) patient with an “open” eye injury
 (B) patient at risk o  pulmonary aspiration
 (C) patient with increased intracranial pressure
 (D) routine pediatric patient
 (E) patient who requires a rapid sequence induction

 13. A patient is tested  or butyrylcholinesterase (pseudo-
cholinesterase) activity and has a dibucaine number o  
80. She is given succinylcholine during surgery. Which 
o  the  ollowing scenarios is most likely?

 (A) normal response to succinylcholine
 (B) slightly prolonged 20–30 minute response to 

succinylcholine 
 (C) prolonged 4–8 hour response to succinylcholine
 (D) abnormally rapid recovery  rom succinylcholine
 (E) impossible to determine clinical e  ect without 

knowing the quantity o  enzyme

 14. Neostigmine is given to reverse the e ects o  a nonde-
polarizing muscle relaxant (NDMR). T e anesthesiolo-
gist does not administer adequate glycopyrrolate to the 
patient. Which o  the  ollowing side e ects o  neostig-
mine is most likely?

 (A) tachycardia
 (B) pupillary dilation
 (C) bronchodilation
 (D) dry mouth
 (E) intestinal spasm

 15. Inhaled anesthetics and  IVA can potentiate the e ects 
o  nondepolarizing muscle relaxants (NDMRs). Which 
o  the  ollowing agents is the most potent?

 (A) des lurane
 (B) sevo lurane
 (C) iso lurane
 (D) nitrous oxide
 (E) propo ol

 16. Many antibiotics can potentiate the e ects o  nonde-
polarizing muscle relaxants (NDMRs). Which antibi-
otic has NO e ect on neuromuscular blockade?

 (A) gentamicin
 (B) lincomycin
 (C) clindamycin
 (D) ce azolin
 (E) tetracycline
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 17. A patient with pre-eclampsia is treated with magnesium 
sul ate. T e patient requires a general anesthetic  
and vecuronium is used to provide neuromuscular 
blockade. How does magnesium sul ate alter the 
pharmacokinetics/pharmacodynamics o  vecuronium?

 (A) decreased ED95

 (B) increased onset o  action
 (C) decreased recovery time
 (D) enhanced recovery with neostigmine administration
 (E) no e  ect

 18. Which drug will augment the e ects o  nondepolariz-
ing muscle relaxants (NDMRs)?

 (A) lithium
 (B) carbamazepine
 (C) azathioprine
 (D) hydrocortisone
 (E) mannitol
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 1. How does succinylcholine cause neuromuscular block-
ade at the neuromuscular junction?

 (A) competitive inhibition o  acetylcholine
 (B) sensitization o  the nicotinic acetylcholine  

receptor (nAChR)
 (C) inactivation of voltage gated sodium channels
 (D) decreased potassium permeability
 (E) decreased depolarization o  the end-plate

Succinylcholine’s mechanism o  action remains incom-
pletely understood. Succinylcholine binds to the nAChR 
and causes prolonged depolarization o  the end-plate. 
T is leads to:
•  inactivation o  voltage gated sodium channels
•  desensitization o  the nAChR
• increased potassium permeability
Nondepolarizing muscle relaxants are competitive 
inhibitors o  acetylcholine.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 2. A nondepolarizing muscle relaxant (NDMR) binds to 
which subunit o  the nicotinic acetylcholine receptor 
(nAChR)?

 (A) alpha
 (B) beta
 (C) delta
 (D) epsilon
 (E) gamma

T e nAChR is made up o  2 alpha-subunits, 1 beta-
subunit, 1 delta-subunit, and either 1 gamma-subunit 
or 1 epsilon-subunit. A NDMR binds to the alpha-
subunit o  the nAChR. T e adult nAChR contains the 
gamma-subunit and the  etal nAChR contains the 
epsilon-subunit.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 3. Concurrent disease states can alter the response to 
nondepolarizing muscle relaxants (NDMRs). Which 
disease state results in a hypersensitive response to 
NDMRs?

 (A) burn injury
 (B) cerebral palsy
 (C) peripheral nerve injury
 (D) hemiplegia
 (E) myasthenia gravis

Myasthenia gravis results in a hypersensitive response 
to nondepolarizing muscle relaxants (NDMRs). Burn 
injury, cerebral palsy, peripheral nerve injury, and 
hemiplegia cause resistance to NDMRs.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 4. Liver  ailure will have the most signi cant e ect on the 
duration o  action o  which nondepolarizing muscle 
relaxant (NDMR)?

 (A) vecuronium
 (B) cisatracurium
 (C) rocuronium
 (D) atracurium
 (E) succinylcholine

Liver  ailure will prolong the duration o  action o  
rocuronium, pancuronium, and, to a lesser extent, 
vecuronium. Liver  ailure has no e ect on atracurium 
and cisatracurium. Liver disease can result in decreased 
butyrylcholinesterase (pseudocholinesterase) activity 
and modestly prolong the duration o  action o  succi-
nylcholine (depolarizing muscle relaxant).

Answers and Explanations: 
Muscle Relaxants
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Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 5. Which o  the  ollowing drugs does NO  decrease 
butyrylcholinesterase (pseudocholinesterase) activity?

 (A) ranitidine
 (B) echothiophate
 (C) neostigmine
 (D) esmolol
 (E) oral contraceptives

A number o  medical conditions and drugs can 
decrease butyrylcholinesterase (pseudocholinesterase) 
activity: pregnancy, liver disease, renal  ailure, 
advanced age, echothiophate, neostigmine, metoclo-
pramide, esmolol, pancuronium, and oral contracep-
tives. Clinically, these  actors only modestly increase 
the duration o  action o  succinylcholine. Ranitidine 
and cimetidine (H2 antagonists) do not have any 
e ect on butyrylcholinesterase (pseudocholinesterase) 
activity.
Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 

& Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 6. Which o  the  ollowing medications will cause resis-
tance to a nondepolarizing muscle relaxant (NDMR)?

 (A) amlodipine
 (B) gentamicin
 (C) des lurane
 (D) magnesium
 (E) carbamazepine

Anticonvulsants such as carbamazepine, phenytoin, 
and sodium valproate cause resistance to the e ects o  
nondepolarizing muscle relaxants (NDMRs). A variety 
o  medications can increase (potentiate) the e ects o  
NDMRs: antibiotics including aminoglycosides and 
clindamycin; calcium channel blockers; inhalational 
anesthetics; magnesium sul ate; high doses o  local 
anesthetics; and dantrolene. 
Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 

& Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 7. A patient has received a nondepolarizing muscle relax-
ant (NDMR)  or many hours in the ICU and becomes 
hypotensive. T e hypotension is thought to be due to 

elevated levels o  laudanosine. Which NDMR did the 
patient receive?

 (A) vecuronium
 (B) rocuronium
 (C) atracurium
 (D) cis-atracurium
 (E) pancuronium

T ere are reports o  CNS excitation and cardiovascular 
e ects such as hypotension associated with the use o  
atracurium. Atracurium and cis-atracurium are both 
metabolized by Ho mann elimination and ester hydro-
lysis. Ho mann elimination results in laudanosine  or-
mation. Laudanosine can have CNS-stimulating prop-
erties and cardiovascular e ects. Since cis-atracurium 
is approximately 5 times more potent than atracurium, 
laudanosine accumulation is not thought to be clini-
cally relevant.
Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 

Elsevier; 2015.

 8. Which nondepolarizing muscle relaxant (NDMR) has 
the most potent active metabolites?

 (A) cisatracurium
 (B) pancuronium
 (C) rocuronium
 (D) vecuronium
 (E) gantacurium

T e 3-OH metabolite o  vecuronium is approximately 
80% as potent as vecuronium. T e 3-OH metabolite 
o  pancuronium is approximately 66% as potent as 
pancuronium. Cisatracurium, rocuronium, and ganta-
curium do not have active metabolites.
Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 

Elsevier; 2015.

 9. During surgery an adult patient is given a second dose 
o  succinylcholine approximately 5 minutes a ter the 
 rst dose. T is scenario increases the risk o  which o  
the  ollowing side e ects o  succinylcholine?

 (A) malignant hyperthermia
 (B) prolonged paralysis
 (C) postoperative myalgias
 (D) bradycardia
 (E) histamine release
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Bradycardia can occur with administration o  succinyl-
choline. Pediatric patients are more prone to bradycar-
dia, as are adults given a second dose o  succinylcho-
line approximately 5 minutes a ter the  rst dose. 
Prophylactic administration o  atropine can prevent 
the bradycardia.

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015; Butterworth JF IV, Mackey DC, Wasnick 
JD. Morgan & Mikhail’s Clinical Anesthesiology. 5th ed. 
New York, NY: McGraw Hill; 2013.

 10. A patient has a history o  severe asthma. Which nonde-
polarizing muscle relaxant (NDMR) should be avoided?

 (A) vecuronium
 (B) rocuronium
 (C) atracurium
 (D) cisatracurium
 (E) pancuronium

Histamine release is more common with benzyliso-
quinolinium neuromuscular relaxants. Although rela-
tively rare, bronchospasm can occur. O  the listed 
NDMRs, atracurium causes the most histamine release 
and should be avoided in asthmatics. Cisatracurium, 
vecuronium, rocuronium, and pancuronium do not 
cause histamine release.

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015; Butterworth JF IV, Mackey DC, Wasnick 
JD. Morgan & Mikhail’s Clinical Anesthesiology. 5th ed. 
New York, NY: McGraw Hill; 2013.

 11. Administration o  succinylcholine can increase potas-
sium levels, and in susceptible patients this can lead to 
signi cant hyperkalemia. In which o  the  ollowing 
conditions is succinylcholine sa e to use?

 (A) burn injury
 (B) Guillain-Barré syndrome
 (C) massive trauma
 (D) chronic renal failure
 (E) closed head injury

Succinylcholine will increase potassium levels by 
0.5 mEq/dL. Patients with chronic renal  ailure do not 
have a higher risk o  a hyperkalemic response to suc-
cinylcholine than do patients with normal renal 
 unction. Conditions that increase risk o  hyperkale-
mic response to succinylcholine include:
•  burn injury
•  Guillain-Barré syndrome

• massive trauma
• closed head injury
•  myopathies
•  spinal cord injury
•  shock and metabolic acidosis

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015; Butterworth JF IV, Mackey DC, Wasnick 
JD. Morgan & Mikhail’s Clinical Anesthesiology. 5th ed. 
New York, NY: McGraw Hill; 2013.

 12. For which patient is succinylcholine contraindicated?

 (A) patient with an “open” eye injury
 (B) patient at risk o  pulmonary aspiration
 (C) patient with increased intracranial pressure
 (D) routine pediatric patient
 (E) patient who requires a rapid sequence 

induction

In patients with undiagnosed myopathies, succinyl-
choline can cause hyperkalemic cardiac arrest. Because 
o  this, succinylcholine is not used routinely  or pedi-
atric patients. Succinylcholine will increase intraocular 
pressure, intragastric pressure, and intracranial pres-
sure. However, there is little evidence that succinylcho-
line increases risk or worsens outcomes  or patients 
with “open” eye injuries, patients at risk o  pulmonary 
aspiration, or patients with increased intracranial pres-
sure. Despite its number o  side e ects, succinylcho-
line’s short onset and duration o  action mean that it is 
still indicated  or patients who require a rapid-sequence 
induction.

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015; Butterworth JF IV, Mackey DC, Wasnick 
JD. Morgan & Mikhail’s Clinical Anesthesiology. 5th ed. 
New York, NY: McGraw Hill; 2013.

 13. A patient is tested  or butyrylcholinesterase (pseudo-
cholinesterase) activity and has a dibucaine number o  
80. She is given succinylcholine during surgery. Which 
o  the  ollowing scenarios is most likely?

 (A) normal response to succinylcholine
 (B) slightly prolonged 20–30 minute response to 

succinylcholine 
 (C) prolonged 4–8 hour response to succinylcholine
 (D) abnormally rapid recovery  rom succinylcholine
 (E) impossible to determine clinical e  ect without 

knowing the quantity o  enzyme
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A patient with a dibucaine number o  80 will have a 
normal response to succinylcholine. Butyrylcholines-
terase (pseudocholinesterase) metabolizes succinylcho-
line. Dibucaine inhibits normal butyrylcholinesterase 
activity by 80%. A patient with normal butyrylcholin-
esterase activity has a dibucaine number o  80, while a 
homozygote with abnormal alleles will have a dibucaine 
number o  20. T e dibucaine number is a qualitative 
measure o  butyrylcholinesterase  unction rather than a 
quantitative measure o  the amount o  enzyme. A 
patient with a dibucaine number o  20 will have a pro-
longed 4–8-hour response to succinylcholine. A hetero-
zygote patient with one abnormal gene and one normal 
gene will have a slightly prolonged 20–30-minute 
response to succinylcholine. 
Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 

& Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 14. Neostigmine is given to reverse the e ects o  a nonde-
polarizing muscle relaxant (NDMR). T e anesthesiolo-
gist does not administer adequate glycopyrrolate to the 
patient. Which o  the  ollowing side e ects o  neostig-
mine is most likely?

 (A) tachycardia
 (B) pupillary dilation
 (C) bronchodilation
 (D) dry mouth
 (E) intestinal spasm

Muscarinic side e ects o  cholinesterase inhibitors 
include: intestinal spasm, bradycardia, bronchospasm, 
increased bladder tone, and pupillary constriction.
Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 

& Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGraw Hill; 2013.

 15. Inhaled anesthetics and  IVA can potentiate the e ects 
o  nondepolarizing muscle relaxants (NDMRs). Which 
o  the  ollowing agents is the most potent?

 (A) desflurane
 (B) sevo lurane
 (C) iso lurane
 (D) nitrous oxide
 (E) propo ol

Inhaled anesthetics and  IVA can potentiate the e ects 
o  NDMRs in the  ollowing order o  potency: desf urane 
> sevof urane> isof urane> nitrous oxide or propo ol.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 16. Many antibiotics can potentiate the e ects o  nonde-
polarizing muscle relaxants (NDMRs). Which antibi-
otic has NO e ect on neuromuscular blockade?

 (A) gentamicin
 (B) lincomycin
 (C) clindamycin
 (D) cefazolin
 (E) tetracycline

Aminoglycosides, polymyxins, lincomycin, clindamy-
cin, and tetracyclines all potentiate the e ects o  
NDMRs. Cephalosporins (ce azolin) and penicillins 
do not potentiate the e ects o  NDMRs.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 17. A patient with pre-eclampsia is treated with magne-
sium sul ate. T e patient requires a general anesthetic 
and vecuronium is used to provide neuromuscular 
blockade. How does magnesium sul ate alter the 
pharmacokinetics/pharmacodynamics o  vecuronium?

 (A) decreased ED95

 (B) increased onset o  action
 (C) decreased recovery time
 (D) enhanced recovery with neostigmine administra-

tion
 (E) no e  ect

Magnesium sul ate will enhance the e ects o  
vecuronium and other nondepolarizing muscle 
relaxants (NDMRs), and the ED95 will be decreased. 
Other e ects o  magnesium sul ate on NDMR phar-
macokinetics include decreased onset o  action, 
increased recovery time, and diminished recovery with 
neostigmine administration.

Refs: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015; Butterworth JF IV, Mackey DC, Wasnick 
JD. Morgan & Mikhail’s Clinical Anesthesiology. 5th ed. 
New York, NY: McGraw Hill; 2013.
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 18. Which drug will augment the e ects o  nondepolariz-
ing muscle relaxants (NDMRs)?

 (A) lithium
 (B) carbamazepine
 (C) azathioprine
 (D) hydrocortisone
 (E) mannitol

Lithium, via both presynaptic and postsynaptic e ects, 
augment the neuromuscular blockade o  NDMRs. 
Steroids, anticonvulsants, and, to a lesser degree, aza-
thioprine cause resistance to nondepolarizing muscle 
relaxants (NDMRs). Mannitol has no e ect on 
NDMRs.

Ref: Miller RD. Miller’s Anesthesia. 8th ed. Philadelphia, PA: 
Elsevier; 2015.

MCGH380-CH17_285-292.indd   292  10/09/16   8:31 PM



293

 CHAPTER 18

Cardiovascular and Respiratory 
Pharmacology

 1. A patient with atrial  brillation and le t ventricular dys-
 unction is prescribed digoxin. Un ortunately, the 
patient misreads the prescription and takes signi cantly 
more than the recommended dose. T e result is acute 
digoxin intoxication. Which o  the  ollowing therapeu-
tic options will reverse the e ects o  digoxin?

 (A) potassium chloride
 (B) lidocaine
 (C) cardioversion
 (D) immunotherapy
 (E) dialysis

 2. Which o  the  ollowing medications is a positive ino-
trope without activating the β 1-receptor?

 (A) isoproterenol
 (B) glucagon
 (C) dobutamine
 (D) dopamine
 (E) norepinephrine

 3. A postoperative patient is noted to have severe heart 
 ailure. In an attempt to improve cardiac output, an 
in usion o  milrinone is initiated. In this patient, which 
o  the  ollowing side e ects is most likely to limit the 
use o  milrinone? 

 (A) pulmonary artery hypertension
 (B) thrombocytopenia
 (C) hypotension
 (D) peripheral vasoconstriction
 (E) bronchospasm

 4. A patient with rapid atrial  brillation requires medical 
intervention. Which o  the  ollowing antiarrhythmics 
can be administered to maintain normal sinus rhythm? 

 (A) amiodarone
 (B) digoxin
 (C) verapamil
 (D) adenosine
 (E) metoprolol

 5. A patient with chronic stable angina and sinus brady-
cardia requires medical therapy  or his anginal symp-
toms. Initially, which o  the  ollowing therapies is 
recommended? 

 (A) metoprolol
 (B) diltiazem
 (C) verapamil
 (D) labetalol
 (E) amlodipine

 6. At clinical doses, which o  the  ollowing vasodilators 
acts mainly on venous capacitance vessels? 

 (A) nitroprusside
 (B) nesiritide
 (C) nitroglycerin
 (D) verapamil
 (E) hydralazine
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 7. A patient with hypertension is treated with an ACE 
inhibitor. Un ortunately, the patient develops angio-
edema, and the medication is discontinued. Which o  
the  ollowing e ects o  ACE inhibitors is considered a 
likely cause o  the angioedema? 

 (A) decreased renin
 (B) inhibition o  A 1 receptors
 (C) activation o  A 2 receptors
 (D) increased angiotensin II
 (E) increased bradykinin

 8. A hardworking anesthesiology resident rarely, i  ever, is 
relieved  rom the operating room and un ortunately, 
over the course o  many months, develops an electro-
lyte imbalance. T e resident’s electrocardiogram shows 
prolonged PR interval, prolonged QRS interval, and 
peaked   waves. Which o  the  ollowing electrolytes is 
abnormal?

 (A) Ca2+

 (B) K+

 (C) Mg2+

 (D) PO4
2-

 (E) Na+

 9. A patient with sepsis is placed on an in usion o  nor-
epinephrine to maintain mean arterial pressure (MAP) 
o  at least 65 mm Hg. As per the surviving sepsis guide-
lines, the addition o  which o  the  ollowing vasopres-
sors may help to raise MAP and allow the norepineph-
rine in usion to be decreased? 

 (A) epinephrine
 (B) dopamine
 (C) dobutamine
 (D) vasopressin
 (E) phenylephrine

 10. Which o  the  ollowing statements regarding beta-2 
(β 2) agonists is  RUE? 

 (A) Inhalation o  albuterol via a metered-dose 
inhaler typically results in 50%–60% o  the drug 
deposited in the lungs.

 (B) Compared to short-acting β 2-agonists (SABAs), 
long-acting β 2-agonists (LABAs) are more lipid 
soluble.

 (C) Binding o  β 2-agonists to the pulmonary epithe-
lial membrane receptor leads to a decrease in 
cyclic AMP.

 (D) β 2-agonists are ine  ective when administered orally.
 (E) Side e  ects include hyperkalemia.

 11. Which o  the  ollowing statements regarding nebulized 
ipratropium is  RUE?

 (A) Ipratropium is slightly more e  ective in asthma 
than in COPD.

 (B) Ipratropium is only available in a nebulized  orm.
 (C) Ipratropium has no impact on mucociliary  

clearance.
 (D) Due to its pharmacology, ipratropium cannot be 

co-administered together with a β 2-agonist.
 (E) Activity is maximal at 2–3 hours a ter inhalation.

DIRECTIONS: For each o  the numbered phrases or 
statements below, select the ONE lettered heading that is 
most closely associated with it. Each lettered heading 
may be selected once, more than once, or not at all.
 (A) albuterol
 (B) antihistamines
 (C) anti-IgE receptor therapy
 (D) corticosteroids
 (E) cromolyn
 (F) dextromethorphan
 (G) magnesium sul ate
 (H) methylxanthines
 (I) leukotriene antagonists
 (J) phosphodiesterase inhibitors

 12. Side e ects include osteoporosis and cataracts. 

 13. A second-line anti-in ammatory agent that blocks the 
arachidonic acid pathway. 

 14. An injectable medication indicated  or severe asthma 
that reduces corticosteroid requirements.
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 1. A patient with atrial  brillation and le t ventricular dys-
 unction is prescribed digoxin. Un ortunately, the patient 
misreads the prescription and takes signi cantly more 
than the recommended dose. T e result is acute digoxin 
intoxication. Which o  the  ollowing therapeutic options 
will reverse the e ects o  digoxin?

 (A) potassium chloride
 (B) lidocaine
 (C) cardioversion
 (D) immunotherapy
 (E) dialysis

Digoxin is a cardiac glycoside that inhibits myocyte 
Na+ , K+ -A Pase, which results in increased intracel-
lular calcium and positive inotropy.
 Acute overdose may present with: vomiting, hyper-
kalemia, and cardiac arrhythmias (sinus bradycardia, 
second- or third-degree AV block, asystole, ventricular 
tachycardia, or ventricular  brillation).
  reatment o  acute digoxin intoxication includes:
•  Immunotherapy with digoxin-speci ic antibodies, 

which will reverse the e  ects o  digoxin.  hese 
antibodies bind digoxin to  orm inactive complexes 
that are excreted in the urine.

•  Hyperkalemia should be treated with calcium gluco-
nate, + /-  sodium bicarbonate, + /-  sodium poly-
styrene sul onate.

•  Bradyarrhythmias may be treated with atropine or 
pacemaker (note: pacing or cardioversion  or 
arrhythmia management in these patients may 
induce even more severe arrhythmias).

•  Ventricular tachyarrhythmias may be treated with 
lidocaine.

•  Digoxin is NO  e  ectively removed by dialysis.
Chronic intoxication with digoxin may present with: 
altered mental status, brady- or tachyarrhythmias, and 
electrolyte abnormalities due to concomitant diuretic 
use (hypokalemia and hypomagnesemia).

Re s: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Benowitz NL. Chapter 61. Digoxin and Other Cardiac Gly-
cosides. In: Olson KR. eds. Poisoning & Drug Overdose, 
6e. New York, NY: McGraw-Hill; 2012.

 2. Which o  the  ollowing medications is a positive ino-
trope without activating the β 1-receptor?

 (A) isoproterenol
 (B) glucagon
 (C) dobutamine
 (D) dopamine
 (E) norepinephrine

Glucagon acts via a G-protein-coupled receptor 
(GPCR), independent o  the β 1-receptor, to cause 
both positive chronotropic and inotropic e ects on 
the heart. It has been used to treat patients with a 
β -blocker overdose.
 T e positive inotropic e ects o  isoproterenol, 
dobutamine, dopamine, and norepinephrine are all 
due to activation o  the β 1-receptor. β 1-receptors are 
GPCRs that cause activation o  adenylyl cyclase, 
increased intracellular levels o  cAMP and protein 
kinase A, and activation o  L-type Ca2+  channels.

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 3. A postoperative patient is noted to have severe heart 
 ailure. In an attempt to improve cardiac output, an 
in usion o  milrinone is initiated. In this patient, which 
o  the  ollowing side e ects is most likely to limit the 
use o  milrinone? 

 (A) pulmonary artery hypertension
 (B) thrombocytopenia
 (C) hypotension

Answers and Explanations: 
Cardiovascular and Respiratory Pharmacology
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 (D) peripheral vasoconstriction
 (E) bronchospasm

Milrinone is an example o  a phosphodiesterase III 
inhibitor that acts as an inodilator (positive inotropy 
with decreased pre- and a terload). Phosphodiesterase 
III inhibition maintains intracellular levels o  cAMP in 
smooth and cardiac muscle and increases contractility, 
improves lusitropy (myocardial relaxation), and causes 
arterial and venous dilatation. Milrinone may be indi-
cated  or patients with heart  ailure, as it can improve 
cardiac output. However, its use in heart  ailure 
patients may be limited due its arterial and venous 
vasodilatory e ects and resultant hypotension. 
Phosphodiesterase (PDE) inhibitors decrease pulmo-
nary and systemic vascular resistance. (Sildena l is 
PDE-5 inhibitor with increased speci city  or the pul-
monary artery and is used in the treatment o  pulmo-
nary hypertension.) Other relatively rare complications 
o  milrinone therapy may include thrombocytopenia 
and bronchospasm (or anaphylaxis).

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 4. A patient with rapid atrial  brillation requires medical 
intervention. Which o  the  ollowing antiarrhythmics 
can be administered to maintain normal sinus rhythm? 

 (A) amiodarone
 (B) digoxin
 (C) verapamil
 (D) adenosine
 (E) metoprolol

Options  or management o  atrial  brillation include 
either ventricular rate control with AV nodal blocking 
agents or maintenance o  sinus rhythm with Class I or 
III antiarrhythmics. Amiodarone is predominantly a 
Class III antiarrhythmic drug. AV nodal blocking 
agents include adenosine, calcium channel blockers, β  
blockers, and digoxin (by increasing vagal tone).
 Antiarrhythmic drugs may be classi ed in a variety 
o  ways, including type o  electrophysiologic action, 
mechanism o  arrhythmia, or genetics. T e traditional 
Vaughan Williams classi cation is based on electro-
physiologic properties o  the drug:

•  Class I—Na+  channel block
•  Class II—β  blockade

•  Class III—action potential prolongation (usually K+  
channel block)

•  Class IV—Ca2+  channel block

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 5. A patient with chronic stable angina and sinus brady-
cardia requires medical therapy  or his anginal symp-
toms. Initially, which o  the  ollowing therapies is 
recommended? 

 (A) metoprolol
 (B) diltiazem
 (C) verapamil
 (D) labetalol
 (E) amlodipine

For a patient with angina and sinus bradycardia, a 
dihydropyridine Ca2+  channel blocker (DHP CCB) 
such as amlodipine is indicated. Other examples o  
DHP CCBs include ni edipine,  elodipine, and nicar-
dipine. As a class, DHP CCBs are relatively more 
selective  or coronary vasculature with  ewer cardiac 
e ects such as suppression o  SA node automaticity or 
AV conduction.
 CCBs inhibit voltage-sensitive Ca2+  channels (L-type), 
thus preventing entry o  extracellular Ca2+  into smooth 
and cardiac muscle. A variety o  di erent CCBs are 
available:
•  Phenylalkylamine: verapamil
•  Benzothiazepine: diltiazem
• Dihydropyridines: ni edipine, amlodipine,  elodip-

ine, nicardipine, nimodipine
In general, DHPs cause coronary vasodilation with 
minimal or no e ect on cardiac contractility, SA node 
automaticity, or AV node conduction. DHPs are more 
potent vasodilators than verapamil or diltiazem is. 
DHPs cause direct arterial dilation and re ex increases 
in sympathetic tone (which mitigates any direct e ects 
on contractility, SA node automaticity, or AV node 
conduction).
 Verapamil and diltiazem suppress SA node automa-
ticity and AV node conduction; they also signi cantly 
suppress cardiac contractility and cause coronary 
vasodilation.

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.
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 6. At clinical doses, which o  the  ollowing vasodilators 
acts mainly on venous capacitance vessels? 

 (A) nitroprusside
 (B) nesiritide
 (C) nitroglycerin
 (D) verapamil
 (E) hydralazine

Nitrates, via  ormation o  nitric oxide (NO), cause 
smooth muscle relaxation and vasodilation. Although 
the exact mechanism is unclear, nitroglycerin 
mainly acts as a venodilator on venous capacitance 
vessels. Higher doses o  nitroglycerin may also directly 
decrease arteriolar resistance and a terload, but re ex 
sympathetic activation tends to mitigate this e ect.
 Other vasodilators include:
•  Nitroprusside—a direct NO donor; causes both 

arterial and venodilation. Metabolism is notable  or 
cyanide production, which is then metabolized to 
thiocyanate and excreted renally. NO-mediated oxi-
dation o  hemoglobin can also cause methemoglo-
binemia.

•  Hydralazine—direct-acting vasodilator that causes 
signi icant a terload reduction via an unknown 
mechanism. Both intravenous and oral  ormulations 
are used; intravenous hydralazine is relatively slow to 
reach maximal e  ect.

•  Nesiritide—a  orm o  recombinant brain natriuretic 
peptide (BNP). An agonist at natriuretic peptide 
receptors that causes increased sodium and water 
excretion and vasodilation. Used in the treatment o  
heart  ailure, nesiritide decreases both systemic and 
pulmonary vascular resistance, mean blood pressure, 
and pulmonary capillary wedge pressure.

•  Verapamil—a phenylalkylamine calcium channel 
blocker. It suppresses SA node automaticity and AV 
node conduction, and also signi icantly suppresses 
cardiac contractility and causes coronary vasodilation.

Other classes o  vasodilators include:
•  ACE inhibitors
•  Angiotensin II blockers
•  Phosphodiesterase inhibitors
•  α  antagonists
•  β  agonists
T ese medications are indicated  or a variety o  condi-
tions including hypertension, heart  ailure, angina, and 
peripheral vascular disease. Perioperatively, vasodilators 

may be indicated to manipulate and optimize cardiac 
per ormance or induce hypotension as desired  or sur-
gical procedures.

Re s: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Katzung BG, Masters SB,  revor AJ. Basic and Clinical Phar-
macology. 12th ed. (LANGE Basic series). New York, NY: 
McGraw Hill; 2012.

 7. A patient with hypertension is treated with an ACE 
inhibitor. Un ortunately, the patient develops angio-
edema, and the medication is discontinued. Which o  
the  ollowing e ects o  ACE inhibitors is considered a 
likely cause o  the angioedema? 

 (A) decreased renin
 (B) inhibition o  A 1 receptors
 (C) activation o  A 2 receptors
 (D) increased angiotensin II
 (E) increased bradykinin

ACE inhibitors cause increased levels o  bradykinin, 
which is thought to be a possible mechanism  or ACE 
inhibitor induced angioedema.
 ACE inhibitors are involved in the renin-angiotensin 
system (RAS). Renin, released by renal juxtaglomerular 
cells, cleaves angiotensinogen to  orm AngI. Angiotensin- 
converting enzyme (ACE) cleaves AngI and  orms 
AngII. AngII is the active  orm that acts on angiotensin 
receptors (A 1 and A 2).  A 1 activation causes vasocon-
striction o  vascular smooth muscle and increased blood 
pressure.
 ACE is a nonspeci c enzyme and is also known as 
kininase II, which is involved in the inactivation o  
bradykinin. Bradykinin, a vasodilator, may be  ormed 
 rom a variety o  pro-in ammatory reactions such as 
tissue damage or allergy.
 T e actions o  ACE inhibitors include:
•  reduced levels o  AngII
•  increased levels o  bradykinin
•  increased renin release (by inter ering with AngII 

 eedback inhibition)
ACE inhibitors do not interact with A 1 or A 2 recep-
tors. In contrast, angiotensin receptor blockers (ARBs) 
are competitive inhibitors o  the A 1 receptor.

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.
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 8. A hardworking anesthesiology resident rarely, i  ever, is 
relieved  rom the operating room and un ortunately, 
over the course o  many months, develops an electro-
lyte imbalance. T e resident’s electrocardiogram shows 
prolonged PR interval, prolonged QRS interval, and 
peaked   waves. Which o  the  ollowing electrolytes is 
abnormal?

 (A) Ca2+

 (B) K+

 (C) Mg2+

 (D) PO4
2-

 (E) Na+

Inadequate intake o   uids and nutrients may result in 
a variety o  metabolic disturbances:
 Hyperkalemia may occur due to renal  ailure. 
Hyperkalemia is associated with ECG changes 
including prolonged PR interval, prolonged QRS 
interval, peaked T waves, conduction blocks, ven-
tricular f brillation, and asystole.
 Hypokalemia may occur due to limited potassium 
intake. It is associated with ECG changes including pro-
longed PR interval,  -wave inversion, S -depression, 
prominent U waves, prolonged Q  interval, increased 
ectopy, and supraventricular and ventricular arrhythmias.
 Hypocalcemia may occur due to vitamin D de -
ciency. Hypocalcemia is associated with neuromuscular 
irritability (tetany) and cardiovascular abnormalities 
including hypotension, heart  ailure, and ECG changes: 
bradycardia, prolonged Q  interval, and   wave 
inversion.
 Hypomagnesemia may occur due to limited mag-
nesium intake. Hypomagnesemia is associated with 
hypokalemia, hypocalcemia, and hyponatremia. T e 
ECG changes associated with hypomagnesemia are the 
same as with hypokalemia, including prolonged Q  
interval, prolonged QRS interval, and prominent U 
waves.
 Hypernatremia may occur due to limited access to 
water and typically presents with thirst and neurologic 
symptoms such as lethargy, weakness, tremor, hyper-
re exia, coma, and seizures.
 Hypophosphatemia may occur due to limited phos-
phate intake. Severe hypophosphatemia may present 
with neurologic symptoms such as weakness, tremors, 
seizures, and coma. Other e ects include muscle weak-
ness, cardiomyopathy, and respiratory  ailure.

Re : Hall JB, Schmidt GA, Kress JP. Principles of Critical 
Care. 4th ed. New York, NY: McGraw Hill; 2015.

 9. A patient with sepsis is placed on an in usion o  nor-
epinephrine to maintain mean arterial pressure (MAP) 
o  at least 65 mm Hg. As per the surviving sepsis guide-
lines, the addition o  which o  the  ollowing vasopres-
sors may help to raise MAP and allow the norepineph-
rine in usion to be decreased? 

 (A) epinephrine
 (B) dopamine
 (C) dobutamine
 (D) vasopressin
 (E) phenylephrine

For a patient with septic shock, the addition o  vaso-
pressin to an in usion o  norepinephrine may help 
maintain MAP and allow the norepinephrine in usion 
to be decreased.
 Vasopressin is a peptide hormone involved in water 
conservation and regulation o  blood volume and 
blood pressure. A potent vasoconstrictor at the V1 
receptor, vasopressin is released during periods o  
hypovolemia or hypotension. However, patients with 
septic shock (a  orm o  vasodilatory shock) have a rela-
tive de ciency o  vasopressin. T e surviving sepsis 
guidelines make the  ollowing vasopressor recommen-
dations  or patients with septic shock:
•  norepinephrine is the  irst-choice vasopressor
•  epinephrine may be added or substituted  or norepi-

nephrine to maintain MAP o  65 mm Hg
•  vasopressin (up to 0.03 U/min) may be added to 

norepinephrine to help raise MAP or reduce norepi-
nephrine in usion. ( he VASS  trial compared nor-
epinephrine to norepinephrine and vasopressin and 
 ound no di  erence in outcome.)

Dopamine and phenylephrine are not recommended as 
 rst-line therapies except  or selected patients (e.g., 
dopamine may be considered  or patients with relative 
bradycardia and low risk o  tachyarrhythmia; phenyl-
ephrine may be considered  or patients  or who norepi-
nephrine causes signi cant arrhythmia, or in whom 
cardiac output is elevated and blood pressure is low). For 
patients with septic shock and low cardiac output, 
dobutamine may be added to as a  rst-choice inotrope.

Re s: Dellinger RP, Levy MM, Rhodes A, et al. Surviving 
sepsis campaign: international guidelines  or management 
o  severe sepsis and septic shock: 2012. Crit Care Med. 
2013;41(2):580–637.

Brunton LL, Chabner BA, Knollman BC. Goodman & Gil-
man’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.
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 10. Which o  the  ollowing statements regarding beta-2 
(β 2) agonists is  RUE? 

 (A) Inhalation o  albuterol via a metered-dose 
inhaler typically results in 50%–60% o  the drug 
deposited in the lungs.

 (B) Compared to short-acting β 2-agonists 
(SABAs), long-acting β 2-agonists (LABAs) are 
more lipid soluble.

 (C) Binding o  β 2-agonists to the pulmonary epithe-
lial membrane receptor leads to a decrease in 
cyclic AMP.

 (D) β 2-agonists are ine  ective when administered 
orally.

 (E) Side e  ects include hyperkalemia.

β 2-agonists are the  rst-line bronchodilator therapy 
due to their prompt onset, ef cacy, and relative scarcity 
o  side e ects when used in commonly prescribed 
doses. T ese drugs can be administered via several 
routes, such as intravenous and oral, but the inhaled 
route is usually pre erable. Nebulizers provide the best 
delivery o  inhaled drug to the airways; metered-dose 
inhalers typically lose most o  the dose to the mouth 
and pharynx, and only 10–20% actually reaches the 
airways. T e pharmacology o  β 2-agonists is well 
described and involves the activation o  adenylyl cyclase 
via a stimulatory G protein, leading to an increase in 
cyclic AMP. T is triggers a lowering o  the intracellular 
calcium concentration, which relaxes the bronchial 
smooth muscle. 
 Side e ects o  β 2-agonists include muscle tremor 
due to stimulation o  β 2 receptors in skeletal muscle, 
palpitations due to stimulation o  atrial β 2 receptors, 
and hypokalemia due to the driving o  potassium ions 
into skeletal muscle caused by increased pancreatic 
secretion o  insulin (remember: β 2-agonists are a spe-
ci c therapy  or hyperkalemia). T e reversal o  hypoxic 
pulmonary vasoconstriction due to β 2-agonists can 
sometimes lead to a small reduction in arterial oxygen 
tension due to vasodilation o  blood vessels in poorly 
ventilated areas o  the lung.
 LABAs are more lipid soluble and there ore are have 
a longer duration o  e ect. LABAs are o ten combined 
with a similarly long-acting corticosteroid  or their syn-
ergistic actions (e.g.,  uticasone/salmeterol or Advair).

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011. 

 11. Which o  the  ollowing statements regarding nebulized 
ipratropium is  RUE?

 (A) Ipratropium is slightly more e  ective in asthma 
than in COPD.

 (B) Ipratropium is only available in a nebulized  orm.
 (C) Ipratropium has no impact on mucociliary  

clearance.
 (D) Due to its pharmacology, ipratropium cannot be 

co-administered together with a β 2-agonist.
 (E) Activity is maximal at 2–3 hours a ter inhalation.

Ipratropium bromide is a muscarinic cholinergic 
antagonist that blocks the receptor in the bronchial 
smooth muscle and epithelium, thereby reducing the 
bronchoconstricting e ects o  increased vagal or para-
sympathetic tone. Ipratropium typically is not a  rst-
line therapy in asthma due to its delayed onset o  
action (maximal by 30–60 minutes and lasting 
6–8 hours), as well as its in erior ef cacy in treating 
bronchospasm compared to β 2-agonists. However, in 
COPD, it may be equally e ective or even superior to 
β 2-agonists, since vagal tone is  requently the only 
modi able  actor in this disease. Ipratropium has little 
e ect on normal airways. 
 Ipratropium can be delivered via nebulizer or 
metered-dose inhaler, where it is  requently combined 
with a β 2-agonist (e.g., Combivent). Side e ects are 
minimal, since there is little systemic activity. Notably, 
even though increased cholinergic activity results in 
increased mucus production, antagonism o  pulmo-
nary cholinergic receptors by ipratropium does not 
have any appreciable e ect on decreasing mucus 
production.

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

DIRECTIONS: For each o  the numbered phrases or 
statements below, select the ONE lettered heading that is 
most closely associated with it. Each lettered heading 
may be selected once, more than once, or not at all.
 (A) albuterol
 (B) antihistamines
 (C) anti-IgE receptor therapy
 (D) corticosteroids
 (E) cromolyn
 (F) dextromethorphan
 (G) magnesium sul ate
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 (H) methylxanthines
 (I) leukotriene antagonists
 (J) phosphodiesterase inhibitors

 12. Side e ects include osteoporosis and cataracts. 

 (D) corticosteroids

Steroids are a mainstay o  therapy  or moderate to severe 
asthma, and in patients with mild asthma who are tak-
ing β 2-agonists more than twice weekly. In contrast, the 
bene t in COPD is  ar less impressive, with no apparent 
short-term anti-in ammatory e ect and no e ect on 
the progression o  the disease. Steroids do appear to 
reduce the number o  COPD exacerbations in severe 
disease. Corticosteroids are  requently combined with 
either an inhaled β 2-agonist or an inhaled anticholiner-
gic to provide additive or synergistic therapy. T ere are 
multiple proposed mechanisms o  action (Figure 18-1), 
but the primary value is in reducing in ammation in the 
bronchial tissue. A limiting  actor in the use o  cortico-
steroids is the lengthy list o  o ten serious side e ects, 
especially with high and/or prolonged dosing. T ese 

adverse e ects include adrenal insuf ciency, easy 
bruising, osteoporosis, hypertension, peptic ulceration, 
glucose intolerance/diabetes, cataracts, psychosis, and 
increased susceptibility to in ection.

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011. 

 13. A second-line anti-in ammatory agent that blocks the 
arachidonic acid pathway. 

 (I) Leukotriene antagonists

Leukotrienes are a type o  in ammatory mediator pro-
duced primarily in mast cells and basophils. T e initial 
step is the conversion o  membrane phospholipids to 
arachidonic acid, which is then oxidized by 5-lipoxygenase 
to one o  several leukotriene subtypes. T ese act both to 
sustain in ammatory reactions by cell signaling and to 
cause bronchial constriction directly.
 Anti-leukotriene drugs (e.g., montelukast, za rlu-
kast) are taken orally, and inhibit bronchoconstriction 
caused by a variety o  stimuli such as cold air, allergens, 
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FIG. 18-1. Effect of corticosteroids on inflammatory and structural cells in the airways. (Reproduced with permission from Brunton LL, 
Chabner BA, Knollman BC. Goodman & Gilman’s the Pharmacological Basis of Therapeutics. 12th ed. New York, NY: McGraw Hill; 2011.)
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exercise, and aspirin (in aspirin-sensitive individuals). 
T ey have been shown to reduce the amount o  
β 2-agonist medication required in asthma, but are not 
as e ective as inhaled corticosteroids or β 2-agonists 
alone. T ere ore, they should be considered second-
line therapy.

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 14. An injectable medication indicated  or severe asthma 
that reduces corticosteroid requirements.

 (C) anti-IgE receptor therapy

Omalizumab is a monoclonal antibody directed against 
IgE receptors on mast cells. By blocking these recep-
tors, it prevents their activation by allergens and the 
subsequent release o  in ammatory mediators. Most 
use ul in severe asthma, the antibody is injected subcu-
taneously 1–2 times per month, and has been shown to 
reduce both the amount o  systemic and inhaled steroids 
as well as the number o  acute asthma exacerbations. 
Cost is a limiting  actor, and the therapy is usually 
reserved  or those patients who are poorly controlled on 
maximal β 2-agonist and corticosteroid regimens.

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.
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 CHAPTER 19 

Hematologic and Renal Pharmacology

DIRECTIONS: For questions 1–3, each group o  items 
below consists o  lettered headings  ollowed by a list o  
numbered phrases or statements. For each numbered 
phrase or statement, select the ONE lettered heading or 
component that is most closely associated with it and f ll 
in the circle containing the corresponding letter on the 
answer sheet. Each lettered heading or component may 
be selected once, more than once, or not at all.
 (A) aspirin
 (B) abciximab
 (C) clopidogrel
 (D) dabigatran
 (E) enoxaparin
 (F)  ondaparinux
 (G) hirudin
 (H) rivaroxaban
 (I) war arin
 (J) un ractionated heparin

 1. An orally administered direct thrombin inhibitor. 

 2. An intravenous agent that inhibits platelet aggregation 
by binding to the glycoprotein IIb/IIIa receptor. 

 3. An orally administered direct inhibitor o   actor Xa. 

 4. Compared to un ractionated heparin (UFH), low-
molecular-weight heparin (LMWH) has all o  the  
 ollowing advantages EXCEP : 

 (A) Greater bioavailability when given by subcutane-
ous injection.

 (B)  he anticoagulant response is highly correlated 
to body weight.

 (C) Signi icantly less likely to develop heparin-
induced thrombocytopenia.

 (D) Duration o  action is shorter, permitting easier 
titration to e  ect.

 (E) Can be sa ely used in the outpatient setting.

 5. Which o  the  ollowing is MOS  accurate regarding 
interactions between war arin and other drugs? 

 (A) Barbiturate use results in a decreased dose 
requirement o  war arin.

 (B) Metronidazole use results in a signi icant 
increase in plasma concentrations o  war arin.

 (C) Non-selective NSAIDs are contraindicated  
during war arin use.

 (D) Amiodarone may be used sa ely with war arin.
 (E) Phenytoin use results in a decreased dose 

requirement o  war arin.
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 6. Which o  the  ollowing statements regarding the mon-
itoring o  the e ect o  anticoagulant drugs is LEAS  
accurate?

 (A)  he e  ect o  clopidogrel can be quanti ied by 
P /INR.

 (B) Patients taking war arin should be maintained at 
an INR between 2 and 3  or most indications.

 (C) Patients receiving a heparin in usion should be 
monitored using the partial thromboplastin time.

 (D) Monitoring o  anti- actor Xa levels is recom-
mended when prescribing enoxaparin in preg-
nant patients.

 (E)  here is no reliable means by which to monitor 
the e  ect o  the direct thrombin inhibitor dabig-
atran.

 7. A patient has been receiving subcutaneous heparin  or 
5 days while on the ward. Which o  the  ollowing tests 
should be ordered prior to placing a thoracic epidural 
 or a colectomy? 

 (A) prothrombin time (P )
 (B) partial thromboplastin time (P  )
 (C) international normalized ratio (INR)
 (D)  ibrinogen level
 (E) complete blood count

 8. Which o  the  ollowing BES  describes the main toxic-
ity o  clopidogrel? 

 (A) renal  ailure
 (B) thrombotic thrombocytopenic purpura (  P)
 (C) neutropenia
 (D) bleeding
 (E) rash

 9. Which o  the  ollowing statements regarding acute nor-
movolemic hemodilution (ANH) is LEAS  correct?

 (A) ANH is indicated  or cases where expected 
blood loss is > 2 units.

 (B) Collected blood may be stored at room tempera-
ture  or up to 4 hours be ore re rigeration is 
required.

 (C) Some Jehovah’s Witnesses will accept blood  
collected via ANH.

 (D)  issue per usion is increased due to a reduction 
in blood viscosity.

 (E)  he e  icacy o  ANH is unproven.

 10. Which o  the  ollowing is LEAS  likely to be a com-
plication related to intraoperative blood salvage? 

 (A) air embolism
 (B) in ection
 (C) anaphylaxis
 (D)  at embolism
 (E) disseminated intravascular coagulation (DIC)

 11. Which o  the  ollowing statements regarding the use o  
erythropoietin to treat preoperative anemia is LEAS  
accurate? 

 (A) Erythropoietin acts on peritubular cells o  the 
kidney. 

 (B)  he usual dosing schedule is three weekly doses 
leading up to surgery, plus a  ourth dose on the 
day o  surgery.

 (C) Iron supplementation is required  or maximal 
e  icacy.

 (D) Erythropoietin minimizes perioperative exposure 
to allogeneic blood trans usion in major ortho-
pedic and cardiac surgical patients.

 (E) Erythropoietin is associated with increased risk 
o  deep venous thrombosis.

 12. Which o  the  ollowing statements regarding the toxic-
ity o  immunosuppressive therapies  or gra t-versus-
host disease is LEAS  accurate? 

 (A) Corticosteroid toxicities include aseptic vascular 
necrosis, hypertension and osteoporosis.

 (B) Methotrexate toxicities include hepatotoxicity 
and renal injury.

 (C) Cyclosporine toxicities include renal injury and 
elevated bilirubin.

 (D) Antithymocyte globulin toxicities include  
cardiomyopathy and lung injury.

 (E) Hydroxychloroquine toxicities include visual 
disturbances.
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 13. In the kidney, hydrochlorothiazide and other thiazide 
diuretics act as inhibitors at which o  the  ollowing 
sites?

 (A) Na+ -K+ -2Cl-  symport
 (B) Na+ -Cl-  symport
 (C) renal epithelial Na+  channels 
 (D) mineralocorticoid receptors 
 (E) nonspeci ic cation channels

 14. Which o  the  ollowing diuretics is considered a  
K+ -sparing diuretic?

 (A) triamterene
 (B) hydrochlorothiazide
 (C)  urosemide
 (D) mannitol
 (E) acetazolamide

 15. Chronic administration o   urosemide will result in 
decreased renal excretion o  which o  the  ollowing?

 (A) sodium
 (B) chloride
 (C) bicarbonate 
 (D) potassium 
 (E) uric acid

 16. A ter acute administration o  a diuretic, a patient notes 
tinnitus and hearing impairment. Which o  the  ollow-
ing diuretics is most likely to cause ototoxicity?

 (A) amiloride
 (B) acetazolamide
 (C) hydrochlorothiazide 
 (D)  urosemide
 (E) mannitol

 17. A patient at risk o  perioperative acute kidney injury 
(AKI) is administered an in usion o  low-dose dopamine 
(1–3 mcg/kg/min). T eoretically, what is the potential 
bene t o  using dopamine  or renal protection?  

 (A) D1 receptor mediated increase in mean blood 
pressure and heart rate  

 (B) D2 receptor mediated natriuresis
 (C) D1 receptor mediated diuresis
 (D) D1 receptor mediated activation o  Na+ -H+  

exchanger in distal convoluted tubule
 (E) D2 receptor mediated renal vasodilatation
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DIRECTIONS: For questions 1–3, each group o  items 
below consists o  lettered headings  ollowed by a list o  
numbered phrases or statements. For each numbered 
phrase or statement, select the ONE lettered heading or 
component that is most closely associated with it and f ll 
in the circle containing the corresponding letter on the 
answer sheet. Each lettered heading or component may 
be selected once, more than once, or not at all.
 (A) aspirin
 (B) abciximab
 (C) clopidogrel
 (D) dabigatran
 (E) enoxaparin
 (F)  ondaparinux
 (G) hirudin
 (H) rivaroxaban
 (I) war arin
 (J) un ractionated heparin

 1. An orally administered direct thrombin inhibitor. 

 (D) dabigatran

T e clotting cascade begins with an injury to the vessel 
wall, exposing tissue  actor ( F) to the circulating 
blood (Figure 19-1). Factor VIIa and  F combine to 
 orm a complex that activates  actor X. T is can occur 
either directly, or indirectly by activation o   actor IX. 
Factor Xa catalyzed the conversion o  prothrombin to 
thrombin, which then converts soluble  brinogen into 
insoluble  brin strands. Lastly, these strands are cross-
linked by  actor XIII to  orm a blood clot.
 Since the  nal common pathway to  brin genera-
tion involves thrombin, this serine protease has become 
a target  or anticoagulant drugs. T ese include intrave-
nous inhibitors o  thrombin such as recombinant hiru-
din (derived  rom the salivary gland o  medicinal 
leeches), bivalirudin, and argatroban, as well as the 

Answers and Explanations: 
Hematologic and Renal Pharmacology
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FIG. 19-1. A model of blood coagulation. With tissue factor (TF), 
factor VII forms an activated complex (VIIa-TF) that catalyzes the 
activation of factor IX to factor IXa. Activated factor XIa also 
catalyzes this reaction. Tissue factor pathway inhibitor (TFPI) 
inhibits the catalytic action of the VIIa-TF complex. The cascade 
proceeds as shown, resulting ultimately in the conversion of 
fibrinogen to fibrin, an essential component of a functional clot. 
The two major anticoagulant drugs, heparin and warfarin, have 
very different actions. Heparin, acting in the blood, directly 
activates anticlotting factors, specifically antithrombin, which 
inactivates the factors enclosed in rectangles. Warfarin, acting in 
the liver, inhibits the synthesis of the factors enclosed in circles. 
Proteins C and S exert anticlotting effects by inactivating 
activated factors Va and VIIIa. (From: Katzung BG, Masters SB, 
Trevor AJ. Basic and Clinical Pharmacology. 12th ed. (LANGE Basic 
series). New York, NY: McGraw Hill; 2012.)
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orally administered thrombin inhibitor dabigatran 
(trade name Pradaxa). Unlike heparin, which can only 
inactivate  ree thrombin, these drugs can inactivate 
 brin-bound thrombin. Dabigatran is used primarily 
 or the prevention o  stroke in atrial  brillation and  or 
venous thromboembolism prophylaxis in patients 
undergoing total joint replacement.
 While the hal -li e o  dabigatran is relatively short 
(healthy patients: 12–17 hrs), there is no reliable 
method by which to monitor the e ect o  the drug 
(e.g. P  , INR). In addition, reversal o  the drug e ect 
is challenging and until recently, there was no antidote. 
In late 2015, the FDA approved a monoclonal anti-
body (idarucizumab) which has been shown to reverse 
the anticoagulant e ect within minutes. While appar-
ently e ective, the high cost o  this agent may limit its 
widespread use. 

Re : Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012.

 2. An intravenous agent that inhibits platelet aggregation 
by binding to the glycoprotein IIb/IIIa receptor. 

 (B) abciximab

Abciximab is an intravenous glycoprotein IIb/IIIa 
receptor antagonist primarily used during percutane-
ous coronary interventions such as angioplasty and/or 
stenting. T e onset is rapid, and platelet aggregation is 
reduced to less than 20% o  baseline within 10 minutes 
o  commencement o  in usion. T e plasma elimina-
tion hal -li e is approximately 30 minutes, but the time 
to normal  unction o  platelets is usually 24–48 hours. 
Conversely, platelet  unction returns to normal much 
 aster (4–8 hours) a ter discontinuing in usion o  the 
other two intravenous GPIIb/IIIa inhibitors, tiro ban 
and epti batide. T e rapid onset and o set o  these 
intravenous antiplatelet agents distinguish them  rom 
oral antiplatelet medications.
 T e GPIIb/IIIa receptor  unctions mainly as a 
receptor  or  brinogen, and to a lesser extent 
vitronectin, von Willebrand  actor, and  bronectin. 
Since each molecule o   brinogen can bind two GPIIb/
IIIa receptors, this leads to cross-linking o  platelets. 
T ere are approximately 50,000–80,000 GPIIb/IIIa 
receptors on the sur ace o  each platelet.

Re : Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012.

 3. An orally administered direct inhibitor o   actor Xa. 

 (H) rivaroxaban

T e conversion o   actor X to  actor Xa is the  rst step 
common to both intrinsic and extrinsic coagulation 
pathways.  wo commonly used direct inhibitors o   ac-
tor Xa include  ondaparinux and rivaroxaban. In gen-
eral, both o  these drugs have a rapid onset, with a peak 
anticoagulant e ect within 2–4 hours, as well as stable 
pharmacokinetics that result in a predictable e ect pro-
 le. Fondaparinux is a synthetic heparin pentasaccha-
ride that is administered subcutaneously, and there ore 
has limited appeal as a long-term outpatient therapy.
 Rivaroxaban is an oral anti- actor Xa drug used  or 
stroke prevention in atrial  brillation and thrombo-
prophylaxis  ollowing total joint replacement. It inhib-
its both  ree  actor Xa and  actor Xa bound to  actor Va 
in the prothrombinase complex. While its e ects gen-
erally last approximately 8–2 hours,  actor Xa activity 
may not return to normal until 24 hours a ter the last 
dose. T ere is no antidote to rivaroxaban currently 
available to reverse this e ect, and major bleeding epi-
sodes can be complicated by this. 

Re : Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012.

 4. Compared to un ractionated heparin (UFH), low-
molecular-weight heparin (LMWH) has all o  the  
 ollowing advantages EXCEP : 

 (A) Greater bioavailability when given by subcutane-
ous injection.

 (B)  he anticoagulant response is highly correlated 
to body weight.

 (C) Signi icantly less likely to develop heparin-
induced thrombocytopenia.

 (D) Duration o  action is shorter, permitting  
easier titration to e  ect.

 (E) Can be sa ely used in the outpatient setting.

Heparins exert their e ect by binding with circulating 
antithrombin and inducing a con ormational change 
that exposes the active site  or binding with clotting 
 actor proteases (thrombin,  actor IXa and  actor Xa). 
Normally the inhibition o  these proteases by anti-
thrombin is a slow reaction; heparin accelerates the 
rate 1,000- old. LMWH have been shown to be as 
e ective as UFH  or several indications, such as prevention 
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and treatment o  venous thromboembolism. Un rac-
tionated heparin contains heparin molecules o  vary-
ing sizes, ranging  rom 5,000 to 30,000 Daltons. Only 
one third o  all molecules in UFH are estimated to be 
capable o  exerting the anticoagulant e ect. However, 
UFH is active on all three coagulation  actors. In con-
trast, LMWHs inactivate  actor Xa, with a much more 
limited e ect on thrombin. 
 Purported advantages to LMWH over UFH include:
•  greater bioavailability than UFH when administered 

subcutaneously
•  an anticoagulant response that correlates well with 

body weight; this allows  or the prescription o  a 
 ixed dose

•  a prolonged duration o  e  ect due to reduced bind-
ing to macrophages and endothelial cells, allowing 
 or dosing every 12–24 hours

•  no need  or laboratory monitoring, due to stable and 
predictable pharmacokinetics (as well as the poor 
correlation between anti-Xa activity and clinical 
bleeding)

•   ewer side e  ects such as heparin-induced thrombo-
cytopenia or osteoclast-mediated osteoporosis

•  ease and sa ety o  administration at home
One disadvantage o  LMWH is that reversal is incom-
plete with protamine. Protamine is relatively e ective 
in neutralizing the antithrombin activity, but much 
less e ective at reversing the anti- actor Xa activity. No 
other reversal agent exists  or use with LMWH.

Re : Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012.

 5. Which o  the  ollowing is MOS  accurate regarding 
interactions between war arin and other drugs? 

 (A) Barbiturate use results in a decreased dose 
requirement o  war arin.

 (B) Metronidazole use results in a signi icant 
increase in plasma concentrations o  war arin.

 (C) Non-selective NSAIDs are contraindicated  
during war arin use.

 (D) Amiodarone may be used sa ely with war arin.
 (E) Phenytoin use results in a decreased dose 

requirement o  war arin.

Barbiturates are cytochrome P450 isoenzyme induc-
ers. As such, they increase the metabolism o  war arin 
and decrease the P /INR. Dosage increases o  30% to 

60% are  requently required to maintain adequate 
anticoagulation  ollowing barbiturate initiation. 
 Similarly, phenytoin induces a number o  CYP iso-
enzymes, resulting in an accelerated rate o  metabo-
lism and a requirement  or dosage increase. However, 
this e ect is initially masked by a transient increase in 
war arin e ect that may be caused by displacement o  
war arin  rom protein-binding sites by phenytoin. 
Eventually, these are overcome by the enzymatic 
induction e ects.
 Metronidazole is an inhibitor o  CYP2C9, the prin-
cipal enzyme responsible  or war arin metabolism. 
T is has been shown to result in a signi cant increase 
in the hal -li e and e ect o  the S-isomer o  racemic 
war arin (R-isomer pharmacokinetic and pharmaco-
dynamic e ects were unchanged). Increases in the pro-
thrombin time o  up to 10- old and multiple reports o  
an increased prevalence o  serious hemorrhage have 
been documented. Amiodarone also likely inhibits one 
or more o  the enzymes that metabolize war arin, and 
its co-administration has been shown to cause a delayed 
onset (a week or more) as well as an e ect that may last 
 or several weeks  ollowing cessation o  amiodarone.
 Most studies have shown little to no e ect o  non-
selective NSAIDs on war arin e ect, although there 
are scattered reports o  minor increases in the pro-
thrombin time or cases o  minor bleeding. While not 
contraindicated, care should be taken when prescrib-
ing drugs that have an e ect on platelet  unction while 
on war arin.

Re : Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012.

 6. Which o  the  ollowing statements regarding the mon-
itoring o  the e ect o  anticoagulant drugs is LEAS  
accurate?

 (A) The e  ect o  clopidogrel can be quanti ied by 
PT/INR.

 (B) Patients taking war arin should be maintained at 
an INR between 2 and 3  or most indications.

 (C) Patients receiving a heparin in usion should be 
monitored using the partial thromboplastin time.

 (D) Monitoring o  anti- actor Xa levels is recom-
mended when prescribing enoxaparin in preg-
nant patients.

 (E)  here is no reliable means by which to monitor 
the e  ect o  the direct thrombin inhibitor  
dabigatran.
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Clopidogrel as well as prasugrel and ticlopidine reduce 
platelet aggregation by binding to P2Y12 receptors on 
the platelet sur ace, thereby inhibiting ADP-induced 
stimulation o  GPIIb/IIIa receptors. Standard tests o  
coagulation (P /P  /INR) are not a ected by these 
drugs. T ere are several laboratory and point-o -care 
tests that can determine the degree o  platelet aggrega-
tion or P2Y12 receptor inhibition (e.g., the Veri yNow 
P2Y12 assay and Multiplate Analyzer). While these 
have been mostly the subject o  clinical trials, their use 
in daily decision making is growing.
 During war arin therapy, INR should be increased 
by 2–3 times unless speci cally indicated (e.g., caged 
ball or disk mechanical valves should be maintained at 
a range o  2.5–3.5). T ere is little therapeutic bene t to 
increasing the INR beyond 3.5–4, and these increases 
are associated with increased risk o  bleeding.
 Un ractionated heparin in usions should be moni-
tored regularly and titrated to e ect using the partial 
thromboplastin time (P  ). In contrast, low molecular 
weight heparins (LMWHs) have predictable pharma-
cokinetics and pharmacodynamics, and are typically 
not monitored. Exceptions to this include obese 
patients, pregnant patients, and those with renal 
impairment, mainly due to altered pharmacokinetics. 
Pregnant women have an increased volume o  distribu-
tion and an increased renal clearance o  LMWH com-
pared to nonpregnant women, which results in lower 
peak anti- actor Xa activity levels. T e peak anti- actor 
Xa levels also tend to occur later a ter injection (i.e.,  
4 hours versus 2 hours). 
 T e direct thrombin inhibitors have no means o  
monitoring activity. 

Re : Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012.

 7. A patient has been receiving subcutaneous heparin  or 
5 days while on the ward. Which o  the  ollowing tests 
should be ordered prior to placing a thoracic epidural 
 or a colectomy? 

 (A) prothrombin time (P )
 (B) partial thromboplastin time (P  )
 (C) international normalized ratio (INR)
 (D)  ibrinogen level
 (E) complete blood count

Heparin-induced thrombocytopenia (HI ) is a disor-
der that occurs in 15–40% o  patients who are treated 

with heparin  or 4 days or longer.  ype I HI  is a 
milder, reversible  all in platelet count.  ype II is more 
serious and relates to an immune-mediated destruc-
tion o  platelets by the  ormation o  antibodies against 
the heparin-platelet  actor 4 complex. T is typically 
leads to a  all in the platelet count > 50%. HI  is most 
 requent in  emale surgical patients receiving un rac-
tionated (vs. LMW) heparin.  ype II HI  is also 
associated with venous or arterial thrombosis, perhaps 
due to release o  procoagulants  rom activated plate-
lets. Any patient who has been receiving heparin  or 
longer than 3 days should be screened  or HI  with a 
platelet count (i.e., CBC) prior to instrumentation o  
the neuraxial space.

Re : Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012.

 8. Which o  the  ollowing BES  describes the main toxic-
ity o  clopidogrel? 

 (A) renal  ailure
 (B) thrombotic thrombocytopenic purpura (  P)
 (C) neutropenia
 (D) bleeding
 (E) rash

Bleeding is the most common and the most serious 
adverse e ect o  clopidogrel use. Minor bleeding epi-
sodes occur in 5% o  patients, while major bleeding 
episodes occur in a  urther 4%. Gastrointestinal bleed-
ing occurs in 2%. Clopidogrel use is contraindicated 
in patients with active pathological (i.e., not surgical) 
bleeding or intracranial hemorrhage. Risk  actors  or 
bleeding while taking clopidogrel include age over 
74 years, recent bleeding episodes or surgery, weight 
< 60 kg, and concomitant use o  drugs that impair 
coagulation or platelet e ect (e.g., heparin, war arin).
   P cases, some  atal, have been reported, but are 
rare. Rash is  airly uncommon (4%) and is usually sel -
limiting and mild. Neutropenia is very rare and is a 
side e ect seen more commonly with the older thieno-
pyridine drug, ticlopidine, with an incidence o  1%.
 Clopidogrel’s antiplatelet e ect lasts approximately 
7–10 days. Discontinuation o  these medications prior to 
surgery can be a complicated clinical decision involving 
the weighing o  risk-bene t, especially i  the indication 
 or clopidogrel is  or prevention o  coronary thrombosis 
 ollowing percutaneous stenting. Multidisciplinary dis-
cussion with anesthesiology, cardiology, and surgery is 
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warranted in these cases. T e American Society o  
Regional Anesthesia and Pain Medicine Consensus 
Guidelines regarding regional anesthesia and antithrom-
botic therapy suggests a delay o  7 days a ter discontinua-
tion o  clopidogrel therapy be ore instrumenting the 
neuraxis. However, there are reports o  the use o  point-
o -care testing (e.g., Veri yNow P2Y12 assay) to gauge the 
degree o  inhibition o  P2Y12 receptors and aid decision 
making in those emergency cases where practitioners wish 
to per orm a neuraxial anesthetic. 

Re : Katzung BG, Masters SB,  revor AJ. Basic and Clinical 
Pharmacology. 12th ed. (LANGE Basic series). New York, 
NY: McGraw Hill; 2012.

 9. Which o  the  ollowing statements regarding acute nor-
movolemic hemodilution (ANH) is LEAS  correct?

 (A) ANH is indicated  or cases where expected 
blood loss is > 2 units.

 (B) Collected blood may be stored at room tem-
perature  or up to 4 hours be ore re rigeration 
is required.

 (C) Some Jehovah’s Witnesses will accept blood  
collected via ANH.

 (D)  issue per usion is increased due to a reduction 
in blood viscosity.

 (E)  he e  icacy o  ANH is unproven.

T e principle o  ANH is to remove  resh whole blood 
 rom the patient prior to the commencement o  surgery, 
while maintaining blood volume with crystalloid or col-
loid, so that blood lost during the procedure is o  a lower 
hemoglobin concentration. Once the major blood loss 
has occurred, the patient’s blood can then be trans used 
to elevate the  nal hemoglobin concentration. 
 ANH is typically considered in young, healthy 
patients with good initial hemoglobin concentration 
(> 12 g/dL), who are expected to lose two or more units 
o  blood (about 900–1,000 ml). Some Jehovah’s 
Witnesses will agree to ANH i  the blood remains in a 
closed-circuit system. Contraindications include 
patients with cardiac disease who may not tolerate the 
induced anemia, those with impaired renal  unction 
(since large amounts o   uid will need to be  ltered), 
baseline hemoglobin < 12 g/dL, or technical problems 
such as lack o  appropriate vascular access.
 T e volume o  blood that can be drawn will vary 
depending on the patient’s initial blood volume, the 
type o  procedure, and the anticipated surgical blood 

loss. Many anesthesiologists aim to reduce the hemo-
globin to a concentration o  8–9 g/dL be ore surgery 
begins. A simple calculation can be used to determine 
the amount o  blood that should be removed to achieve 
a target hemoglobin:

V =  EBV ×  (Hbinit -  Hbdesired) ÷  Hbaverage

where EBV is estimated blood volume, Hbinit is the ini-
tial hemoglobin concentration, Hbdesired is the desired 
hemoglobin concentration, and Hbaverage is the average 
o  the initial and the desired. Blood is obtained by con-
necting standard blood collection tubing to a large vein 
or a peripheral artery and allowing standard blood bags 
containing anticoagulant to  ll. T ese are then labeled, 
numbered, and weighed. According to the AABB 
( ormerly the American Association o  Blood Banks), 
blood can stored at room temperature in the operating 
room  or 8 hours; i  not used within that time, it can 
be stored at 1–6°C  or 24 hours. T e blood should be 
returned in the reverse order it was collected, so that the 
 rst bag, with the highest number o  red cells, platelets, 
and coagulation  actors, is given last.
 While arterial oxygen content is reduced, compensa-
tory hemodynamic changes occur. T e reduced viscosity 
decreases systemic vascular resistance and improves 
venous return to the heart by enhanced peripheral 
venous  ow. T e increased preload and decreased a ter-
load increase the stroke volume and the cardiac output.
 A purported advantage o  ANH is reduction o  
exposure to allogeneic blood with its host o  potential 
risks. However, despite its theoretical attractiveness as a 
technique, there is little evidence supporting its ef cacy. 
A 2004 meta-analysis concluded that the ef cacy is 
likely to be small i  at all present, and that bleeding and 
allogeneic blood requirements are only mildly reduced.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.

 10. Which o  the  ollowing is LEAS  likely to be a com-
plication related to intraoperative blood salvage? 

 (A) air embolism
 (B) in ection
 (C) anaphylaxis
 (D)  at embolism
 (E) disseminated intravascular coagulation (DIC)

Intraoperative blood salvage (IBS) is a procedure 
whereby shed blood is collected, anticoagulated, 
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centri uged, washed, and then re-suspended in saline 
to provide bags o  autologous cells with a hematocrit 
o  approximately 50–70%. IBS reduces the require-
ments  or allogeneic trans usion by 40% with a good 
sa ety pro le. It is indicated  or a wide variety o  sur-
gical procedures, and contraindications are  ew. 
T ese include the surgical use o  collagen hemostatic 
agents, betadine or hydrogen peroxide, and blood-
borne in ections that could endanger the health care 
workers i  the IBS apparatus mal unctioned.
 T ree other situations (malignancy, bacteremia, and 
obstetrics) have been cited as contraindications, but all 
three are controversial and should be decided on a case-
by-base basis. Concern regarding hematogenous seeding 
o  cancer cells during surgery  or malignancy has largely 
been shown to be unwarranted, as the evidence shows no 
greater risk  or recurrence in urologic cancer surgery. Sim-
ilarly, there is no evidence that amniotic  uid embolus 
rates are higher when IBS is used than when it is not. In 
both situations, the use o  a leukodepletion  lter is advo-
cated to  lter out cells and debris. IBS use during surgery 
on in ected/contaminated tissue is also controversial, but 
appears to be sa e, provided the area is thoroughly irri-
gated be orehand and prophylactic antibiotics are used.
 Complications include:
•  air embolism (prevented by using in-line air detectors)
•   at embolism (prevented by washing and using a 

microaggregate  ilter  or in usion)
•  in ection (prevented by using prophylactic antibiotics 

and avoiding aspirating grossly contaminated sites)
•  coagulopathy (prevented by washing the salvaged 

blood)
•  “salvaged blood syndrome.”  his re ers to the develop-

ment o  DIC and/or increased capillary permeability 
in the lungs (ARDS) or periphery (peripheral edema) 
a ter trans usion o  washed cells. It may be caused by 
activation o  platelets (DIC) and white blood cells 
(capillary leak) during salvage (prevented by using 
citrate as the anticoagulant, rather than heparin).

Anaphylaxis is not a typical complication o  IBS, but is 
more common in allogeneic blood trans usion.

Re : Kuppurao L, Wee M. Perioperative Cell Salvage. Contin 
Educ Anaesth Crit Care Pain. 2010;10(4):104–108.

 11. Which o  the  ollowing statements regarding the use o  
erythropoietin to treat preoperative anemia is LEAS  
accurate? 

 (A) Erythropoietin acts on peritubular cells o  the 
kidney. 

 (B)  he usual dosing schedule is three weekly doses 
leading up to surgery, plus a  ourth dose on the 
day o  surgery.

 (C) Iron supplementation is required  or maximal 
e  icacy.

 (D) Erythropoietin minimizes perioperative exposure 
to allogeneic blood trans usion in major ortho-
pedic and cardiac surgical patients.

 (E) Erythropoietin is associated with increased risk 
o  deep venous thrombosis.

Erythropoietin (EPO) is a glycoprotein growth  actor 
that is produced by the peritubular cells o  the kidney 
in response to hypoxia. It is the primary trigger  or 
erythropoiesis, acting on the bone marrow to stimu-
late red cell production. Recombinant human EPO is 
used in chronic renal  ailure, as well as in the preop-
erative setting in those patients who are anemic and 
undergoing preoperative autologous donation. EPO 
is also used  or those patients who are anemic and 
will not accept a blood trans usion  or religious 
reasons. 
 T e administration o  iron (oral or parenteral) with 
EPO maximizes the gains in red cell mass. One sys-
tematic review and several randomized controlled tri-
als have demonstrated that EPO is associated with 
signi cant reductions in perioperative allogeneic 
blood trans usion compared with placebo or preoper-
ative autologous donation. However, patients under-
going spinal surgery with pneumatic compression 
devices were more likely to develop deep venous 
thromboses i  they received EPO than i  they received 
placebo. In 2007, the FDA required manu acturers o  
erythropoiesis-stimulating agents such as EPO to 
carry a black box warning speci ying the increased risk 
o  deep venous thrombosis, and encouraging the use 
o  thromboprophylaxis in surgical populations receiv-
ing these drugs.

Re : Kumar A. Perioperative management o  anemia: limits o  
blood trans usion and alternatives to it. Cleve Clin J Med. 
2009;76(Suppl 4):S112–S118.
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 12. Which o  the  ollowing statements regarding the toxic-
ity o  immunosuppressive therapies  or gra t-versus-
host disease is LEAS  accurate? 

 (A) Corticosteroid toxicities include aseptic vascular 
necrosis, hypertension and osteoporosis.

 (B) Methotrexate toxicities include hepatotoxicity 
and renal injury.

 (C) Cyclosporine toxicities include renal injury and 
elevated bilirubin.

 (D) Antithymocyte globulin toxicities include  
cardiomyopathy and lung injury.

 (E) Hydroxychloroquine toxicities include visual 
disturbances.

Gra t-versus-host disease (GVHD) occurs when   cells 
 rom donor blood or bone marrow are engra ted and 
become activated in the presence o  host (“ oreign”) 
antigen.  ypically the host is immuno-incompetent, 
although immunocompetent hosts can su er GVHD 
as well. T e gra t begins to produce and secrete various 
in ammatory cytokines. T is leads to tissue damage o  
the host, particularly in the liver, skin, mucosa, and gas-
trointestinal system. Posttrans usion GVHD carries a 
mortality o  > 90%, most o  these a direct result o  
aplastic bone marrow. Since leukocyte reduction is not 
100% success ul in  ltering lymphocytes, irradiation o  
blood is indicated in high-risk patients. 
 Immunosuppressive and antirejection drugs are 
o ten targeted at components o  the cell-mediated 
immunologic system (e.g.,   lymphocytes). Several 
pharmacologic therapies are used  or both prevention 
and treatment o  gra t-versus-host disease, and are 
summarized in  able 19-1.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 
2012.

 13. In the kidney, hydrochlorothiazide and other thiazide 
diuretics act as inhibitors at which o  the  ollowing 
sites?

 (A) Na+ -K+ -2Cl-  symport
 (B) Na+ -Cl-  symport
 (C) renal epithelial Na+  channels 
 (D) mineralocorticoid receptors 
 (E) nonspeci ic cation channels

Hydrochlorothiazide and other thiazide diuretics are 
inhibitors o  Na+ -Cl-  symport. T e predominant site 
o  action is the distal convoluted tubule (DC ). Uri-
nary excretion o  sodium, potassium, and chloride is 
increased. Note that thiazide diuretics are relatively 
weak, as most sodium reabsorption (~90%) occurs 
proximal to the DC . Other classes o  diuretics include:
•  Inhibitors o  carbonic anhydrase (e.g., acetazolamide)—

primary site o  action is the proximal convoluted tubule. 
 his prevents reabsorption o  HCO3

- , leading to alka-
linization o  urine and increased renal excretion o  bicar-
bonate, phosphate, potassium, and sodium.

•  Osmotic diuretics (e.g., mannitol) act to increase the 
osmolality o  tubular  luid. Loop o  Henle is the pri-
mary site o  action. Mechanism o  action is increased 
water extraction and decreased medullary tonicity 
(by increasing renal blood  low).  his results in 
increased excretion o  most electrolytes.

•  Inhibitors o  Na+ -K+ -2Cl-  symport (e.g., loop 
diuretics such as  urosemide) inhibit the Na+ -K+ -
2Cl-  symporter in the thick ascending limb o  the 
loop o  Henle. Urinary excretion o  water and most 
electrolytes is increased, particularly sodium, chlo-
ride, calcium, and magnesium.

•  Inhibitors o  renal epithelial Na+  channels (e.g., 
potassium-sparing diuretics such as triamterene and 
amiloride) act in the distal tubule and collecting duct 
to increase sodium excretion. Blockade o  sodium 

TABLE 19-1. Common pharmacologic options for prevention and treatment of graft versus host disease.

Immunosuppressive drug  Mechanism of action  Serious toxicities

Corticosteroids  Unclear; may be suppression of pro-inflammatory 
cytokines

Infection, hyperglycemia, Cushing’s syndrome, 
psychosis, myopathy, avascular necrosis, osteoporosis

Methotrexate  Antimetabolite; inhibits dihydrofolate reductase, 
leading to impaired purine and thymidylate synthesis

Hepatotoxicity, lung injury, myelosuppression, renal 
tubular injury

Cyclosporine and tacrolimus  Interrupts T-cell signaling  Renal injury, hyperbilirubinemia
Sirolimus  Interrupts T-cell signaling  Elevated liver function tests, diarrhea
Mycophenolate  Blocks purine synthesis  Neutropenia
Antithymocyte globulin  Immunologic destruction of leukocytes  Serum sickness 
Hydroxychloroquine  Interferes with antigen presentation  Visual disturbances (difficulty with accommodation, 

blurred vision, photophobia, retinopathy)
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channels also results in membrane hyperpolarization 
and decreased excretion o  other cations such as K+ , 
H+ , Ca2+ , Mg2+ .

•  Antagonists o  mineralocorticoid receptors (e.g., 
potassium-sparing diuretics such as spironolactone) 
act via mineralocorticoid receptors in the distal 
tubule and collecting duct. Results are similar to tri-
amterene and amiloride, in that urinary sodium 
excretion increases while membrane hyperpolariza-
tion decreases excretion o  other cations such as K+ , 
H+ , Ca2+ , Mg2+ .

•  Inhibitors o  nonspeci ic cation channels (e.g., natri-
uretic peptides such as nesiritide) act at the inner 
medullary collecting duct to decrease sodium reab-
sorption.

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 14. Which o  the  ollowing diuretics is considered a  
K+ -sparing diuretic?

 (A) triamterene
 (B) hydrochlorothiazide
 (C)  urosemide
 (D) mannitol
 (E) acetazolamide

 riamterene is an example o  a potassium-sparing diuretic. 
Both triamterene and amiloride are examples o  diuretics 
that inhibit renal epithelial sodium channels. T e site o  
action  or these drugs are sodium channels on the luminal 
membrane o  principal cells in the distal tubule and col-
lecting duct. Usually, the epithelial sodium channel is a 
conduit  or sodium reabsorption, the gradient  or which 
is set up by the Na-K-A Pase on the basolateral mem-
brane o  the principal cell. Blockage o  the sodium chan-
nel by triamterene decreases the electrochemical gradient 
 or potassium (and other cation) excretion. Mineralocor-
ticoid receptor antagonists (e.g., spironolactone) are 
another class o  potassium-sparing diuretics. In general, 
mineralocorticoids such as aldosterone have a variety o  
intracellular actions that promote sodium reabsorption. 
Blockage o  the mineralocorticoid receptor decreases 
sodium reabsorption and, much like triamterene, alters 
the intracellular electrochemical gradient such that potas-
sium (and other cation) excretion is decreased.

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 15. Chronic administration o   urosemide will result in 
decreased renal excretion o  which o  the  ollowing?

 (A) sodium
 (B) chloride
 (C) bicarbonate 
 (D) potassium 
 (E) uric acid

In general, loop diuretics such as  urosemide will 
increase urinary excretion o  Na+ , Cl- , Ca+ , Mg+ , 
and H+ . T ese e ects are due to inhibition o  Na+ -
K+ -2Cl-  symport in the thick ascending limb o  the 
loop o  Henle. It is important to note that loop diuret-
ics may also have additional e ects. Furosemide also 
inhibits carbonic anhydrase, resulting in increased uri-
nary excretion o  HCO3

-  and phosphate. Acute 
administration o  loop diuretics will increase uric acid 
excretion while chronic administration o  loop 
diuretics will decrease uric acid excretion. T is 
decrease in uric acid excretion may be due to changes 
in uric acid handling in the proximal convoluted 
tubule.

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 16. A ter acute administration o  a diuretic, a patient notes 
tinnitus and hearing impairment. Which o  the  ollow-
ing diuretics is most likely to cause ototoxicity?

 (A) amiloride
 (B) acetazolamide
 (C) hydrochlorothiazide 
 (D)  urosemide
 (E) mannitol

Furosemide and other loop diuretics, particularly a ter 
rapid intravenous administration, may cause ototoxic-
ity (tinnitus, vertigo, hearing impairment, and even 
dea ness). Other side e ects o  loop diuretics include 
hyperuricemia and gout; hyperglycemia; increased 
plasma levels o  cholesterol, triglycerides, and low-
density lipoprotein; and bone marrow depression. 
Amiloride (and other potassium-sparing diuretics) 
may cause signi cant hyperkalemia.
 Other side e ects may include nausea, vomiting, 
and headache. Carbonic anhydrase inhibitors (e.g., 
acetazolamide) are sul onamide derivatives and may be 
associated with bone marrow depression and allergic 
hypersensitivity. Other side e ects include precipitation 
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o  calcium phosphate salts leading to ureteral colic and 
aggravating metabolic or respiratory acidosis. T iazide 
diuretics may rarely cause neurologic symptoms such 
as headache, paresthesias, or vertigo. T ey may also 
cause gastrointestinal symptoms such as nausea, vom-
iting, cholecystitis, and pancreatitis. Osmotic diuretics 
such as mannitol expand the volume o  the extracellu-
lar compartment. In patients with cardiac dys unction 
this may precipitate pulmonary edema. Other side 
e ects o  mannitol may include nausea, vomiting, and 
headache.  

Re : Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

 17. A patient at risk o  perioperative acute kidney injury 
(AKI) is administered an in usion o  low-dose dopamine 
(1–3 mcg/kg/min). T eoretically, what is the potential 
bene t o  using dopamine  or renal protection?  

 (A) D1 receptor mediated increase in mean blood 
pressure and heart rate  

 (B) D2 receptor mediated natriuresis
 (C) D1 receptor mediated diuresis
 (D) D1 receptor mediated activation o  Na+ -H+  

exchanger in distal convoluted tubule
 (E) D2 receptor mediated renal vasodilatation

Low-dose dopamine (1–3 mcg/kg/min) will cause a D1 
receptor mediated diuresis and increase in urine out-
put. T eoretically, low-dose dopamine acts speci cally 
on dopaminergic receptors, while at higher doses the 
α - and β -adrenergic receptor e ects o  dopamine pre-
dominate. T e dopaminergic e ects in the kidneys are 
mediated by the D1 receptor, which causes vasodilation 

o  renal vasculature. Renal vasodilation leads to an 
increase in renal blood  ow and glomerular  ltration 
rate. D1 receptor activation also increases cAMP levels 
in epithelial cells o  the proximal convoluted tubule 
and medullary thick ascending limb o  the loop o  
Henle. T is inhibits Na+ -H+  exchange and the Na+ -
K+ - A Pase, resulting in both natriuresis and diuresis. 
Although dopamine can increase renal blood  ow and 
urine output, it has NO  proven ef cacious in the 
treatment or prevention o  acute kidney injury (AKI). 
In general, the α 1- and β1-adrenergic receptor e ects 
o  progressively higher concentrations o  dopamine will 
increase heart rate and mean blood pressure, while  
systemic vascular resistance will initially decrease 
(β1-adrenergic receptor activation predominates) and 
then increase (α 1-adrenergic receptor activation pre-
dominates). T e dif culty in predicting the hemody-
namic or renal e ects o  any particular dose o  dopamine 
are due to the complex pharmacokinetics o  dopamine 
(as cardiac output increases, dopamine alters its own 
metabolism), resulting in wide inter-individual plasma 
concentrations o  dopamine  or any given in usion rate, 
meaning what is low-dose dopamine  or one patient 
may not be so  or another patient.

Re s: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics. 12th ed. 
New York, NY: McGraw Hill; 2011.

Johnson KB. Clinical Pharmacology for Anesthesiology. 1st ed. 
New York, NY: McGraw Hill; 2015.

Hussain  , Lokhandwala MF. Renal dopamine receptor 
 unction in hypertension. Hypertension. 1998;32: 
187–197.

MacGregor DA, Smith  E, Prielipp RC, et al. Pharmacokinet-
ics o  dopamine in healthy male subjects. Anesthesiology. 
2000;92(2):338–346.
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 CHAPTER 20

Physics

 1. Which o  the  ollowing most closely represents the 
equiv lent o  10 cm H2O?

 (A) 1.47 psi
 (B) 97 mb r
 (C) 7.4 mm Hg
 (D) 0.1 kP 
 (E) 0.5  tm

 2. Which o  the  ollowing best prevents the in dvertent 
connection o  the wrong g s cylinder to the  nesthesi  
m chine?

 (A) the Di meter Index S  ety System
 (B) the Pin Index S  ety System
 (C) yokes th t  re speci ic lly sized  or e ch type o  

g s
 (D) Dep rtment o   r nsport m rkings on cylinders
 (E) color-coding o  cylinders

 3. You  re delivering sed tion  t   remote site within  
the hospit l using  n E-cylinder o  oxygen  t 5 L/min. 
T e pressure g uge re ds 500 psi. How much longer 
will the t nk l st  pproxim tely?

 (A) 33 minutes
 (B) 66 minutes
 (C) 99 minutes
 (D) 120 minutes
 (E) 150 minutes

 4. T e pressure g uge o   n E-cylinder cont ining nitrous 
oxide re ds 745 psi. Wh t volume o  nitrous oxide is 
le t in the t nk?

 (A) 330 L
 (B) 660 L
 (C) 1,590 L
 (D) 2,000 L
 (E) un ble to determine with this in orm tion

 5. Which o  the  ollowing best describes the purpose o  
the oxygen cylinder regul tor in the  nesthesi  m chine?

 (A)  llow g s  low to commence when the v lve is 
turned counterclockwise

 (B) prevent cont min tion o  the cylinder with 
nitrous oxide

 (C) converts the upstre m pressure o  2,200 psi to   
downstre m pressure o  45 psi

 (D) prevents   hypoxic mixture  rom being delivered
 (E) provides oxygen to drive the bellows

 6. In the middle o    long c se, the  rteri l blood pressure 
tr nsducer   lls  rom its mount  nd is now h nging 
30 cm below its origin l position. Wh t is the result o  
this on the blood pressure v lues shown on the monitor?

 (A) Arteri l blood pressure will be underestim ted 
by  pproxim tely 30 mm Hg.

 (B) Arteri l blood pressure will be overestim ted by 
 pproxim tely 30 mm Hg.

 (C) Arteri l blood pressure will be underestim ted 
by  pproxim tely 20 mm Hg.

 (D) Arteri l blood pressure will be overestim ted by 
 pproxim tely 20 mm Hg.

 (E)  here will be no net e  ect since the tr nsducer 
is zeroed to  tmospheric pressure.
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 7. A p tient with tr che l tumor is prescribed   mixture 
o  oxygen  nd helium (heliox) in the critic l c re unit. 
Which property o  this g s mixture improves the  ow 
within the l rge  irw ys?

 (A) temper ture
 (B) density
 (C) viscosity
 (D) kinetic energy
 (E) miscibility

 8. A p tient presents to the oper ting room in hemor-
rh gic shock  rom   motor vehicle  ccident. In consid-
ering how best to resuscit te the p tient, which o  the 
 ollowing single physic l properties will best permit the 
most r pid  dministr tion o   uids  nd blood?

 (A) the length o  the intr venous c nnul 
 (B) the di meter o  the intr venous c nnul 
 (C) the density o  the  luid solution
 (D) the viscosity o  the  luid solution
 (E) the pressure di  erenti l between the IV b g  nd 

the vein

 9. Which o  the  ollowing incre ses the likelihood th t 
 ow in   tube will be turbulent,  nd not l min r?

 (A) low velocity
 (B) n rrow di meter tubes
 (C) decre sed density o   luids
 (D) decre sed viscosity o   luids
 (E) incre sed temper ture o   luids

 10. In designing the g s-speci c t pered gl ss tubes (T orpe 
tubes) used in v ri ble ori ce  owmeters, which o  the 
 ollowing   ctors must be t ken into  ccount to ensure 
precise me surements  t  ll  ow r tes?

 (A) the density o  the g s
 (B) the viscosity o  the g s
 (C) both the density  nd the viscosity o  the g s
 (D) neither the density nor the viscosity o  the g s
 (E) the solubility coe  icient o  the g s

 11. An ultr sound tr nsducer is pl ced over the r di l 
 spect o  the wrist in order to loc te the r di l  rtery. 
T e color Doppler  unction is  ctiv ted, but no color 
is seen on the gr ysc le screen. Which o  the  ollowing 
is the most likely expl n tion  or this?

 (A)  he ultr sound tr nsducer is not correctly posi-
tioned on the p tient.

 (B)  he p tient h s  n insu  icient  rteri l blood 
pressure.

 (C)  he ultr sound be m is directed (inson ted)  t 
 n  ngle o  90 degrees with respect to the  rtery.

 (D)  he g in on the color Doppler  unction is incor-
rectly set.

 (E) A Doppler shi t should not be expected in the 
r di l  rtery.

 12. All o  the  ollowing   ect the r te o  di usion o  g ses 
 cross   membr ne EXCEP :

 (A) molecul r size
 (B) p rti l pressure gr dient
 (C) solubility coe  icient o  the g s
 (D) viscosity o  the g s 
 (E) membr ne thickness

 13. Which o  the  ollowing st tements reg rding solubility 
o  g ses is  RUE?

 (A) At const nt temper ture, the  mount o  g s dis-
solved in liquid is inversely proportion l to the 
p rti l pressure o  the g s next to it.

 (B) Solubility o  g ses is incre sed with lower  
temper tures.

 (C) Solubility is incre sed with lower  tmospheric 
pressures.

 (D) Solubility o    g s is   negligible   ctor in the 
di  usion r te  cross the  lveol r-c pill ry  
inter  ce.

 (E)  he solubility o    vol tile  gent in olive oil is 
directly proportion l to its minimum  lveol r 
concentr tion (MAC). 
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 14. Which o  the  ollowing inh l tion l  gents h s the 
LOWES  blood/g s p rtition coef cient?

 (A) des lur ne
 (B) h loth ne
 (C) iso lur ne
 (D) nitrous oxide
 (E) sevo lur ne

 15. A g s th t is 100% s tur ted with w ter v por is he ted 
by 5°C. Which o  the  ollowing st tements concerning 
the humidity is true?

 (A) the rel tive humidity o  the g s incre ses
 (B) the rel tive humidity o  the g s decre ses
 (C) the  bsolute humidity o  the g s incre ses
 (D) the  bsolute humidity o  the g s decre ses
 (E) w ter condenses in the bre thing circuit

 16. Critic l temper ture is best de ned by which o  the 
 ollowing? 

 (A) the boiling point o    subst nce minus the melt-
ing point

 (B) the temper ture  bove which proteins den ture
 (C) the temper ture  bove which no  mount o   

pressure c n convert   g s to liquid
 (D) the temper ture  t which spont neous c rdi c 

 ctivity stops
 (E) the temper ture  t which, i  d ntrolene is not 

 dministered, m lign nt hyperthermi  is 95% 
leth l

 17. Critic l pressure is best de ned by which o  the  
 ollowing? 

 (A) the pressure  t which   subst nce begins to melt
 (B) the pressure  t which   subst nce begins to boil
 (C) the pressure  t which   subst nce condenses  t 

100% rel tive humidity
 (D) the pressure required to lique y   g s  t its  

critic l temper ture
 (E) the pressure required to sublim te   solid  t 

room temper ture

 18. A syringe with   known volume o  g s is compressed to 
h l  o  its volume while  tt ched to   pressure tr ns-
ducer. T e pressure rises  rom 20 mm Hg to 40 mm 
Hg (Figure 20-4). T is is  n ex mple o  which o  the 
 ollowing l ws?

20 mmHg

20 mmHg

FIG. 20-4. A volume o  gas compressed to hal  o  its original volume.

 (A) Henry’s L w
 (B) D lton’s L w
 (C) Boyle’s L w
 (D) Avog dro’s L w
 (E) P sc l’s L w

 19. You  re giving  nesthesi  in Denver ( tmospheric pres-
sure: 630 mm Hg). Your  resh g s mix is 50%  ir  nd 
50% oxygen. Wh t is the  pproxim te p rti l pressure 
o  oxygen delivered to the p tient ( ssuming dry g s 
with no w ter v por pressure)?

 (A) 100 mm Hg
 (B) 130 mm Hg
 (C) 315 mm Hg
 (D) 380 mm Hg
 (E) un ble to c lcul te with this in orm tion

 20. A p tient is being mech nic lly ventil ted in   critic l c re 
unit in S n Diego (se  level). He is receiving  n FiO2 o  
30%. A recent  rteri l blood g s shows the  ollowing: pH 
7.31, P CO2 50 mm Hg, P O2 133 mm Hg, HCO3

-   
19 mmol/L. Which o  the  ollowing  nswers best repre-
sents the p tient’s  lveol r- rteri l (A- ) gr dient?

 (A) 5 mm Hg
 (B) 8 mm Hg
 (C) 12 mm Hg
 (D) 18 mm Hg
 (E) 24 mm Hg
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 21. At   const nt temper ture, the  mount o  g s dissolved 
in   liquid is directly proportion l to the p rti l pres-
sure o  the g s in cont ct with the liquid. T is st te-
ment is best described  s:

 (A) P sc l’s l w
 (B) Henry’s l w
 (C) Boyle’s l w
 (D) D lton’s l w
 (E) Avog dro’s l w

 22. T e r te  t which  lveol r concentr tion o   nesthetic 
 gent rises to meet the inspired concentr tion (FA/FI) 
is prim rily determined by which p ir o    ctors?

 (A) c rdi c output  nd blood solubility
 (B) blood solubility  nd inspired concentr tion
 (C) c rdi c output  nd inspired concentr tion
 (D) minute ventil tion  nd inspired concentr tion
 (E) c rdi c output  nd minute ventil tion

 23. Which o  the  ollowing combin tion o    ctors serves 
to INCREASE the upt ke o   nesthetic  gent  rom the 
 lveoli, where PA-PV is the  lveol r-to-venous p rti l 
pressure di erence?

 (A) incre sed solubility; incre sed c rdi c output; 
incre sed PA-PV

 (B) incre sed solubility; decre sed c rdi c output; 
decre sed PA-PV

 (C) decre sed solubility; decre sed c rdi c output; 
incre sed PA-PV

 (D) decre sed solubility; decre sed c rdi c output; 
decre sed PA-PV

 (E) decre sed solubility; incre sed c rdi c output; 
incre sed PA-PV

 24. A gener l  nesthetic is being  dministered in   he lthy 
p tient  or bunion surgery. A ter 60 minutes o  bre th-
ing 2% sevo ur ne with    resh g s  ow o  2 L/min, 
which o  the  ollowing best represents the p rti l pres-
sures o  sevo ur ne  ound  t di erent loc tions,  rom 
highest to lowest?

 (A) Br in >  Muscle >  F t >  Circuit
 (B) Br in >  Circuit >  Muscle >  F t
 (C) Circuit >  Br in >  Muscle >  F t
 (D) Circuit >  Muscle >  Br in >  F t
 (E) Circuit >  Muscle >  F t >  Br in

 25. T e concentr tion o   n inh led  nesthetic is incre sed 
by     ctor o  5. T e resulting  lveol r concentr tion is 
incre sed by     ctor o  over 6. T is is  n ex mple o :

 (A) concentr tion e  ect
 (B) second g s e  ect
 (C) solubility e  ect
 (D) ventil tion e  ect
 (E) blood:g s p rtition e  ect

 26. T e incre se in  lveol r concentr tion o    vol tile 
 gent when nitrous oxide is used  s   c rrier g s is 
termed:

 (A) concentr ting e  ect
 (B) replenishment e  ect
 (C) second g s e  ect
 (D) c pill ry upt ke e  ect
 (E) ventil tion e  ect

 27. A tr um  p tient h s   sm ll (75 mL) unrecognized 
pneumothor x. Following intr venous induction o  
 nesthesi , she is m int ined with des ur ne in 50:50 
oxygen:nitrous oxide. A ter 30 minutes ( t ste dy 
st te), the volume o  the pneumothor x will be:

 (A) 25 mL
 (B) 50 mL
 (C) 75 mL
 (D) 150 mL
 (E) 225 mL
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 1. Which o  the  ollowing most closely represents the 
equiv lent o  10 cm H2O?

 (A) 1.47 psi
 (B) 97 mb r
 (C) 7.4 mm Hg
 (D) 0.1 kP 
 (E) 0.5  tm

Pressure is the r tio o   orce to the  re  over which it is 
 pplied. While the SI unit  or  orce is the p sc l (P ), 
which is equ l to 1 newton per squ re meter, other tr -
dition l non-SI units  re commonly used, especi lly in 
the United St tes. For ex mple, in  nesthetic pr ctice, 
pounds per squ re inch (psi) is used to describe cylinder 
 nd pipeline pressures. Pressure is commonly described 
by its  bility to displ ce   column o   uid;  or inst nce, 
millimeters o  mercury (mm Hg)  re used  or pressures 
within body systems (e.g.,  rteri l blood pressure, intr -
cr ni l pressure, tissue comp rtment pressure). T e use 
o  centimeters o  w ter (cm H2O) is typic lly con ned 
to me surement o   irw y pressure. However, the 
reporting o  centr l venous pressures using w ter 
m nometry in cm H2O is still rel tively common pr c-
tice  nd    requent source o  con usion  or tr inees. T e 
use o  electronic pressure tr nsducers is now  lmost 
univers l  or CVP monitoring,  nd these v lues  re 
reported in mm Hg. Millib r  nd  tmosphere units  re 
not typic lly used in clinic l medicine. A conversion 
t ble is presented in   ble 20-1.

TABLE 20-1. Approximate conversions between SI (kPa) and 
other common units o  pressure measurement.

kPa  cm H2O  mm Hg  mbar  psi  atm

1  10  7.4  9.7  0.147  0.01

Ref: Middleton B, Phillips J, T om s R, St cey S. Physics in 
Anesthesia. 1st ed. B nbury, UK: Scion Publishing; 2012.

 2. Which o  the  ollowing best prevents the in dvertent 
connection o  the wrong g s cylinder to the  nesthesi  
m chine?

 (A) the Di meter Index S  ety System
 (B) the Pin Index Safety System
 (C) yokes th t  re speci ic lly sized  or e ch type o  g s
 (D) Dep rtment o   r nsport m rkings on cylinders
 (E) color-coding o  cylinders

Connection o  the wrong cylinder o  g s to the oxygen 
yoke o   n  nesthesi  m chine presents   serious  nd 
 void ble h z rd. Color-coding o  cylinders w s  n 
e rly str tegy to prevent this,  lthough it did not pre-
vent hum n error. Moreover, the US convention  or 
color-coding oxygen  nd  ir di ers  rom the intern -
tion l convention (  ble 20-2). Since E-cylinders  re 
uni orm in size reg rdless o  the g s inside, the yokes 
must be  s well. T e Dep rtment o   r nsport does 
st mp m rkings perm nently onto the shoulder o  e ch 
cylinder, but they rel te to the service pressure  t   st n-
d rd temper ture, the m nu  cturer,  nd the seri l 
number, r ther th n the composition o  the g s inside.

TABLE 20-2. Color coding  or medical gas cylinders.a

Gas cylinder  US convention  International convention

Oxygen  Green  White
Carbon dioxide  Gray  Gray
Nitrous oxide  Blue  Blue
Helium  Brown  Brown
Nitrogen  Black  Black
Air  Yellow  White and black checkered
aOn your next break  rom studying, look up the 1947 movie “Green  or Danger” 
starring Alistair Sim, who plays a detective trying to solve a string o  operating 
room deaths. Spoiler alert: the title o  the f lm re ers in part to the medical gas 
cylinders used and a deliberate act o  sabotage.

 T e Pin Index S  ety System consists o    series o  
two holes on the cylinder v lve  pp r tus just below the 
g s outlet port. Speci c pin con gur tions exist  or 
e ch g s, including cylinders cont ining mixed g ses 
such  s helium-oxygen  nd N2O-oxygen. T e pins on 

Answers and Explanations: 
Physics
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the yoke  lign with the holes drilled in the v lve in such 
  w y th t erroneous connection o    di erent g s is not 
possible (Figure 20-1). An exception to this is   c se o  
d m ge (either  ccident l or deliber te) to the pins in 
the yoke; without the correct number  nd  lignment o  
pins, the yoke m y  ccept di erent types o  cylinders.
 T e Di meter Index S  ety System is   simil r con-
cept, but rel tes to pipeline hoses. E ch type o  g s 
hose h s   speci c nipple design with two concentric 
shoulders o  di ering di meters; these  re  ccepted 
securely only into the bodies o  the  ppropri te port 
on the m chine  nd the w ll.

Ref: Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment. 5th ed. Phil delphi , PA: Lippincott Willi ms & 
Wilkins; 2008.

 3. You  re delivering sed tion  t   remote site within  
the hospit l using  n E-cylinder o  oxygen  t 5 L/min. 
T e pressure g uge re ds 500 psi. How much longer 
will the t nk l st  pproxim tely?

 (A) 33 minutes
 (B) 66 minutes
 (C) 99 minutes
 (D) 120 minutes
 (E) 150 minutes

When  ull  t room temper ture,  n E-cylinder o  oxy-
gen h s   c p city o  660 L  nd   pressure o   pproxi-
m tely 2,000 psi (r nge typic lly 1,900–2,200 psi). 
Oxygen exists only  s   g s  t  mbient temper ture, so 

we c n c lcul te the rem ining volume knowing th t 
the pressure  nd volume will decre se proportion lly. 
500 psi is 25% o  2,000 psi,  nd so there should be 
0.25 ×  660 L in the t nk, or 165 L. At   r te o  5 L/min, 
this will be used up in 33 minutes.

Ref: Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment. 5th ed. Phil delphi , PA: Lippincott Willi ms & 
Wilkins; 2008.

 4. T e pressure g uge o   n E-cylinder cont ining nitrous 
oxide re ds 745 psi. Wh t volume o  nitrous oxide is 
le t in the t nk?

 (A) 330 L
 (B) 660 L
 (C) 1,590 L
 (D) 2,000 L
 (E) unable to determine with this information

T e critic l temper ture o    g s is de ned  s the tem-
per ture  bove which no  mount o  pressuriz tion c n 
convert it to   liquid. For ex mple, the critic l tem-
per ture o  oxygen is –118°C, me ning th t in order 
to h ve   t nk o  liquid oxygen, it must be cooled to or 
below –118°C. In contr st, the critic l temper ture  or 
nitrous oxide is consider bly higher,  t + 36.5°C. 
T ere ore, in    ull, pressurized E-cylinder o  nitrous 
oxide, there exists some liquid  nd some v por, with   
c p city o  1,590 L  nd   pressure o  745 psi. As long 
 s there is some liquid ph se in the t nk, the pressure 
exerted by the v porized portion will rem in  t 745 psi. 

 

FIG. 20-1. Pin-indexed sa ety system  or a nitrous oxide tank (left) and an oxygen tank (right). Note di  erent pin arrangements  or each tank.  
(Reproduced with permission  rom Longnecker DE, Brown DL, Newman MF, Zapol WM. Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.)

MCGH380-CH20_315-334.indd   322  13/09/16   3:31 PM



Answers: 3–6  323

Only when the liquid is  ully ev por ted will the vol-
ume o  g s rem ining st rt to decline proportion lly to 
pressure. T is usu lly begins to occur with  pproxi-
m tely 250 L o  g s le t (Figure 20-2).
 I  it is necess ry to estim te the rem ining volume 
while some nitrous oxide still exists  s liquid, weighing 
the cylinder  nd comp ring  g inst the t re weight 
(empty cylinder weight) should give   rough estim te 
o  the rem ining weight o  the liquid N2O. Avog dro’s 
l w c n be  pplied, knowing th t 1 mole o  N2O (i.e., 
44 g) will occupy 22.4 L  t st nd rd temper ture  nd 
pressure. For ex mple:
• assume the calculated difference between actual weight 

 nd t re weight is 1.65 kg, or 1650 g
• 1650 g/44 g/mol =  37.5 mol
• 37.5 mol ×  22.4 L o  g s/mol =  840 L o  nitrous 

oxide le t in the t nk

Ref: Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment. 5th ed. Phil delphi , PA: Lippincott Willi ms & 
Wilkins; 2008.

 5. Which o  the  ollowing best describes the purpose o  
the oxygen cylinder regul tor in the  nesthesi  m chine?

 (A)  llow g s  low to commence when the v lve is 
turned counterclockwise

 (B) prevent cont min tion o  the cylinder with 
nitrous oxide

 (C) converts the upstream pressure of 2,200 psi to 
a downstream pressure of 45 psi

 (D) prevents   hypoxic mixture  rom being delivered
 (E) provides oxygen to drive the bellows

T e regul tors pl ced just   ter the cylinder g s enters 
the m chine  djusts the incoming pressure o  up to 
2,200 psi to between 45  nd 47 psi. T ere is  lso   simi-
l r regul tor  or nitrous oxide,  djusting the incoming 
pressure o  up to 745 psi to 45 psi. T is  djustment to 
slightly less th n pipeline pressure (50 psi)  lso pre-
vents in dvertent depletion o  cylinder g s when the 
E-cylinder is le t open,  s the higher pipeline pressure 
keeps the regul tor shut.

Ref: Butterworth JF IV, M ckey DC, W snick JD. Morgan 
& Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGr w Hill; 2013.

 6. In the middle o    long c se, the  rteri l blood pressure 
tr nsducer   lls  rom its mount  nd is now h nging 
30 cm below its origin l position. Wh t is the result o  
this on the blood pressure v lues shown on the monitor?

 (A) Arteri l blood pressure will be underestim ted 
by  pproxim tely 30 mm Hg.

 (B) Arteri l blood pressure will be overestim ted by 
 pproxim tely 30 mm Hg.

 (C) Arteri l blood pressure will be underestim ted 
by  pproxim tely 20 mm Hg.

 (D) Arterial blood pressure will be overestimated 
by approximately 20 mm Hg.

 (E)  here will be no net e  ect since the tr nsducer 
is zeroed to  tmospheric pressure.

Inv sive intr v scul r monitoring lines  re connected 
vi    continuous column o  s line to   pressure tr ns-
ducer, which converts mech nic l energy into electric l 
energy. Modern tr nsducers h ve    exible di phr gm 

full

1590 L

ha lf-full

795 L

only gas
remaining

250 L

a lmos t
empty

75 Lvolume:

745 ps i  745 ps i  745 ps i  225 ps ipressure :

FIG. 20-2. Comparison o  volumes and pressures in nitrous oxide cylinders.
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 cross which  n electric l current is  pplied. As pressure 
is  pplied to the di phr gm, it stretches,  nd the electri-
c l resist nce ch nges. T e  ltered electric l output 
 rom the system is interpreted by the monitor  nd   
pressure w ve orm displ yed gr phic lly. T is is  n 
ex mple o    str in g uge.
  r nsducers me sure the pressure in the line rel tive 
to the origin l pressure detected. For this re son, it is 
necess ry to c libr te or zero the tr nsducer to  tmo-
spheric pressure (“room  ir”) be ore use. Since the 
column o   uid between the tr nsducer  nd the p tient 
is subject to gr vit tion l  orces,  ny ch nge in the rel -
tive height will   ect the interpret tion o  the v lues. 
For ex mple, lowering the bed while keeping the tr ns-
ducer  t the s me level on the IV pole will result in less 
pressure tr nsmitted to the di phr gm,  nd  n underes-
tim tion o  BP. Simil rly,   tr nsducer th t  ccident lly 
d ngles below the level o  the p tient will be exposed to 
  longer vertic l column o   uid,  nd BP will be overes-
tim ted. In this c se, 30 cm o  w ter is roughly equiv -
lent to 20 mm Hg (10 cm H2O =  7.4 mm Hg).
 T is property c n be used deliber tely in cert in 
monitoring inst nces. For ex mple, while  or most 
c ses monitoring  t the level o  the he rt is desired, in 
m ny neurosurgic l procedures it is use ul to know the 
 rteri l pressure  t the circle o  Willis, so th t br in 
per usion c n be ensured. T e height o  the tr nsducer 
is  djusted to th t o  the b se o  the skull in these c ses.

Ref: Middleton B, Phillips J, T om s R, St cey S. Physics 
in Anesthesia. 1st ed. B nbury, UK: Scion Publishing; 
2012.

 7. A p tient with tr che l tumor is prescribed   mixture 
o  oxygen  nd helium (heliox) in the critic l c re unit. 
Which property o  this g s mixture improves the  ow 
within the l rge  irw ys?

 (A) temper ture
 (B) density
 (C) viscosity
 (D) kinetic energy
 (E) miscibility

In p tients with upper  irw y obstruction,  ow is tur-
bulent  nd dependent on the density o  the g s. T us, 
 or   given pressure gr dient (i.e., when the p tient 
inspires),   g s with   lower density will  chieve higher 
 ow r tes  round the obstruction. Heliox is   mixture 
o  helium  nd oxygen (usu lly 79% helium to 21% 
oxygen). By repl cing the nitrogen in  ir with the 

much less dense helium, the  ow r tes  chieved with 
heliox  re much higher,  nd   reduction in the work o  
bre thing c n be  chieved. T is e ect is less bene ci l 
 or conditions where sm ll  irw y obstruction pre-
domin tes such  s COPD or  sthm ,  s  ow is likely 
to be l min r. 

Ref: Middleton B, Phillips J, T om s R, St cey S. Physics in 
Anesthesia. 1st ed. B nbury, UK: Scion Publishing; 2012.

 8. A p tient presents to the oper ting room in hemor-
rh gic shock  rom   motor vehicle  ccident. In consid-
ering how best to resuscit te the p tient, which o  the 
 ollowing single physic l properties will best permit the 
most r pid  dministr tion o   uids  nd blood?

 (A) the length o  the intr venous c nnul 
 (B) the diameter of the intravenous cannula
 (C) the density o  the  luid solution
 (D) the viscosity o  the  luid solution
 (E) the pressure di  erenti l between the IV b g  nd 

the vein

IV c nnul e c n be  ssumed to h ve l min r  ow,  s 
they h ve   rel tively sm ll di meter. Flow r tes during 
l min r  ow  re NO  dependent on density ( s tur-
bulent  ow is), but inste d  re in uenced by the length 
 nd di meter o  the tube, the pressure he d,  nd the 
viscosity o  solution,  s given by the H g n-Poiseuille 
equ tion:

 Flow (Q) =  (π  Δ P r4)/(8ηl)

where Δ P =  pressure di erenti l, η =  viscosity, 
l =  length o  tube, r =  r dius o  tube.
 Note th t   doubling o  the pressure he d or   h lv-
ing o  the tube length produces   doubling o  the  ow 
r te; in contr st,   doubling o  the r dius results in   
 ow r te 16 times higher. It is  or this re son th t dur-
ing resuscit tion, short l rge-bore IV c nnul e  re pre-
 erred over long, n rrower g uge centr l lines.

Ref: Middleton B, Phillips J, T om s R, St cey S. Physics in 
Anesthesia. 1st ed. B nbury, UK: Scion Publishing; 2012.

 9. Which o  the  ollowing incre ses the likelihood th t 
 ow in   tube will be turbulent,  nd not l min r?

 (A) low velocity
 (B) n rrow di meter tubes
 (C) decre sed density o   luids
 (D) decreased viscosity of fluids
 (E) incre sed temper ture o   luids
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Flow in   tube c n be either l min r or turbulent. 
L min r  ow describes  n ordered p ttern where  ll 
the molecules  re moving in l yers (or “l min e”) o  
str ight lines down the tube. Flow r tes in l min r  ow 
 re   stest in the center  nd slowest  t the periphery 
(Figure 20-3).  urbulent  ow is ch r cterized by disor-
g nized movement  nd the presence o  eddy currents 
within the tube. T ese eddy currents inter ere with 
 orw rd movement o  molecules  nd incre se the 
energy input required to  chieve   given  ow r te. In 
l min r  ow, the  ow r te is directly proportion l to 
the pressure gr dient; in turbulent  ow, the  ow r te is 
proportion l to the squ re root o  the pressure gr di-
ent. In other words, the  mount o  pressure required to 
squeeze  uid through  n IV c nnul  using   pressure 
b g is doubled when  ow turns  rom l min r to 
turbulent. 

Laminar flow  Turbulent flow

FIG. 20-3. Laminar and turbulent  low within tubes.

 A number o    ctors in uence the likelihood o   ow 
becoming turbulent:
• increased velocity
• increased tube diameter
• increased fluid density (NB: increases in temperature 

decre se  luid density)
• decreased fluid viscosity
T ese   ctors c n be put together in wh t is termed the 
Reynolds number:

Reynolds number =  (v ρ  d)/η 

where v =  velocity, ρ  =  density, d =  di meter, η =  
viscosity.
 In gener l, when the Reynolds number < 2,000, 
there is l min r  ow. When the Reynolds number is 
> 4,000, there is turbulent  ow. A Reynolds number 
between 2,000  nd 4,000 is likely to h ve tr nsition l 
 ow (  mixture o  l min r  nd turbulent).

Ref: Middleton B, Phillips J, T om s R, St cey S. Physics in 
Anesthesia. 1st ed. B nbury, UK: Scion Publishing; 2012.

 10. In designing the g s-speci c t pered gl ss tubes (T orpe 
tubes) used in v ri ble ori ce  owmeters, which o  the 
 ollowing   ctors must be t ken into  ccount to ensure 
precise me surements  t  ll  ow r tes?

 (A) the density o  the g s
 (B) the viscosity o  the g s
 (C) both the density and the viscosity of the gas
 (D) neither the density nor the viscosity o  the g s
 (E) the solubility coe  icient o  the g s

V ri ble ori ce  owmeters consist o    t pered gl ss 
(T orpe) tube  nd  n indic tor b ll, bobbin, or  o t 
th t is suspended within the tube by the b l nce o  two 
 orces: gr vity  nd the upw rd  orce o  g s  ow th t c n 
be  djusted by the oper tor. At the bottom o  the tube, 
where the di meter is sm ll, just   sm ll  mount o  g s 
 ow is required to push the bobbin up  nd  llow  ow 
 round it. T is  ow is l min r in n ture. As the control 
knob is turned  nd more  ow is  llowed into the tube, 
the bobbin rises into the incre singly wider tube until   
point is re ched where the incre sed velocity  nd di m-
eter o  the tube cre te turbulent  ow conditions. T ere-
 ore, both the density ( t turbulent  ow)  nd viscosity 
(both turbulent  nd l min r  ow) pl y   role in ex ctly 
how high the bobbin will  o t,  nd T orpe tubes must 
be m nu  ctured speci c lly  or these p r meters.

Ref: Middleton B, Phillips J, T om s R, St cey S. Physics in 
Anesthesia. 1st ed. B nbury, UK: Scion Publishing; 2012.

 11. An ultr sound tr nsducer is pl ced over the r di l 
 spect o  the wrist in order to loc te the r di l  rtery. 
T e color Doppler  unction is  ctiv ted, but no color 
is seen on the gr ysc le screen. Which o  the  ollowing 
is the most likely expl n tion  or this?

 (A)  he ultr sound tr nsducer is not correctly posi-
tioned on the p tient.

 (B)  he p tient h s  n insu  icient  rteri l blood 
pressure.

 (C) The ultrasound beam is directed (insonated) 
at an angle of 90 degrees with respect to the 
artery.

 (D)  he g in on the color Doppler  unction is incor-
rectly set.

 (E) A Doppler shi t should not be expected in the 
r di l  rtery.

T e Doppler e ect re ers to the  pp rent ch nge in the 
 requency o    w ve when it is re ected b ck  rom   
moving sur  ce. T is is he rd every d y when  n  mbu-
l nce, tr veling tow rd you,  ppe rs to emit   siren 
with  n incre sing pitch. A ter p ssing, the pitch 
 ppe rs to decre se,  lthough o  course the pitch never 
ch nged in re lity.
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 In ultr sound physics,   sound be m re ected o  o  
  moving t rget (e.g., blood cells) will experience   
Doppler shi t, or ch nge in  requency. T is c n be 
gr phic lly represented in   number o  w ys by mod-
ern ultr sound m chines. One o  the most use ul  or 
clinic l medicine is color Doppler, where v rying 
velocities will be displ yed  s sh des o  red or blue. 
  rgets moving tow rd the tr nsducer will h ve   
positive Doppler shi t,  nd convention lly  ppe r  s 
sh des o  red; those th t move  w y  ppe r  s blue 
(“BAR : blue  w y, red tow rds”). T e lighter the 
sh de o  blue or red, the higher the velocity.
 A common error when  ttempting to use color 
Doppler is to inson te the tr nsducer  t 90 degrees to 
the vessel. T is results in blood cells th t tr vel neither 
tow rd nor  w y  rom the be m p th, but r ther tr vel 
p r llel to the tr nsducer sur  ce.  ilting the tr ns-
ducer in either direction (i.e., proxim lly or dist lly) 
usu lly corrects this.

Ref: Middleton B, Phillips J, T om s R, St cey S. Physics 
in Anesthesia. 1st ed. B nbury, UK: Scion Publishing; 
2012.

 12. All o  the  ollowing   ect the r te o  di usion o  g ses 
 cross   membr ne EXCEP :

 (A) molecul r size
 (B) p rti l pressure gr dient
 (C) solubility coe  icient o  the g s
 (D) viscosity of the gas 
 (E) membr ne thickness

Di usion is the r ndom therm l motion o  molecules 
(prim rily g ses  nd liquids), which results in the net 
tr ns er o  molecules  rom   region o  high concentr -
tion to low concentr tion. T ere  re three bro d deter-
min nts o  g s di usion:
• physicochemical characteristics of the gas (molecular 

weight, solubility)
• partial pressure gradient
• membrane characteristics (area, thickness)
T ey inter ct  s described in Fick’s L w o  di usion:

V
A  D P  P

Tgas =
×  ×  −(  )1  2

where Vg s =  volume o  g s di using through the tis-
sue b rrier per time (mL/min).
• A =  sur  ce  re  o  the b rrier

• D =  di  usion coe  icient (di  usivity) o  the p r-
ticul r g s

• (P1 -  P2) =  p rti l pressure di  erence  cross the g s 
b rrier

• T =  thickness o  the b rrier
T e most import nt di usion b rrier in the body is the 
 lveol r-c pill ry inter  ce. Its sur  ce  re  is  pproxi-
m tely 70 m2 in  n  dult. However, this m y ch nge  s 
c pill ries  re recruited,  s in the c se o  exercise, or i  
they  re de-recruited,  s in the c se o  hypotension or 
excessive PEEP. T e thickness o  this b rrier is negligi-
ble (0.2–0.5 mm) unless dise se processes such  s 
 brosis o  pulmon ry edem  occur.
 T e term D, or di usion const nt, is directly pro-
portion l to solubility  nd inversely proportion l to 
the squ re root o  its molecul r weight:

�D solubility
MW

 In other words, the he vier the g s, the longer it 
t kes to di use, bec use lighter molecules tr vel   ster 
 nd collide more  requently. T e more soluble the g s 
in the b rrier tissue, the   ster the r te o  di usion. An 
ex mple is c rbon dioxide, which is 24 times more sol-
uble in w ter th n oxygen is,  nd there ore di uses 20 
times   ster through the  lveol r-c pill ry membr ne 
th n does oxygen. For this re son, p tients  re much 
more likely to develop problems with oxygen tion th n 
with hyperc rbi  when di usion imp irment occurs.

Ref: Levitzky MG. Pulmonary Physiology. 8th ed. New York, 
NY: McGr w Hill; 2013.

 13. Which o  the  ollowing st tements reg rding solubility 
o  g ses is  RUE?

 (A) At const nt temper ture, the  mount o  g s dis-
solved in liquid is inversely proportion l to the 
p rti l pressure o  the g s next to it.

 (B) Solubility of gases is increased with lower  
temperatures.

 (C) Solubility is incre sed with lower  tmospheric 
pressures.

 (D) Solubility o    g s is   negligible   ctor in the di -
 usion r te  cross the  lveol r-c pill ry inter  ce.

 (E)  he solubility o    vol tile  gent in olive oil is 
directly proportion l to its minimum  lveol r 
concentr tion (MAC). 

Henry’s L w st tes th t  or   const nt temper ture, the 
 mount o    given g s th t dissolves in   given type  nd 
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volume o  liquid is directly (not inversely) proportion l 
to the p rti l pressure o  th t g s in equilibrium with 
th t liquid. At equilibrium, there will be the s me num-
ber o  molecules existing in the g seous ph se  nd in the 
dissolved ph se, both exerting the s me kinetic energy. 
 Solubility o  g ses incre ses  s temper ture drops. 
Conversely,  t higher temper tures, g ses  re more 
 ctive  nd h ve more energy with which to esc pe 
 rom solution. T is is why on opening   room-
temper ture c n o  c rbon ted sod  will result in more 
bubbles o  c rbon dioxide esc ping th n   very cold 
c n; the solubility o  the g s is decre sed. Likewise, 
r pidly w rming cold blood  rom the blood b nk o ten 
results in bubbles in solution  s v rious g ses decre se 
in solubility;  or this re son,  uid w rmers must  lw ys 
h ve   “bubble tr p.”
 I  the system is depressurized, the solubility decre ses 
 nd g s will  g in come out o  solution. T e most dr -
m tic ex mple o  this is deep-w ter divers who experi-
ence decompression sickness, or the “bends,” when 
nitrogen bubbles  orm in the blood  nd tissues.
 Solubility is   very import nt   ctor in di usion r te 
 cross the  lveol r-c pill ry membr ne,  s it is directly 
proportion l to the di usion const nt in Fick’s L w.
 T e oil:g s p rtition coef cient is proportion l to 
potency  nd inversely proportion l to MAC. 

Ref: Middleton B, Phillips J, T om s R, St cey S. Physics in 
Anesthesia. 1st ed. B nbury, UK: Scion Publishing; 2012.

 14. Which o  the  ollowing inh l tion l  gents h s the 
LOWES  blood/g s p rtition coef cient?

 (A) desflurane
 (B) h loth ne
 (C) iso lur ne
 (D) nitrous oxide
 (E) sevo lur ne

P rtition coef cients re er to the rel tive concentr tions 
o    g s in e ch o  two ph ses  t ste dy st te (i.e., when 
p rti l pressures  re  t equilibrium) (  ble 20-3). For 
ex mple, the blood:g s p rtition coef cient  or des u-
r ne is 0.42. At ste dy st te,   given volume o  blood 
h s 0.42 times  s much des ur ne  s g s in the  lveoli. 
Be r in mind th t the p rti l pressures  re the s me, 
even though the  mount o   nesthetic is di erent in the 
two ph ses. Blood h s   much gre ter  f nity  or   sol-
uble g s such  s h loth ne th n rel tively insoluble 
g ses like des ur ne or nitrous oxide. With   blood:g s 
p rtition coef cient o  2.4, there will be over 5 times  s 

much h loth ne th n des ur ne dissolved  t ste dy 
st te to ensure equ l p rti l pressures in both ph ses. 
 Anesthetic  gents with   low blood/g s solubility 
coef cient  ct more r pidly th n highly soluble  gents. 
T is is o ten   dif cult concept to underst nd. T e 
more soluble the  gent, the more is t ken up by  
the blood  nd dissolved (i.e., “held on” by the blood). 
T e volume o   gent tr ns erred  rom  lveoli to blood 
m y be initially gre ter bec use it h s  n  f nity  or th t 
blood, but this occurs  t the expense o    resulting lower 
p rti l pressure such th t the p rti l pressure gr dient 
drops. At the conclusion o   nesthesi , poorly soluble 
 gents le ve the blood quickly  nd, provided ventil -
tion is  dequ te, cre te   p rti l pressure gr dient in 
  vor o  r pid tr ns er o   gent out o  the blood. A d y-
to-d y  n logy might be this: picture two gl sses o    
c rbon ted bever ge, where one is ice-cold  nd one is 
room temper ture. T e solubility o  the cold drink is 
gre ter,  nd it will t ke subst nti lly longer  or the bub-
bles to come out o  the solution  nd  or the drink to go 
  t, comp red with the w rm drink. Picture the blood 
 s the sod  (i  you c n stom ch this dist ste ul im ge), 
 nd the g s just  bove the  uid  s the br in or  lveoli. 
Insoluble g ses tend to re ch equilibrium   ster with 
tissues/ lveoli bec use they  re simply  orced out o  the 
solution much more e sily. 

 15. A g s th t is 100% s tur ted with w ter v por is he ted 
by 5°C. Which o  the  ollowing st tements concerning 
the humidity is true?

 (A) the rel tive humidity o  the g s incre ses
 (B) the relative humidity of the gas decreases
 (C) the  bsolute humidity o  the g s incre ses
 (D) the  bsolute humidity o  the g s decre ses
 (E) w ter condenses in the bre thing circuit

TABLE 20-3. Partition coef cients o  volatile anesthetics at 
37°C.a

Agent
Blood/ 

gas
Brain/
blood

Muscle/
blood

Fat/ 
blood

Nitrous oxide  0.47  1.1  1.2  2.3
Halothane  2.4  2.9  3.5  60
Iso lurane  1.4  2.6  4.0  45
Des lurane  0.42  1.3  2.0  27
Sevo lurane  0.65  1.7  3.1  48
aThese values are averages derived  rom multiple studies and should be used  or 
comparison purposes, not as exact numbers.
From: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan and Mikhail’s Clinical 
Anesthesiology. 5th ed. New York, NY: McGraw Hill; 2013.
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Humidity is de ned  s the  mount o  w ter v por in   
g s. Absolute humidity is the m ss o  w ter v por in   
cert in volume o  g s. In contr st, relative humidity is 
the percent s tur tion, or the  mount o  w ter v por  t 
  p rticul r temper ture expressed  s   percent ge o  
the tot l c p city  or w ter v por.
 I    g s th t is s tur ted (100% rel tive humidity) is 
he ted, its c p city  or holding more w ter v por 
incre ses,  nd so the rel tive humidity st rts to drop  s  
the g s exp nds. Bec use the  bsolute  mount o  w ter 
molecules rem ins the s me,  bsolute humidity does not 
incre se or decre se. Conversely, s tur ted g s th t is 
cooled becomes overs tur ted with w ter v por  nd w ter 
begins to condense on the sur  ce o  the bre thing 
circuit. 
 T e w ter v por pressure is   term describing the 
p rti l pressure o  w ter v por in   g s mixture. At 
body temper ture, this pressure is 47 mm Hg. T is 
becomes use ul when using the  lveol r g s equ tion: 
PaO2 =  FiO2 (P tm-47 mm Hg) ×  P CO2/0.8.

Ref: Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment. 5th ed. Phil delphi , PA: Lippincott Willi ms & 
Wilkins; 2008.

 16. Critic l temper ture is best de ned by which o  the 
 ollowing? 

 (A) the boiling point o    subst nce minus the melt-
ing point

 (B) the temper ture  bove which proteins den ture
 (C) the temperature above which no amount of  

pressure can convert a gas to liquid
 (D) the temper ture  t which spont neous c rdi c 

 ctivity stops
 (E) the temper ture  t which, i  d ntrolene is not 

 dministered, m lign nt hyperthermi  is 95% 
leth l

G ses c n be converted to   liquid st te with suf cient 
pressure  t   cert in temper ture. In gener l, the higher 
the temper ture, the more kinetic energy in the sub-
st nce,  nd the more likely it is to rem in  s   g s. 
Every subst nce h s   critic l temper ture (see ex m-
ples in   ble 2-4). T e critic l temper ture  or oxygen 
is –118°C, me ning th t  t room temper ture,   cylin-
der o  oxygen will  lw ys be in g seous  orm. In con-
tr st, the critic l temper ture  or nitrous oxide is con-
sider bly higher,  t + 36.5°C. T ere ore, in    ull, 
pressurized E-cylinder o  nitrous oxide, there exists 
some liquid  nd some g s.

Ref: Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment. 5th ed. Phil delphi , PA: Lippincott Willi ms & 
Wilkins; 2008.

 17. Critic l pressure is best de ned by which o  the  
 ollowing? 

 (A) the pressure  t which   subst nce begins to melt
 (B) the pressure  t which   subst nce begins to boil
 (C) the pressure  t which   subst nce condenses  t 

100% rel tive humidity
 (D) the pressure required to liquefy a gas at its  

critical temperature
 (E) the pressure required to sublim te   solid  t 

room temper ture

Even  t its critic l temper ture ( bove which no  mount 
o  pressure c n lique y   g s), g ses o ten require   sub-
st nti l pressure to be converted to   liquid. For ex mple, 
the critic l temper ture  or oxygen is –118°C. T e critic l 
pressure  or oxygen is 49.7  tm.
 A v cuum-insul ted ev por tor is   speci lized con-
t iner to store liquid oxygen. Designed like   T ermos, 
it h s two l yers with   ne r-v cuum in the middle,  nd 
 re m int ined  t –170°C, well below critic l temper -
ture. As such, it is only necess ry to pressurize the con-
t iner to  bout 10.5  tm.

Ref: Middleton B, Phillips J, T om s R, St cey S. Physics in 
Anesthesia. 1st ed. B nbury, UK: Scion Publishing; 2012.

 18. A syringe with   known volume o  g s is compressed to h l  
o  its volume while  tt ched to   pressure tr nsducer. T e 
pressure rises  rom 20 mm Hg to 40 mm Hg (Figure 20-4). 
T is is  n ex mple o  which o  the  ollowing l ws?

20 mmHg

20 mmHg

FIG. 20-4. A volume o  gas compressed to hal  o  its original volume.

 (A) Henry’s L w
 (B) D lton’s L w
 (C) Boyle’s Law
 (D) Avog dro’s L w
 (E) P sc l’s L w
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Boyle’s L w st tes th t  t   const nt temper ture the 
volume o    con ned ide l g s v ries inversely with its 
pressure. M them tic lly, this is represented  s:

P1 ×  V1 =  P2 ×  V2,

where P =  pressure  nd V =  volume.
 An ex mple o  Boyle’s L w is the c lcul tion o  the 
volume o   n E-cylinder o  oxygen. It is known th t 
these  re designed to produce 660 L o  oxygen  t 1 
 tmosphere (14.7 psi),  nd th t its pressure when  ull 
is roughly 2,000 psi. Substituting, we get:

P1 ×  V1 =  P2 ×  V2

14.7 psi ×  660 L =  2,000 psi ×  _______ L
V2 =  4.8 L

T is v lue is known  s the “w ter c p city” o  the cyl-
inder (e.g.,  s i  you simply  lled it with   noncom-
pressible liquid such  s w ter).

Ref: Middleton B, Phillips J, T om s R, St cey S. Physics in 
Anesthesia. 1st ed. B nbury, UK: Scion Publishing; 2012.

 19. You  re giving  nesthesi  in Denver ( tmospheric pres-
sure: 630 mm Hg). Your  resh g s mix is 50%  ir  nd 
50% oxygen. Wh t is the  pproxim te p rti l pressure 
o  oxygen delivered to the p tient ( ssuming dry g s 
with no w ter v por pressure)?

 (A) 100 mm Hg
 (B) 130 mm Hg
 (C) 315 mm Hg
 (D) 380 mm Hg
 (E) un ble to c lcul te with this in orm tion

D lton’s L w o  p rti l pressures st tes th t the tot l 
pressure exerted by   g s mixture is the sum o   ll o  the 
component p rti l pressures (Ptot l =  P  +  Pb +  Pc +  
etc.). Knowing th t the tot l pressure is 1  tmosphere 
(which in Denver is lower th n typic l se -level pres-
sure o  760 mm Hg), the c lcul tion c n be m de by 
 rst estim ting the  r ction l concentr tion o  oxygen 
(50% +  0.21 ×  50% =  60.5%). 630 mm Hg ×  60.5 
=  381 mm Hg.

Ref: Middleton B, Phillips J, T om s R, St cey S. Physics 
in Anesthesia. 1st ed. B nbury, UK: Scion Publishing; 
2012.

 20. A p tient is being mech nic lly ventil ted in   critic l c re 
unit in S n Diego (se  level). He is receiving  n FiO2 o  
30%. A recent  rteri l blood g s shows the  ollowing: pH 
7.31, P CO2 50 mm Hg, P O2 133 mm Hg, HCO3

-   

19 mmol/L. Which o  the  ollowing  nswers best repre-
sents the p tient’s  lveol r- rteri l (A- ) gr dient?

 (A) 5 mm Hg
 (B) 8 mm Hg
 (C) 12 mm Hg
 (D) 18 mm Hg
 (E) 24 mm Hg

T is is e sily solv ble using the  lveol r g s equ tion:

PaO2 =  FiO2 (P tm-PH2O) -  P CO2/0.8

where P tm =  b rometric pressure (760 mm Hg  t se  
level).

PH2O =  w ter v por pressure (47 mm Hg  t 37°C)

Substituting  or the v ri bles, we get:

PaO2 =  0.3 ×  (760 – 47) ×  (50/0.8)
PaO2 =  151.4 mm Hg

Subtr cting the me sured P O2  rom the PaO2 we get:

151.4 mm Hg – 133 mm Hg =  18.4 mm Hg

Ref: Middleton B, Phillips J, T om s R, St cey S. Physics in 
Anesthesia. 1st ed. B nbury, UK: Scion Publishing; 2012.

 21. At   const nt temper ture, the  mount o  g s dissolved 
in   liquid is directly proportion l to the p rti l pres-
sure o  the g s in cont ct with the liquid. T is st te-
ment is best described  s:

 (A) P sc l’s l w
 (B) Henry’s law
 (C) Boyle’s l w
 (D) D lton’s l w
 (E) Avog dro’s l w

Henry’s l w st tes th t  t   const nt temper ture, the 
 mount o    g s dissolved in   liquid is proportion l to 
the p rti l pressure o  the g s in cont ct with the liq-
uid. For   given combin tion o  v rious g ses, liquids, 
 nd temper tures there is   unique solubility coef -
cient or const nt. At higher temper tures   g s will be 
less soluble in   liquid (given   const nt pressure). 
 Vol tile  nesthetics exert their e ect proportion l to 
the p rti l pressure o  the  gent in the blood. In other 
words, the gre ter the p rti l pressure, the gre ter the 
 nesthetic e ect. As per Henry’s l w, the p rti l pres-
sure o   nesthetic  gent dissolved in the blood is pro-
portion l to the p rti l pressure exerted by the  nes-
thetic v por in the  lveoli. Working b ckw rds, 
D lton’s l w st tes th t the p rti l pressure exerted by 
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the  nesthetic v por in the  lveoli is independent o  
the other g ses present. As such, the only   ctors th t 
 lter the pressure exerted by the  nesthetic v por  re 
the v por pressure itsel   nd the  mount o   gent deliv-
ered to the  lveoli per unit volume (i.e., concentr tion 
o  the  gent).

Ref: Middleton B, Phillips J, T om s R, St cey S. Physics 
in Anesthesia. 1st ed. B nbury, UK: Scion Publishing; 
2012.

 22. T e r te  t which  lveol r concentr tion o   nesthetic 
 gent rises to meet the inspired concentr tion (FA/FI) 
is prim rily determined by which p ir o    ctors?

 (A) c rdi c output  nd blood solubility
 (B) blood solubility  nd inspired concentr tion
 (C) c rdi c output  nd inspired concentr tion
 (D) minute ventilation and inspired concentration
 (E) c rdi c output  nd minute ventil tion

T e r te o  rise o  the  lveol r concentr tion rel tive to 
the inspired concentr tion (FA/FI) is prim rily deter-
mined by two   ctors: the inspired concentr tion (i.e., 
the concentr tion delivered to the respir tory system) 
 nd the minute ventil tion. T ere ore, both  n incre se 
in the di l concentr tion on the v porizer  nd hyper-
ventil tion will serve to bring the FA into equilibrium 
with FI more r pidly (Figure 20-5).

 At the s me time,  nesthetic is being t ken up by the 
pulmon ry v scul ture, which works  g inst the incre se 
in FA. T e three   ctors th t determine upt ke o   gent 
 re solubility, c rdi c output,  nd the di erence between 
the p rti l pressure o   nesthetic  gent in the  lveolus 
 nd th t in the mixed venous blood. T us, these   ctors 
do pl y   role in determining FA/FI, but   r less th n the 
inspired concentr tion  nd minute ventil tion.

 23. Which o  the  ollowing combin tion o    ctors serves 
to INCREASE the upt ke o   nesthetic  gent  rom the 
 lveoli, where PA-PV is the  lveol r-to-venous p rti l 
pressure di erence?

 (A) increased solubility; increased cardiac output; 
increased PA-PV

 (B) incre sed solubility; decre sed c rdi c output; 
decre sed PA-PV

 (C) decre sed solubility; decre sed c rdi c output; 
incre sed PA-PV

 (D) decre sed solubility; decre sed c rdi c output; 
decre sed PA-PV

 (E) decre sed solubility; incre sed c rdi c output; 
incre sed PA-PV

Upt ke is the product o  three   ctors: solubility, c r-
di c output,  nd  lveol r-to-venous p rti l pressure 
di erence (PA-PV).
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FIG. 20-5. The impact o  minute ventilation on the alveolar anesthetic concentration. A. The rise o  Palv is shown in the traditional manner, normalized 
to inspired concentration (Pcirc), which is constant only with very high  resh gas  lows (FGFs) and no rebreathing. Increased minute ventilation (MV) 
accelerates the rise o  Palv and increases clearance a ter delivery stops. B. Palv is shown normalized to the constant delivered anesthetic concentration. 
This illustration better re lects the rise o  Palv during a typical induction when rebreathing occurs (FGF =  6 L/min). (Reproduced with permission  rom 
Longnecker DE, Brown DL, Newman MF, Zapol WM. Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.)
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 Solubility ( lso termed p rtition coef cient) re ers 
to the rel tive  f nity o   n  nesthetic  gent  or one o  
two ph ses  t equilibrium. For ex mple, the blood:g s 
p rtition coef cient  or des ur ne is 0.45. T is me ns 
th t when the partial pressures o  des ur ne  re equ l 
 cross the  lveol r-c pill ry membr ne, there is 0.45 
times the number o  des ur ne molecules in the  lveo-
lus (i.e.,  or every 100 molecules o  g s in the  lveolus, 
there  re 45 in the blood). Ex mples o  blood:g s p r-
tition coef cients  or commonly used  nesthetic  gents 
 re shown in   ble 20-4. A l rger blood:g s coef cient 
me ns the upt ke is incre sed (the g s is more soluble), 
thereby lowering the FA/FI r tio.

TABLE 20-4. Blood gas partition coef cients at 37°C.

Anesthetic agent  Blood:gas partition coef cient

Des lurane  0.45
Nitrous oxide   0.47
Sevo lurane   0.65
Iso lurane  1.4
Halothane  2.5
Diethyl ether  12

 Incre sed pulmon ry blood  ow (c rdi c output) 
results in gre ter upt ke o   nesthetic  gent  nd lowers 
the FA/FI r tio. On the other h nd,   decre sed c r-
di c output  llows  or more time  or equilibr tion 
between c pill ry  nd  lveolus; in this c se, the reduced 
concentr tion gr dient reduces upt ke. T is e ect is 
more pronounced  or the more soluble  gents. 
 Simil rly, i  the blood returning to the lungs h s   
low concentr tion o   nesthetic molecules, the concen-
tr tion gr dient will be high, incre sing upt ke. Con-
versely, mixed venous blood s tur ted with  nesthetic 
results in   low-concentr tion gr dient  rom  lveolus 
to blood,  nd upt ke will be rel tively poor. 

Ref: Longnecker DE, Brown DL, Newm n MF, Z pol WM. 
Anesthesiology. 2nd ed. New York, NY: McGr w Hill; 
2012.

 24. A gener l  nesthetic is being  dministered in   he lthy 
p tient  or bunion surgery. A ter 60 minutes o  bre th-
ing 2% sevo ur ne with    resh g s  ow o  2 L/min, 
which o  the  ollowing best represents the p rti l pres-
sures o  sevo ur ne  ound  t di erent loc tions,  rom 
highest to lowest?

 (A) Br in >  Muscle >  F t >  Circuit
 (B) Br in >  Circuit >  Muscle >  F t
 (C) Circuit >  Brain >  Muscle >  Fat

 (D) Circuit >  Muscle >  Br in >  F t
 (E) Circuit >  Muscle >  F t >  Br in

Pulmon ry c pill ry blood r pidly equilibr tes with 
 lveol r p rti l pressures, so th t blood entering the 
pulmon ry veins  nd the le t  trium should h ve   p r-
ti l pressure close to th t o  the  lveolus (P lv). T e 
extent to which  nesthetic is delivered to di erent tis-
sues depends on the proportion o  blood  ow to th t 
tissue, its  n tomic volume,  nd the tissue-blood p rti-
tion coef cient. For ex mple, the vessel-rich group, 
composed prim rily o  the he rt, br in, spin l cord, 
liver,  nd kidney  nd endocrine gl nds,  ccounts  or 
 pproxim tely 10% o  body m ss  nd yet receives 
 bout 70% o  the c rdi c output. Hence, tissues in this 
group equilibr te with P lv quickly (Figure 20-6).
 On the other h nd, muscle  ccounts  or  pproxi-
m tely 50% o  body m ss, but only 20% o  c rdi c 
output ( t rest). As   result, the  nesthetic p rti l pres-
sures in this tissue rise more slowly, re ching equilib-
rium in  pproxim tely 2–4 hours. Following equilibr -
tion with the muscle group,   t become the only 
e ective depot  or  nesthetic. F t represents  bout 20% 
o  body m ss  nd receives < 10% o  c rdi c output. 
Most vol tile  gents p rtition very e sily into   t: the 
p rtition coef cients  re typic lly in the r nge o  25–50, 
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FIG. 20-6. Uptake o  anesthetics into di  erent tissues. The partial 
pressure o  iso lurane in di  erent tissue beds is depicted during 
induction with  resh gas  low (FGF) =  6 L/min, V
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Q
.
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in  at continues to rise a ter discontinuing iso lurane delivery, as long as 
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.
, minute alveolar ventilation; Q
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   , cardiac output. 

(Reproduced with permission  rom Longnecker DE, Brown DL, Newman 
MF, Zapol WM. Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.)
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comp red with 1–3  or muscle. As such, it is dif cult to 
re ch ste dy-st te p rti l pressures in typic l clinic l 
pr ctice, with the equilibrium h l -time  or sevo ur ne 
being  pproxim tely 30 hours. T e  n l group is the 
vessel-poor group, composed o  bone, tendon, lig -
ment,  nd c rtil ge, which h s negligible upt ke o  
 nesthetic due to its minim l over ll per usion.
 It should be cle r th t i  the di l setting  or inh led 
concentr tion h s not decre sed since the commence-
ment o  the  nesthetic, the p rti l pressure in the 
circuit will  lw ys be higher th n in  ny other tissue. 
T is o  course ch nges when the di l is turned down or 
o ,  nd the p rti l pressure in the inspir tory limb o  
the circuit  ppro ches or equ ls zero.

Ref: Longnecker DE, Brown DL, Newm n MF, Z pol WM. 
Anesthesiology. 2nd ed. New York, NY: McGr w Hill; 2012.

 25. T e concentr tion o   n inh led  nesthetic is incre sed 
by     ctor o  5. T e resulting  lveol r concentr tion is 
incre sed by     ctor o  over 6. T is is  n ex mple o :

 (A) concentration effect
 (B) second g s e  ect
 (C) solubility e  ect
 (D) ventil tion e  ect
 (E) blood:g s p rtition e  ect

T e concentr tion e ect describes the m nner in 
which  n incre se in the inspired concentr tion will 
incre se not only the  lveol r concentr tion o    g s 
but  lso the r te o  rise o  th t concentr tion. It h s 
two components: the con usingly termed concentrating 
e ect  nd the augmented in ow ef ect. 
 Consider   situ tion where  n  nesthetic is being 
 dministered  t   concentr tion o  10% (i.e., 10 p rts 
 nesthetic  nd 90 p rts other g s such  s  ir). I  50% o  
the  nesthetic g s is t ken up by the pulmon ry c pil-
l ry blood, th t would le ve h l  o  its origin l volume, 
or 5 p rts, in the  lveolus. T e resulting  lveol r con-
centr tion o   nesthetic would then be 5 divided by the 
tot l number o  g s p rts (5 +  90), or 5/95 =  5.3%.
 I  th t s me g s is then  dministered  t 50% 
inspired concentr tion (or 5 times its concentr tion in 
the previous ex mple),   di erent story emerges. 
When 50% o  th t  lveol r  nesthetic volume is 
 bsorbed by the blood, this le ves 25 p rts in 75, or 
33%. T is incre sed  lveol r concentr tion is not sur-
prising. However, c lcul tion o  the r tios between 
the two ex mples reve ls th t while the inspired con-
centr tions di ered by     ctor o  5 (10% vs. 50%), 

the  lveol r concentr tions di ered by     ctor o  6.2 
(33%/5.3% =  6.2). T is phenomenon is the concen-
tr ting e ect.
 T e other e ect contributing to the concentr tion 
e ect is the  ugmented in ow e ect. Using the  rst 
ex mple  bove, the 5 p rts o   bsorbed g s must be 
repl ced to  void coll pse o  the  lveolus. As 5 p rts o  
the origin l 10% mixture enters the  lveolus, the  lveo-
l r concentr tion becomes 5.5% (5 +  0.5/90 +  4.5). 
By w y o  contr st, in the second ex mple, repl cement 
o  the 25 p rts o   nesthetic g s with the 50% g s mix-
ture le ds to  n  lveol r concentr tion o  37.5% (25 +  
12.5/50 +  12.5). T is equ tes to   6.8- old gre ter 
 lveol r concentr tion (37.5/5.5) with  ugmented 
in ow comp red to concentr ting e ect  lone when 
the inspired concentr tion is quintupled.

Ref: Butterworth JF IV, M ckey DC, W snick JD. Morgan 
& Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGr w Hill; 2013.

 26. T e incre se in  lveol r concentr tion o    vol tile  gent 
when nitrous oxide is used  s   c rrier g s is termed:

 (A) concentr ting e  ect
 (B) replenishment e  ect
 (C) second gas effect
 (D) c pill ry upt ke e  ect
 (E) ventil tion e  ect

T e second g s e ect is   phenomenon observed when 
the  bsorption o  nitrous oxide by the pulmon ry c p-
ill ries incre ses the  lveol r concentr tion o    “sec-
ond” g s. T e second g s is  lmost  lw ys   vol tile 
inh l tion l  gent. T e second g s e ect is expl ined 
gr phic lly in Figure 20-7.

Ref: Butterworth JF IV, M ckey DC, W snick JD. Morgan 
& Mikhail’s Clinical Anesthesiology. 5th ed. New York, 
NY: McGr w Hill; 2013.

 27. A tr um  p tient h s   sm ll (75 mL) unrecognized 
pneumothor x. Following intr venous induction o  
 nesthesi , she is m int ined with des ur ne in 50:50 
oxygen:nitrous oxide. A ter 30 minutes ( t ste dy 
st te), the volume o  the pneumothor x will be:

 (A) 25 mL
 (B) 50 mL
 (C) 75 mL
 (D) 150 mL
 (E) 225 mL
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FIG. 20-7. The second gas e  ect. (A) The  irst breath, consisting o  60% N2O, 39% O2 and 1% volatile gas. I  50% o  the nitrous oxide were absorbed by 
the blood (ignoring uptake o  the volatile agent), the resulting alveolar concentration o  the volatile would be 1 part in 70, or 1.4% (B). In the 
subsequent breath (C), 30 parts o  the original mixture  low into the alveolus, resulting in an additional 1% o  30 parts anesthetic, or 0.3%. There ore, 
the total concentration at the end o  the second breath would be 1.3%.

Nitrous oxide is roughly 35 times more soluble th n 
nitrogen in blood. Since  irsp ces (such  s venous  ir 
emboli, pneumothor ces, or the middle e r) cont in 
mostly nitrogen,  ny nitrous oxide in the bloodstre m 
will equilibr te very quickly while the nitrogen rem ins 
more or less tr pped. As   result, the volume o  the 
 irsp ce will incre se in proportion to the p rti l 
pressure o  nitrous oxide. I  the sp ce is highly compli-
 nt, then only the volume ch nges; however, i  it is   
poorly compli nt sp ce with little room  or volume 

ch nge (e.g., the middle e r), the pressure will begin to 
incre se  s the volume rem ins the s me. 
 Figure 20-8 illustr tes the principle o  volume 
exp nsion with nitrous oxide. I  we  ssume th t the 
bubble h s   high compli nce  nd c n exp nd e sily, 
the tot l pressure in the bubble will rem in  t 1  tmo-
sphere. T e new volume  t ste dy-st te nitrous oxide 
inh l tion c n be c lcul ted by:
 New volume =   origin l volume ×  (1 ÷  p rti l 

pressure o  nitrogen)
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FIG. 20-8. Expansion o  venous air emboli by nitrous oxide. Nitrous oxide (N2O) enters air pockets  ar  aster than nitrogen leaves (because o  low 
blood nitrogen-carrying capacity), causing airspace expansion. Expansion continues until the partial pressure o  N2O inside the air bubble matches that 
in surrounding blood. Thus, at 50% N2O (PN2O =  0.5 atm), air emboli can double in volume, and at 67% N2O (PN2O =  0.67 atm), they can triple in volume. 
Expansion o  small venous air emboli can lead to occlusion o  pulmonary capillaries, compromising both blood  low and gas exchange. (Reproduced 
with permission  rom Longnecker DE, Brown DL, Newman MF, Zapol WM. Anesthesiology. 2nd ed. New York, NY: McGraw Hill; 2012.)
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 With   p rti l pressure o  nitrous oxide o  0.5  tm, 
the rem ining p rti l pressure o  nitrogen is 0.5  tm, 
 nd the bubble will exp nd to twice its origin l volume 
(with equ l volumes o  e ch g s). With   p rti l pres-
sure o  nitrous oxide o  0.67  tm, the p rti l pressure 
o  nitrogen will be 0.33,  nd the bubble will triple in 
size. I  75% nitrous oxide is used, the bubble will qu -
druple in size.

 T is c n be   signi c nt clinic l problem in   num-
ber o  scen rios, including venous or  rteri l  ir 
emboli, pneumothor x, intestin l obstruction, pneu-
moceph lus, pulmon ry bull e or cysts, intr ocul r g s 
bubbles,  nd tymp nic membr ne gr  ting.

Ref: Longnecker DE, Brown DL, Newm n MF, Z pol WM. 
Anesthesiology. 2nd ed. New York, NY: McGr w Hill; 2012.
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 CHAPTER 21

The Anesthesia Machine and Ventilators

 1. You are planning on intubating a patient in respiratory 
distress with a 7.0 mm internal diameter standard endo-
tracheal tube. In order to decrease the resistance associ-
ated with the tube during the anticipated prolonged 
mechanical ventilation, the most e cient maneuver is to:

 (A) cut the tube by 4 cm to decrease its length
 (B) use an 8.0 mm rather than 7.0 mm internal 

diameter endotracheal tube
 (C) lubricate the inside o  the tube with silicone 

spray
 (D) warm the tube in a jug o  hot water prior to 

insertion
 (E) position the tube so the cu   is immediately 

below the vocal cords

 2. Rebreathing o  expired gas occurs when:

 (A) carbon dioxide absorbent is 50% saturated
 (B) carbon dioxide absorbent is 97% saturated
 (C)  resh gas  low is less than minute ventilation
 (D) the I:E ratio is 1:3
 (E) auto-PEEP exceeds 10 cm H2O

 3. Which o  the  ollowing  actors is most likely to lead to 
a discrepancy between delivered and inspired concen-
trations o  anesthetics?

 (A) the use o  soda lime versus Baralyme
 (B) the use o  sevo lurane at low concentrations
 (C) the use o  nitrous oxide in the inspired  resh gas
 (D) air dilution
 (E) hypercarbia

 4. Which o  the  ollowing statements regarding humidi-
 cation o  airway gases using heat and moisture 
exchangers (HMEs) is  RUE?

 (A) Adult HMEs increase dead space by less than  
10 mL.

 (B) Low tidal volumes decrease the e  ective humidi-
 ication o  the gases.

 (C) HMEs decrease the incidence o  ventilator asso-
ciated pneumonia in critically ill patients.

 (D) Li e-threatening airway blockage may occur with 
HMEs.

 (E) HMEs increase the resistance to air low by 
approximately 15–20%.

 5. T e speci c heats o  various compounds are listed 
below in  able 21-1. In order to make a piece o  mon-
itoring equipment least susceptible to temperature 
changes, which material would be best suited to use in 
its manu acture?

TABLE 21-1. Speci c heats o  selected materials.

Material  Speci c heat (cal/g/°C)

Copper  0.09
Aluminum  0.214
Glass  0.16
Steel  0.107
Lead  0.03

 (A) copper
 (B) aluminum
 (C) glass
 (D) steel
 (E) lead
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336  21: The Anesthesia Machine and Ventilators

 6. A right-angle elbow connector is shown in Figure 21-1. 
What are the outer diameters o  the ends marked A and B?

 (A) A =  11 mm; B =  15 mm
 (B) A =  11 mm; B =  22 mm
 (C) A =  11 mm; B =  25 mm
 (D) A =  15 mm; B =  22 mm
 (E) A =  19 mm; B =  30 mm

 7. Which o  the  ollowing is a required standard o  all 
endotracheal tubes?

 (A) tube size in external diameter (OD) marked in 
millimeters

 (B) a radius o  curvature o  5–8 cm
 (C) cross-sectional shape that is circular or oval
 (D) a bevel angle o  24 to 30 degrees
 (E) the area o  the Murphy eye be < 80% o  cross-

sectional area

 8. A 2-L rubber reservoir bag is  lled with 8 L o  air in a 
closed system. T e resulting peak pressure would most 
likely be:

 (A) 10 cm H2O
 (B) 20 cm H2O
 (C) 50 cm H2O
 (D) 70 cm H2O
 (E) 0 . . . the bag exploded long be ore 8 L was 

reached

A

B

FIG. 21-1. A right-angle elbow connector.

 9. Which o  the  ollowing  eatures distinguishes the 
ProSeal™ laryngeal mask airway (LMA)  rom the LMA 
Classic™?

 (A) higher intracu   pressures
 (B) lower airway seal pressures
 (C) a pre ormed curve in the sha t
 (D) integral bite block
 (E) the ability to ventilate using positive pressure

 10. What is the largest size endotracheal tube that can be 
passed through a size 4 Classic or Unique laryngeal 
mask airway (LMA)?

 (A) 5.5 mm ID
 (B) 6.0 mm ID
 (C) 6.5 mm ID
 (D) 7.0 mm ID
 (E) 7.5 mm ID

 11. You are administering anesthesia in the interventional 
radiology suite with a . . . um . . . “vintage” anesthesia 
machine (okay, it’s old). T e ventilator is equipped with 
hanging bellows. T e potential hazard o  this style o  
bellows is:

 (A) the bellows will not in late during a power  
 ailure

 (B) the bellows may  ail to in late i  there is a leak in 
the system

 (C) the bellows may  ill during exhalation even i  the 
circuit is disconnected

 (D) the bellows cannot deliver very high  low rates
 (E) the bellows are typically made o  cheap material 

 12. An anesthetic is being delivered in New York City (sea 
level). I  the partial pressure o  sevo urane in the alveolus 
is 13 mm Hg, what is the concentration o  sevo urane?

 (A) 0.5%
 (B) 1.1%
 (C) 1.7%
 (D) 2%
 (E) 2.3%
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 13. Which o  the  ollowing is NO  a characteristic o  
modern vaporizers?

 (A) agent speci icity
 (B) temperature compensation
 (C) variable bypass
 (D) in-circuit placement
 (E)  low over design

 14. Which o  the  ollowing is NO  a sa ety standard man-
dated by the American Society o   esting and Materials 
(AS M) regarding the manu acture and  unction o  
vaporizers?

 (A) All vaporizer control knobs must open counter-
clockwise.

 (B) Either the maximum and minimum  illings levels 
or the actual usable volume must be displayed.

 (C)  he vaporizer must be designed so that it  
cannot be over illed when in the normal  
operating position.

 (D) A system that prevents gas  rom passing through 
the vaporizing chamber o  one vaporizer and 
then through that o  another must be provided.

 (E)  he vaporizer must be designed so that tilting 
does not a  ect the output.

 15. Intermittent back pressure in the breathing circuit is 
most likely to result in increased concentrations o  
volatile anesthetic delivered to the patient when which 
o  the  ollowing is present?

 (A) a check valve downstream  rom the vaporizer
 (B) spontaneous ventilation
 (C) low carrier gas  low rates
 (D) high volatile anesthetic agent levels in the vapor-

izing chamber
 (E) a short and/or wide-diameter input tube to the 

vaporizing chamber

 16. T e bimetallic strip  ound in many modern vaporizers 
is designed to prevent the incorrect delivery o  volatile 
anesthetic by which o  the  ollowing mechanisms?

 (A) temperature compensation
 (B) over ill protection
 (C) prevents  illing with an incorrect agent
 (D) ensures only one vaporizer dial can be in the 

ON position
 (E) prevents volatile agent  rom reaching bypass 

chamber i  tipped

 17. A sevo urane vaporizer is accidentally  lled with iso u-
rane. Which o  the  ollowing is MOS  likely to be true?

 (A)  he vapor output will be higher than the read-
ing on the dial.

 (B) No change will be required in the concentration 
o  volatile.

 (C)  he vapor output will be lower than the reading 
on the dial.

 (D)  he gas should be treated as i  it is sevo lurane.
 (E)  he mixture can be determined by smelling the 

gas.

 18. Which o  the  ollowing is a design  eature o  the Ohm-
eda  ec 6 vaporizer?

 (A) variable bypass
 (B)  low-over
 (C) in-circuit
 (D) gas/vapor blender
 (E) agent nonspeci ic (may be used with several 

agents)

 19. A patient is receiving anesthesia in  aos, NM (barometric 
pressure 594 mm Hg). T e sevo urane vaporizer dial is 
set to 2% (1 MAC). Which one o  the  ollowing is true 
regarding the e ect o  altitude on the vaporizer and its 
e ect on the patient?

 (A)  he dial concentration should be increased by 
50%.

 (B)  he dial concentration should be increased by 
25%.

 (C)  he dial concentration should remain the same.
 (D)  he dial concentration should be decreased by 

33%.
 (E)  he dial concentration should be decreased by 

25%.
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 20. Which o  the  ollowing represents the pre erred arrange-
ment o  components in a circle breathing system?

 (A)  he reservoir bag is placed between the expira-
tory valve and the carbon dioxide absorber.

 (B) Unidirectional valves are placed within the 
Y-piece o  the circuit to be as close as possible to 
the patient.

 (C)  he  resh gas inlet is positioned between the 
inspiratory valve and the patient.

 (D)  he adjustable pressure limiting (APL) valve is 
positioned downstream  rom the carbon dioxide 
absorber.

 (E)  he reservoir bag is placed on the opposite side 
o  the APL valve to decrease wasted gas.

 21. Which one o  the  ollowing is NO  a proposed advan-
tage o  low- ow anesthesia using a circle circuit breath-
ing system?

 (A) reduced cost
 (B) reduced atmospheric pollution  rom greenhouse 

and ozone-depleting gases 
 (C) reduced operating room pollution
 (D) improved heat and humidity conservation
 (E) improved correlation between delivered and 

end-tidal concentrations o  gases

 22. In order to minimize rebreathing o  exhaled carbon 
dioxide using a Mapleson A breathing system in a spon-
taneously breathing patient, what is the minimum  resh 
gas  ow required?

 (A) equal to 75% o  minute ventilation
 (B) equal to minute ventilation
 (C) 2×  minute ventilation
 (D) 3×  minute ventilation
 (E) impossible to predict

 23. Your co-resident suggests a trial o   -piece ventilation 
 or a patient in the ICU. Not to be outdone in  ront o  
the team, you respond by casually saying, “Oh, so what 
you’d like is ...”:

 (A) “a Mapleson B”
 (B) “a Mapleson C”
 (C) “a Mapleson E”
 (D) “a Mapleson F”
 (E) “a Mapleson G”

 24. Which o  the  ollowing is a  eature o  the sel -rein at-
ing resuscitation bag device?

 (A) requires a pressurized gas supply to work
 (B) a 22-mm male/15-mm  emale connector  or the 

airway device (LMA, mask, etc.)
 (C) an oxygen inlet with a two-way valve
 (D) a valve to prevent air entrainment into the bag
 (E) can only provide approximately 50% FiO2

 25. Soda lime is a mixture o :

 (A) Ca(OH)2 and NaOH
 (B) CaCO3 and NaOH
 (C) NaOH and KOH
 (D) Na2CO3 and KOH
 (E) Na2CO3 and NaOH

 26. Baf es in the carbon dioxide absorber  unction to:

 (A) prevent caking o  absorbent dust in the exhaust 
tubing

 (B) catch water droplets that condense in the absor-
bent

 (C) channel air low to the center o  the absorber
 (D) evenly distribute heat within the absorbent
 (E) prevent evaporation o  indicator dye  rom the 

absorbent granules
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 27. Which o  the  ollowing devices provides a constant 
FiO2 that is independent o  a patient’s peak inspiratory 
 ow?

 (A) nasal cannulae
 (B) simple  ace mask
 (C) partial rebreather mask
 (D) Venturi mask
 (E) manual resuscitator (sel -in lating bag- 

valve-mask)

 28. Which o  the  ollowing statements regarding waste gas 
scavenging systems is  RUE?

 (A)  he standard  itting size  or scavenging tubing is 
22 mm.

 (B) A negative pressure valve is not required with a 
closed scavenging system.

 (C) Open scavenging systems may be active or passive.
 (D) A reservoir chamber or bag is required with 

closed scavenging systems.
 (E) I  the scavenging reservoir bag is constantly col-

lapsed, suction  low should be increased.

 29. In Datex-Ohmeda machines, the Link-25 system serves 
to:

 (A) electronically connect the gas  low data to the 
monitor

 (B) prevent more than one vaporizer  rom being 
turned on at a time

 (C) shut o   pipeline  low o  nitrous oxide in the 
event o  low oxygen pressure

 (D) permit only certain proportions o  nitrous oxide 
and oxygen using the  low control knobs

 (E) activate the oxygen  lush mechanism

 30. Which o  the  ollowing sequence o   owmeter tubes 
would be MOS  likely to prevent a hypoxic mixture 
in the event o  a crack in the air  owmeter tube ( rom 
le t to right)?

 (A) oxygen, air, nitrous oxide
 (B) oxygen, nitrous oxide, air
 (C) nitrous oxide, oxygen, air
 (D) air, oxygen, nitrous oxide
 (E) air, nitrous oxide, oxygen

 31. Which o  the  ollowing is NO  an example o  an ergo-
nomic  eature o  the anesthesia workstation?

 (A) standardization o  workstation dimensions and 
arrangements between manu acturers

 (B) wheel protectors to push cords away
 (C) patient attachments (e.g., suction, breathing  

circuits) mounted on the right-hand side o  the 
workstation

 (D) suction canister height below the level o  the 
surgical table

 (E) electrical and gas outlets mounted on booms 
over or near the workstation
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 (C)  low-controlled ventilation
 (D) high- requency oscillatory ventilation
 (E) interpulmonary percussive ventilation
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 32. In the diagram below, the wave orms in column A are 
representative o  which type o  ventilation?

 (A) pressure-controlled ventilation
 (B) volume-controlled ventilation

DIRECTIONS: For questions 33–37, each group o  
items below consists o  lettered headings  ollowed by a 
list o  numbered phrases or statements. For each num-
bered phrase or statement, select the ONE lettered head-
ing or component that is most closely associated with it. 
Each lettered heading or component may be selected 
once, more than once, or not at all.
 (A) assist-control
 (B) pressure-control
 (C) volume-control
 (D) periodic sigh
 (E) high- requency ventilation
 (F) intermittent mandatory ventilation (IMV)
 (G) synchronized intermittent mandatory ventilation 

(SIMV)
 (H) pressure support
 (I) biphasic positive airway pressure (BIPAP)

 33. Which ventilator mode delivers the same tidal volume 
during every inspiration, regardless o  whether initiated 
by patient or ventilator?

 34. Which ventilator mode allows the patient to breathe 
spontaneously, without support, between machine-
cycled breaths, which are delivered regardless o  respira-
tory timing?

 35. Which ventilator mode provides partial ventilator sup-
port to patients with preserved respiratory drive by 
increasing the pressure at the airway above the expira-
tory pressure in response to an inspiratory e ort?

 36. Which ventilator mode is a  orm o  airway pressure 
release ventilation (APRV)?

 37. Which ventilator mode is  ow-controlled and time-
cycled?

 38. With respect to ventilator phase variables, the inspira-
tory phase ends when either a preset pressure, volume, 
 ow, or time is reached. T is preset variable that ends 
inspiration is re erred to as the:

 (A) trigger variable
 (B) target variable
 (C) cycle variable
 (D) baseline variable
 (E) limit variable
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 39. Which o  the  ollowing will cause an increase in peak 
inspiratory pressure (PIP) without a change in plateau 
pressure?

 (A) increased tidal volume
 (B) pulmonary edema
 (C) ascites
 (D) endobronchial intubation
 (E) bronchospasm

 40. Which o  the  ollowing conditions will alter a static 
pressure-volume (PV) curve?

 (A) pulmonary embolus
 (B) mucous plugging
 (C) bronchospasm
 (D) endotracheal cu   herniation
 (E) tension pneumothorax

 41. T e diagram in below shows an inspiratory and expira-
tory pressure-volume (PV) curve  or an intubated and 
ventilated patient with an acute lung injury (ALI). In 
order to maintain alveolar recruitment and minimize 
the risk o  alveolar overdistention, at what point should 
positive end-expiratory pressure (PEEP) be set?

A  B  C
Pressure

V

o

l

u

m

e

D  E

 (A) A
 (B) B
 (C) C
 (D) D
 (E) E

 42. Which o  the  ollowing methods is the best to detect 
postoperative apnea in a nonintubated patient? 

 (A) pulse oximeter
 (B) nasal-oral air low system
 (C) electrocardiographic transthoracic impedance 

system
 (D) respiratory inductive plethysmography
 (E) photoplethysmography
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Answers and Explanations: 
The Anesthesia Machine and Ventilators

 1. You are planning on intubating a patient in respiratory 
distress with a 7.0 mm internal diameter standard endo-
tracheal tube. In order to decrease the resistance associ-
ated with the tube during the anticipated prolonged 
mechanical ventilation, the most e cient maneuver is to:

 (A) cut the tube by 4 cm to decrease its length
 (B) use an 8.0 mm rather than 7.0 mm internal 

diameter endotracheal tube
 (C) lubricate the inside o  the tube with silicone 

spray
 (D) warm the tube in a jug o  hot water prior to 

insertion
 (E) position the tube so the cu   is immediately 

below the vocal cords

Assuming that  ow is laminar in an endotracheal tube 
(an assumption that is NO  correct in the presence o  
kinks, secretions, sharp bends with RAE tubes, or very 
high gas  ows), resistance is proportional to the length 
o  the tube and viscosity o  the gas, and inversely pro-
portional to the radius o  the internal diameter to the 
4th power. Cutting the tube is a maneuver that is 
sometimes per ormed in an e ort to reduce the resis-
tance to air ow, or to prevent the external portion o  
the tube  rom becoming kinked due to traction  rom 
the circuit. However, given that most endotracheal 
tubes are approximately 30 cm long, a reduction in 
length o  4 cm only provides about 15% less resistance. 
In contrast, increasing the internal radius by 0.5 mm 
( rom 3.5 mm to 4 mm), the resistance is reduced by 
over 40%.
 Large tubes also improve pulmonary toilet during 
mechanical ventilation by allowing  or improved suc-
tioning o  secretions and improved work o  breathing 

during weaning o  ventilation. It has been advocated 
by some that during anesthesia, a size 6.0 mm to 
7.0 mm is appropriate, whereas 7.5 mm to 8.5 mm is 
pre erred during long-term ventilation in the critical 
care unit (0.5–1.0 mm smaller  or nasal intubation).
 Lubrication with silicone spray, warming, or alter-
ing position within the trachea is not e ective at reduc-
ing resistance to air ow.

Re :  obin MJ. Principles and practice o  mechanical ventila-
tion, 3rd ed. New York, NY: McGraw Hill; 2013.

 2. Rebreathing o  expired gas occurs when:

 (A) carbon dioxide absorbent is 50% saturated
 (B) carbon dioxide absorbent is 97% saturated
 (C)  resh gas  low is less than minute ventilation
 (D) the I:E ratio is 1:3
 (E) auto-PEEP exceeds 10 cm H2O

Rebreathing is de ned as the inhalation o  previously 
expired gases. While there is a tendency to associate 
rebreathing with carbon dioxide speci cally, this is not 
technically correct, as it is possible to rebreathe without 
inhaling any carbon dioxide. T e amount o  rebreath-
ing that takes place depends on the  resh gas  ow, the 
amount o  mechanical (apparatus) dead space, and the 
type o  breathing system. T e higher the  resh gas  ow, 
the less rebreathing will occur, depending on the type 
o  breathing system (circle vs. Mapleson A, B, C, etc.). 
In general, i   resh gas  ow is less than minute ventila-
tion, some rebreathing o  exhaled gas must occur 
(assuming no air dilution). 

Re : Dorsch JA, Dorsch SE. Understanding anesthesia equipment, 
5th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 
2008.
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 3. Which o  the  ollowing  actors is most likely to lead to 
a discrepancy between delivered and inspired concen-
trations o  anesthetics?

 (A) the use o  soda lime versus Baralyme
 (B) the use o  sevo lurane at low concentrations
 (C) the use o  nitrous oxide in the inspired  resh gas
 (D) air dilution
 (E) hypercarbia

T e inspired composition o  gas may not always re ect 
what is set on the anesthesia machine,  or a variety o  
reasons. Rebreathing is a principal cause; the more the 
 raction o  rebreathed gas, the less the inspired gas will 
precisely match what is delivered into the breathing sys-
tem. Air dilution is possible i  the  resh gas supplied is less 
than tidal volume during spontaneous respiration. In this 
case, inspiration may draw in ambient air i  the inspira-
tory limb is open to the atmosphere or i  there is a leak. 
Dilution creates a positive  eedback loop, whereby diluted 
anesthetic concentrations result in a lighter plane o  anes-
thesia, which causes increases in minute ventilation and 
an increased rate o  air dilution. On the other hand, gas 
may be  orced out o  the system during positive pressure 
ventilation i  leaks are present; the amount o  gas lost is 
dependent on the location and size o  the leak, as well as 
the compliance o  the breathing system and the patient. 
Anesthetic agents may also be adsorbed and released by 
the components o  the breathing circuit. Following a long 
anesthetic, the breathing circuit may act as a reservoir  or 
volatile agent, prolonging the emergence even when the 
vaporizer has been shut o   or a period o  time.

Re : Dorsch JA, Dorsch SE. Understanding anesthesia equipment, 
5th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 
2008.

 4. Which o  the  ollowing statements regarding humidi-
 cation o  airway gases using heat and moisture 
exchangers (HMEs) is  RUE?

 (A) Adult HMEs increase dead space by less than  
10 mL.

 (B) Low tidal volumes decrease the e  ective humidi-
 ication o  the gases.

 (C) HMEs decrease the incidence o  ventilator asso-
ciated pneumonia in critically ill patients.

 (D) Li e-threatening airway blockage may occur 
with HMEs.

 (E) HMEs increase the resistance to air low by 
approximately 15–20%.

Medical gases passing through the anesthesia machine 
(or mechanical ventilator in the critical care unit) are 
devoid o  moisture in order to prevent corrosion or 
condensation in regulators and valves. Endotracheal 
tubes and supraglottic airway devices bypass the oral/
nasal respiratory tract where humidi cation and warm-
ing normally occur, so that the tracheobronchial 
mucosa is made to assume those roles. T is has pre-
dictably deleterious e ects, especially over prolonged 
periods o  time, as the mucosa dries and cools: secre-
tions thicken, sur actant activity is impaired, mucocili-
ary  unction is reduced, and the mucosa becomes more 
prone to bronchoconstriction. Over time, mucus plug-
ging, atelectasis, increased airway pressures, and pneu-
monia may occur.
 Humidi cation o  airway gases is an important pri-
ority in long cases in order to prevent these changes. 
Some patients may be candidates  or active heating and 
humidi cation o  the gases in the circuit limbs using a 
heated humidi er (e.g., patients with hypothermia, 
severe bronchopleural  stula, or severe respiratory aci-
dosis). T ese devices are inserted into the inspiratory 
limb o  the circuit and  unction by allowing  resh gas to 
pass over heated water, achieving near-physiologic val-
ues o  absolute humidity (44 mg H2O/L). However, the 
vast majority o  patients undergoing mechanical ventila-
tion in the operating room or critical care unit achieve 
good results with heat and moisture exchangers (HMEs). 
HMEs are constructed o  a plastic casing and an insert 
made o   oam or paper treated with a moisture-retaining 
chemical. As warm, saturated gas passes through this 
material on exhalation, the HME cools it slightly, caus-
ing condensation on the patient’s side o  the apparatus. 
Fresh gas entering  rom the other side during inhalation 
takes up some o  the condensed water and is warmed. 
T ese simple devices are inexpensive, easy to use, reli-
able, and, in contrast to heated humidi ers, do not 
require water or a source o  power. T e main drawback 
to the use o  HMEs compared to heated humidi ers is 
that the value o  absolute humidity delivered is limited: 
only about 60–80% o  normal absolute humidity can 
be retained (approximately 25–35 mg H2O/L), although 
there is no evidence that this impacts outcomes.
 HMEs do increase dead space, and depending on 
the model this may amount to 30–100 mL  or adult 
versions. Specialized neonatal and pediatric HME are 
designed to reduce dead space to 2–3 mL. Neverthe-
less, small increases in tidal volume may be required to 
maintain PaCO2 and pH. In spontaneously breathing 
patients, there is only a marginal increase in airway 
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resistance; the addition o  a small amount o  CPAP 
(5–10 cm H2O) should be considered in these cases. 
T e  aster the rate o  gas  ow through the HME, the 
less e ective it is at exchanging heat and moisture. 
High  resh gas  ows and higher tidal volumes are less 
e ective than lower  ows and smaller tidal volumes. 
 T ere is no evidence that HMEs decrease the inci-
dence o  ventilator-associated pneumonia (VAP) in 
critically ill patients. Some HMEs are coated with the 
bacteriocidal compound and most are e cient micro-
bial  lters; however, the pathogenesis o  VAP is related 
primarily to silent aspiration o  regurgitated gastric con-
tents, not the contamination o  the breathing circuit.
 HMEs can become obstructed due to blood, secre-
tions, sputum, and nebulized bronchodilators, causing 
hypoxia and increased airway pressures. In addition, 
airway obstruction due to dislodgment o  paper inserts 
has been reported. Removal and replacement o  the 
HME must be on the troubleshooting checklist  or 
increased airway pressures.
 Fun  act: HMEs are also known as “Swedish noses”—
a much more play ul name. Next time you’re bored in a 
case, test your anesthesia tech’s historical name knowl-
edge by overhead-paging  or a Swedish nose.

Re :  obin MJ. Principles and Practice o  Mechanical Ventila-
tion, 3rd ed. New York, NY: McGraw Hill; 2013.

 5. T e speci c heats o  various compounds are listed 
below in  able 21-1. In order to make a piece o  mon-
itoring equipment least susceptible to temperature 
changes, which material would be best suited to use in 
its manu acture?

TABLE 21-1. Speci c heats o  selected materials.

Material  Speci c heat (cal/g/°C)

Copper  0.09
Aluminum  0.214
Glass  0.16
Steel  0.107
Lead  0.03

 (A) copper
 (B) aluminum
 (C) glass
 (D) steel
 (E) lead

Speci c heat is de ned as the quantity o  heat required 
to raise the temperature o  1 g o  a particular substance 

1°C. Materials with higher speci c heats require more 
heat to raise the temperature o  a given quantity o  that 
substance. A substance with a high speci c heat will 
change temperature more slowly and will provide a 
more stable temperature than a substance with a low 
speci c heat. In the above example, aluminum has the 
highest speci c heat o  the compounds listed, and will 
be the slowest to respond to  uctuations in tempera-
ture. In real-li e manu acturing o  devices such as 
vaporizers, other  actors have to be considered such as 
the conductivity and strength o  the material. 

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

 6. A right-angle elbow connector is shown in Figure 21-1. 
What are the outer diameters o  the ends marked A and B?

 (A) A =  11 mm; B =  15 mm
 (B) A =  11 mm; B =  22 mm
 (C) A =  11 mm; B =  25 mm
 (D) A =  15 mm; B =  22 mm
 (E) A =  19 mm; B =  30 mm

Breathing systems are standardized by the American 
Society  or  esting and Materials (AS M) in order to 
reduce disconnection and improve sa ety, and are 
described in terms o  diameter and whether it is a male 
or  emale  tting. All connectors in an adult breathing 
system are either 15 mm or 22 mm in diameter. Hoses 

A

B

FIG. 21-1. A right-angle elbow connector.
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and connectors are all built with a very slight taper so 
that a  rm push and twist will provide a tight 
connection.
 Starting  rom the outside o  the machine and moving 
toward the patient, the inspiratory and expiratory ports 
on the absorber are the 22-mm male, designed to accom-
modate the 22-mm  emale ends o  the breathing tubes o  
the circuit. Some machines have a 22-mm male/15-mm 
 emale coaxial inspiratory/expiratory port design to allow 
 or the attachment o  special 15-mm male pediatric hose 
connections. On the other end o  the circuit, Y-pieces 
have two 22-mm male connectors  or the breathing 
hoses and one 15-mm  emale/22-mm male coaxial con-
nector that allows  or connection directly to a either a 
 ace mask or an endotracheal tube. Face masks always 
have a  emale 22-mm connector, and endotracheal tubes 
always have a male 15-mm connector.
 T e elbow connector is similar to the Y-piece. In 
Figure 21-1, the proximal end (A) is a 15-mm male 
 tting. It can be seen that the distal end has two con-
centric rings, making up the 15-mm  emale and 
22-mm male coaxial  tting permitting attachment to 
either mask or endotracheal tube.

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

 7. Which o  the  ollowing is a required standard o  all 
endotracheal tubes?

 (A) tube size in external diameter (OD) marked in 
millimeters

 (B) a radius o  curvature o  5–8 cm
 (C) cross-sectional shape that is circular or oval
 (D) a bevel angle o  24 to 30 degrees
 (E) the area o  the Murphy eye be < 80% o  cross-

sectional area

T e American Society  or  esting and Materials 
(AS M) standards  or tube design require that endo-
tracheal tubes con orm to the  ollowing:
•   he radius o  curvature is 12–16 cm. (Imagine the 

curve o  the tube continuing on to make a complete 
circle.  he radius o  that circle should be 12–16 cm.) 

•  Cross-sectional shape should be circular. Oval or 
elliptical shapes are more likely to kink.

•  Bevel angle is an acute angle o  38 ±  8 degrees, and 
the opening o  the bevel should  ace le t.

•   he Murphy eye is a hole on the opposite side to the 
bevel that permits gas exchange i  the main opening 
is blocked  or some reason.  he Murphy eye should 
not be too large (< 80% o  cross-sectional area) in 
order to avoid passage through by  iberoptic scopes, 
tube exchangers, etc.

•   he  ollowing markings should appear on the tube: 
the word oral or nasal or oral/nasal; tube size in inter-
nal diameter (ID) in millimeters; the outside diam-
eter  or size 6 and smaller tubes; depth markings 
starting at the patient end; a radiopaque marker at 
the patient end or along the length o  the tube; the 
name or trademark o  the manu acturer; and  
the notation F-29 or Z-79 or IT, which indicates the 
tube has passed a toxicity test.

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

 8. A 2-L rubber reservoir bag is  lled with 8 L o  air in a 
closed system. T e resulting peak pressure would most 
likely be:

 (A) 10 cm H2O
 (B) 20 cm H2O
 (C) 50 cm H2O
 (D) 70 cm H2O
 (E) 0 . . . the bag exploded long be ore 8 L was 

reached

Reservoir bags per orm several important  unctions. 
T ey act  rst and  oremost as a storage container dur-
ing the exhalation phase so that a volume o  gas is 
available to draw upon during inspiration. T is per-
mits rebreathing o  exhaled gas, minimizing waste and 
preventing air dilution. T e bag is also a means  or the 
anesthesiologist to manually ventilate the patient, and 
acts as a monitor o  a patient’s respirations. Extremely 
small changes in bag volume can be detected by tactile 
sensation, which is the origin o  the old phrase, “the 
educated hand o  the anesthesiologist.”
 Since reservoir bags are usually made o  rubber or 
neoprene, and are very compliant, they also serve to pro-
tect the patient  rom excessive airway pressures. As vol-
ume increases beyond its natural capacity, the pressure 
begins to rise in the bag (and the system) up to approxi-
mately 50–60 cm H2O. A ter this point the pressure 
reaches a plateau, and in  act decreases slightly as more 
volume is added. T e AS M standard  or reservoir bags 
requires that  or bags 2 L or greater the pressure should 

MCGH380-CH21_335-364.indd   345  14/09/16   4:32 PM



346  21: The Anesthesia Machine and Ventilators

be greater than 35 cm H2O and less than 60 cm H2O 
when the bag is expanded to 4 times its size. T e high 
pressure limit o  60 cm H2O may be exceeded when 
using brand-new bags; overin ating or stretching a new 
bag be ore using it may improve its compliance and 
keep the peak pressures within the acceptable range.

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

 9. Which o  the  ollowing  eatures distinguishes the 
ProSeal™ laryngeal mask airway (LMA)  rom the LMA 
Classic™?

 (A) higher intracu   pressures
 (B) lower airway seal pressures
 (C) a pre ormed curve in the sha t
 (D) integral bite block
 (E) the ability to ventilate using positive pressure

Laryngeal mask airways (LMAs) are extraglottic devices 
that incorporate a wide-bore tube connected to an oval 
in atable cu  that seals around the larynx. Advocates o  
LMAs over endotracheal tubes argue that these devices 
are easily placed, and are associated with reduced sym-
pathetic stimulation upon insertion, reduced anesthetic 
requirements  or airway tolerance, and a lower  re-
quency o  coughing, sore throat and hypoxemia during 
emergence. Since its invention in 1981, several di er-
ent subtypes have been manu actured:
•  LMA Classic™:  he original, reusable LMA.  ube 

plus cu  .
•  LMA ProSeal™ (PLMA): A second-generation ver-

sion o  the Classic that  eatures a so ter, larger oval 
laryngeal cu   as well as a posterior cu   that 
improves the seal with lower intracu   pressures but 
higher airway seal pressures. It also  eatures a drain-
age tube at the tip o  the PLMA bowl that sits in the 
upper esophagus, providing a pathway  or passive 
egress o  gastric contents, or the insertion o  a < 18 
French gastric tube to decompress the stomach.  he 
drainage tube is also used when per orming the 
PLMA insertion by inserting a tracheal introducer 
through this channel and directing it under direct 
laryngoscopy into the esophagus, ensuring proper 
placement.  he sha t o  the PLMA is wire rein-
 orced and  lexible—a separate metal introducer is 
provided to temporarily shape the sha t into a 
curved shape,  acilitating placement.  he PLMA 

also has a built-in bite block so that the sha t cannot 
be occluded.

•  LMA Fastrach™ (intubating LMA or ILMA):  his 
device has a similar cu  ed bowl but a rigid, curved 
sha t attached to a  langed handle  or easy insertion. 
 he device comes with a special wire-rein orced 
endotracheal tube that can be passed through the 
ILMA sha t. At the junction o  the sha t and the 
bowl is a levered epiglottis-li ting bar. Gently push-
ing the tube past this bar should result in the tube 
entering the trachea.  he ILMA can then be removed 
and the endotracheal tube le t in place. 

•  LMA Flexible™:  his is a simple, wire-rein orced 
LMA with a narrower sha t that make it suitable  or 
head and neck procedures.

•  LMA Unique™: Same as the Classic, just disposable.
• LMA Supreme™: A single-use LMA that combines 

 eatures o  the ILMA and the PLMA. It has a pre-
 ormed curve to the sha t  or easy insertion, along with 
a drainage channel, bite block, and improved cu   
design that allow  or better seal than the Classic does.

All LMAs can be used during positive pressure ventila-
tion. T ere has been some reluctance in the past to do 
so on the part o  some clinicians  or  ear o  gastric 
insuf ation. However, it has been shown that oro-
pharnygeal leak pressures are approximately 20 cm 
H2O  or the classic and unique LMA, and between 25 
and 30 cm H2O  or the PLMA and Supreme. 

Re : Hung O, Murphy MF. Management o  the Dif cult and 
Failed Airway, 2nd ed. New York, NY: McGraw Hill; 2012.

 10. What is the largest size endotracheal tube that can be 
passed through a size 4 Classic or Unique laryngeal 
mask airway (LMA)?

 (A) 5.5 mm ID
 (B) 6.0 mm ID
 (C) 6.5 mm ID
 (D) 7.0 mm ID
 (E) 7.5 mm ID

Standard endotracheal tubes can be passed through the 
Classic or Unique LMA devices, which can be extremely 
use ul in an emergency airway situation in which venti-
lation is possible through the LMA, but not ideal, and 
laryngoscopy or intubation is impossible. It is possible 
to pass a size 6.0 tube through a size 3 or 4 LMA, and a 
size 7.0 tube through a size 5 LMA. Good lubrication 
o  the tube is crucial  or success in this endeavor. Unlike 
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the intubating LMA (Fastrach), where the specialized 
endotracheal tube tends to be delivered to the glottis 
when advanced blindly, a standard tube passed through 
an LMA o ten requires a  beroptic scope to be advanced 
through both lumens and into the trachea be ore the 
endotracheal tube is passed over it.

Re : LMA International. Accessed July 10, 2016  rom  
http://www.lmaco.com.

 11. You are administering anesthesia in the interventional radi-
ology suite with a . . . um . . . “vintage” anesthesia machine 
(okay, it’s old). T e ventilator is equipped with hanging 
bellows. T e potential hazard o  this style o  bellows is:

 (A) the bellows will not in late during a power  ailure
 (B) the bellows may  ail to in late i  there is a leak in 

the system
 (C) the bellows may  ill during exhalation even i  

the circuit is disconnected

 (D) the bellows cannot deliver very high  low rates
 (E) the bellows are typically made o  cheap material 

T ere are two arrangements o  bellows in anesthesia 
machine ventilators, based on their behavior during exha-
lation. Ascending or standing bellows rise as they  ll during 
exhalation; descending or hanging bellows  all as they  ll 
during exhalation (Figure 21-2). In both cases the driving 
gas compresses the bellows during inspiration and they  ll 
passively during the exhalation phase with pressure pro-
vided by the patient’s lung and chest wall recoil. T e dan-
ger with hanging bellows is that they may descend due to 
gravity even in the event o  a major leak or circuit discon-
nection—they will appear to be working properly even 
though gas is not being delivered to the patient. Most 
modern machines have ascending bellows.

Re : Longnecker DE, Brown DL, Newman MF, et al. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012.

 12. An anesthetic is being delivered in New York City (sea 
level). I  the partial pressure o  sevo urane in the alveolus 
is 13 mm Hg, what is the concentration o  sevo urane?

 (A) 0.5%
 (B) 1.1%
 (C) 1.7%
 (D) 2%
 (E) 2.3%

Vapor pressure is the pressure exerted by the gaseous 
molecules on the walls o  a container in a closed system, 
 or a given temperature. Within the closed container, as 
long as any amount o  liquid remains, the vapor pres-
sure will be the same. Vapor pressure increases with 
temperature (more molecules detach  rom the liquid 
phase and become vaporized), until the boiling point is 
reached. At this temperature, molecules no longer 
vaporize  rom just the sur ace o  the liquid, but within 
the liquid itsel ,  orming bubbles that rise to the top.
 For any mixture o  gases in a closed system, each gas 
exerts a pressure proportional to its own volume (Dal-
ton’s Law). Gases equilibrate to their respective partial 
pressures, so that at steady state, the alveolar partial pres-
sure o  a gas is equal to the blood partial pressure as well 
as the brain partial pressure. For convention in clinical 
practice, it is o ten convenient to communicate in terms 
o  volumes percent, or concentration (the number o  
units o  gas per 100 units o  total gas). It is important to 
note that uptake and anesthetic depth are directly related 

EXP

INSP

Descending
bellows

INSP

EXP

Ascending
bellows

FIG. 21-2. Schematic of anesthesia machine bellows. Left: 
Ascending type; right: descending type. Straight lined arrows 
represent the direction of movement during inspiration; dashed 
line arrows represent the direction of movement during 
expiration. Exp, expiration; Insp, inspiration. (Reproduced with 
permission from Tobin MJ. Principles and Practice of Mechanical 
Ventilation, 3rd ed. New York, NY: McGraw Hill; 2013.)
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348  21: The Anesthesia Machine and Ventilators

to partial pressure, not concentration. In addition, a 
given partial pressure represents the same anesthetic 
potency under di erent barometric conditions; this is 
not the case with concentrations. T e relationship 
between partial pressure and concentration is:

Volumes percent =  partial pressure/total pressure

In the above example, the equation can be shown as:

Volumes percent =   13 mm Hg/760 mm Hg  
(barometric pressure at sea level)

Volumes percent =  1.7%
Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-

ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

 13. Which o  the  ollowing is NO  a characteristic o  
modern vaporizers?

 (A) agent speci icity
 (B) temperature compensation
 (C) variable bypass
 (D) in-circuit placement
 (E)  low over design

Modern anesthesia vaporizers are agent speci c,  
meaning that they are calibrated  or one and only one 

agent. I  a vaporizer is  lled with an agent not intended 
 or it, an underdose or overdose o  agent will result, 
depending on the speci c combination. For that rea-
son, sa ety  eatures such as keyed bottles and adaptors 
as well as color-coding are now universal.
 Carrier gas  ows over the sur ace o  the liquid vola-
tile agent, rather than bubbling up through, as in the 
old copper kettle vaporizers. In addition, typical mod-
ern vaporizers are all variable bypass, meaning that 
turning the control knob splits the stream o   resh gas 
into bypass gas, which does not enter the vaporizing 
chamber, and carrier gas, which enters the chamber 
and becomes saturated with vapor (Figure 21-3).
 Modern vaporizers are temperature compensated as 
well, providing consistent output o  gas concentrations 
over a wide range o  temperatures. 
 A very old type o  vaporizer (e.g., Boyle’s bottle) 
that are no longer used were inserted directly into the 
circle system. T ese were problematic  or a number o  
reasons, primarily due to their  ow dependence on 
anesthetic output.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

A

Concentra tion
dia l

Inle t port

Wick

Pressure
compensa tor

Vaporizing
chamber

Inte rna l
on/off switch

Tempera ture-
compensa ting
bypass

Concentra ting
cone

Anes the tic
agent

FIG. 21-3. Schematic of agent-specific variable-bypass vaporizers. A: Dräger Vapor 19.n.
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 14. Which o  the  ollowing is NO  a sa ety standard man-
dated by the American Society o   esting and Materials 
(AS M) regarding the manu acture and  unction o  
vaporizers?

 (A) All vaporizer control knobs must open counter-
clockwise.

 (B) Either the maximum and minimum  illings levels 
or the actual usable volume must be displayed.

 (C)  he vaporizer must be designed so that it  
cannot be over illed when in the normal  
operating position.

 (D) A system that prevents gas  rom passing through 
the vaporizing chamber o  one vaporizer and 
then through that o  another must be provided.

 (E) The vaporizer must be designed so that tilting 
does not a  ect the output.

T e AS M does not mandate that vaporizer design 
must be able to  unction independent o  position (i.e., 
tilting). However, the standard does state that the 
e ects o  variations in ambient temperature and pres-
sure, tilting, back pressure, and input  ow rate and gas 
mixture composition on per ormance be described in 
the accompanying documentation. I  the vaporizer is 
tilted or tipped over, volatile agent may spill into the 

outlet or bypass. T is may result in a high concentra-
tion o  agent when  rst used. Vaporizers should always 
remain upright unless servicing. I  a vaporizer is tipped 
more than 30–45 degrees away  rom vertical, the rec-
ommended course o  action is to  ush at high  ow 
rates with a high concentration set on the dial; how-
ever, individual models vary, so it is best to consult the 
operator’s manual to obtain precise guidance. T ere 
are two models o  tippable vaporizers: the Drager 
Vapor 2000 (which has a dial setting marked “ ”  or 
transport) and the Ohmeda Aladin cassette vaporizer, 
which is essentially a portable sump and can be tipped 
in any direction.
 All o  the other options (A through D) are provi-
sions in the AS M anesthesia workstation standard. 
Side- ll rather than top- ll designs in modern vapor-
izers have virtually eliminated the problem o  over ll-
ing. Multiple vaporizers are prevented  rom being 
turned on simultaneously by the interlock system. T is 
is a set o  bars and pins behind the vaporizers that click 
into place when the control knob o  one vaporizer is 
turned, thereby locking the other control knobs. 

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

B Concentra tion
dia l

Bypass  pa th

Carrie r gas

Vaporize r
manifold

Wick

Vaporizer
chamber

Bi-meta llic s trip

Sump

Mixed gas  to
common gas
manifold

Warmer tempera tures

Coole r tempera tures

FIG. 21-3. (continued) B: Datex-Ohmeda Tec 7. (Reproduced with permission from Butterworth JF IV, Mackey DC, 
Wasnick JD. Morgan & Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: McGraw Hill; 2013.)
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350  21: The Anesthesia Machine and Ventilators

 15. Intermittent back pressure in the breathing circuit is 
most likely to result in increased concentrations o  
volatile anesthetic delivered to the patient when which 
o  the  ollowing is present?

 (A) a check valve downstream  rom the vaporizer
 (B) spontaneous ventilation
 (C) low carrier gas  low rates
 (D) high volatile anesthetic agent levels in the vapor-

izing chamber
 (E) a short and/or wide-diameter input tube to the 

vaporizing chamber

Positive pressure generated during inspiration during 
assisted or controlled ventilation can be transmitted 
back to the vaporizer and result in increased concentra-
tions o  volatile agent being delivered to the common 
gas outlet. T e reason  or this relates to what is re erred 
to as the pumping e ect (Figure 21-4). T e pumping 
e ect is more pronounced during controlled or assisted 

ventilation, with low carrier gas  ow rates, with low 
volumes o  volatile agent in the vaporizing chamber, 
when pressure  uctuations are high and  requent, and 
when the dial setting is low. Modi cations to older-
style vaporizers that work to minimize this e ect 
include decreasing the size o  the vaporizing chamber 
(or increasing the size o  the bypass) and increasing the 
length o  the input tube (by making it a long spiral; see 
Figure 21-3). T is latter improvement increases the 
dead space in the input tube so that even i  pressuriza-
tion o  the vaporizing chamber occurs, there will be su -
 cient volume o  gas in the input tube to reduce the 
likelihood o  the saturated gas reaching the bypass 
chamber by this alternate route. Check valves at the 
vaporizer outlets also o er some protection, but they 
are not immune to some degree o  the pumping e ect. 

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

Bypass  chamber

Vaporizing chamber

COMPRESSION

HIGH

HIGH

A

B

C

LOW

FIG. 21-4. The pumping effect in a concentration-calibrated vaporizer. The normal path of gas during exhalation is indicated in (A). During inspiration  
(B), high pressure forces gas back into both the bypass and vaporizing chambers. More gas enters the vaporizing chamber than the bypass chamber, 
since the former has a larger volume. At the same time, fresh gas flow from upstream continues to flow into the vaporizer and is largely shunted into 
the vaporizing chamber due to the increased pressure (and small volume) of the bypass chamber. The result is a compression of gas in the vaporizing 
chamber, which is saturated with vapor. Upon release of the downstream pressure on exhalation or decompression of the circuit (C), the pressurized 
and saturated gas from the vaporizing chamber exits through both the input and output tubes, resulting in a concentration at the fresh gas outlet 
higher than that set on the dial. 
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 16. T e bimetallic strip  ound in many modern vaporizers 
is designed to prevent the incorrect delivery o  volatile 
anesthetic by which o  the  ollowing mechanisms?

 (A) temperature compensation
 (B) over ill protection
 (C) prevents  illing with an incorrect agent
 (D) ensures only one vaporizer dial can be in the 

ON position
 (E) prevents volatile agent  rom reaching bypass 

chamber i  tipped

As the liquid agent is vaporized, energy is lost in the 
 orm o  heat. T e liquid in the vaporizing chamber 
then cools, resulting in a decrease in the vapor pressure 
and a reduction in the amount o  volatile gas mole-
cules in the chamber. A bimetallic strip  ound in many 
vaporizers is simply two metals welded together that 
expand at di erent rates with changes in temperature, 
thereby bending and regulating the amount o  carrier 
gas that enters the bypass chamber. For example, as the 
vaporizer cools, the bimetallic strip restricts the amount 
o  gas entering the bypass chamber,  orcing more gas 
into the vaporizing chamber to make up  or the 
reduced saturated vapor pressure. Other methods o  
temperature compensation include the provision o  an 
electric heater to maintain a constant temperature, and 
computerized thermocompensation.

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

 17. A sevo urane vaporizer is accidentally  lled with iso u-
rane. Which o  the  ollowing is MOS  likely to be true?

 (A) the vapor output will be higher than the  
reading on the dial

 (B) no change will be required in the concentration 
o  volatile

 (C) the vapor output will be lower than the reading 
on the dial

 (D) the gas should be treated as i  it is sevo lurane
 (E) the mixture can be determined by smelling the gas

Modern vaporizers are agent speci c. T e clinical result 
o   lling with the incorrect agent depends on the vapor 
pressure and potency o  the agent. For example, the 
vapor pressure o  sevo urane is 160 mm Hg (at 20°C), 
whereas that o  iso urane is 240 mm Hg. T ere ore, 
33% more iso urane vapor will be present in the vapor-
izing chamber than would be the case with sevo urane. 

Moreover, iso urane is more potent (MAC o  1.2 vs. 
2.0  or sevo urane). In contrast,  lling an iso urane 
vaporizer with sevo urane will lead to an underdosage. 
Vaporizers have agent-speci c and color-coded keyed 
 lling ports to prevent incorrect  lling.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 18. Which o  the  ollowing is a design  eature o  the Ohm-
eda  ec 6 vaporizer?

 (A) variable bypass
 (B)  low-over
 (C) in-circuit
 (D) gas/vapor blender
 (E) agent nonspeci ic (may be used with several agents)

T e  ec 6 is a vaporizer designed speci cally  or use 
with des urane. T e boiling point o  des urane at sea 
level is only 23.5°C. T ere ore, at room temperature, 
there is likely to be intermittent boiling, which, in a 
conventional variable bypass vaporizer, would lead to 
excessive agent delivery. At the same time, boiling 
requires energy, which draws heat out o  the surround-
ing structures, cooling it down. T is leads to a cooling 
o  the agent and a decrease in saturated vapor pressure, 
with a resulting under-delivery o  volatile agent.
  o address these problems, the  ec 6 vaporizer uti-
lizes a des urane reservoir (sump) that is heated to well 
above the boiling point (39°C), creating a “pressure-
cooker” o  vapor at a pressure o  approximately 2 atmo-
spheres. Rather than shunt a proportion o   resh gas 
through the reservoir, the vaporizer injects this concen-
trated des urane vapor directly into the  resh gas  ow. 
T e proportion o  des urane joining the  resh gas  ow 
is dependent on both the dial concentration and the 
 resh gas  ow rate, and is electronically controlled.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 19. A patient is receiving anesthesia in  aos, NM (baromet-
ric pressure 594 mm Hg). T e sevo urane vaporizer 
dial is set to 2% (1 MAC). Which one o  the  ollowing 
is true regarding the e ect o  altitude on the vaporizer 
and its e ect on the patient?

 (A)  he dial concentration should be increased by 
50%.

 (B)  he dial concentration should be increased by 25%.
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 (C) The dial concentration should remain the 
same.

 (D)  he dial concentration should be decreased by 
33%.

 (E)  he dial concentration should be decreased by 
25%.

T e e ect o  a volatile agent is determined only by its 
partial pressure in the tissues. Recall that:

Volumes percent =  partial pressure/total pressure

T ere ore, i  sevo urane were being delivered with a 
dialed concentration o  2% at sea level, the partial 
pressure o  sevo urane would be:

Ppartial =  2% ×  760 mm Hg =  15.2 mm Hg

Also remember that saturated vapor pressure is not 
a ected by ambient pressure, so output  rom the 
vaporizer is una ected. In  aos, the delivered concen-
tration i  2% was dialed in would be calculated as  ol-
lows (where alt =  altitude):

Delivered concentration =   Volumes percentdialed  
×  (Pressuresea level/Pressurealt)

Delivered concentration =  2 ×  (760/594) =  2.56%

T e concentration o  volatile agent in the alveolus o  
the patient in  aos is there ore approximately 25% 
higher than at sea level. However, the partial pressure 
is exactly the same, because the ambient pressure in the 
alveolus is not 760 mm Hg, but 594 mm Hg. T ere-
 ore, the partial pressure o  2.56% sevo urane in  aos 
is 15.2 mm Hg (2.56% ×  594). For this reason, the 
clinical e ect o  altitude on a variable bypass vaporizer 
is negligible.
 T is is not the case  or the  ec 6 vaporizer, which is 
pressurized to 2 atmospheres regardless o  altitude. 
T ere ore, while a 6% concentration o  des urane pro-
vides a partial pressure o  45.6 mm Hg at sea level (and 
provides approximately 1 MAC o  e ect), in  aos this 
partial pressure would only be 6% ×  594, or 35.6 mm 
Hg. T ere ore, an increase in the dial concentration o  
the  ec 6 vaporizer is required when anesthetizing a 
patient at altitude. T e recommended adjustments 
relative to altitude can be  ound in the operator’s 
manual.

Re s: Boumphrey S, Marshal N. Understanding vaporizers: 
continuing education in anaesthesia. Critical Care & Pain 
2011;11:199–203.

Butterworth JF IV, Mackey DC, Wasnick JD. Morgan & 
Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013.

 20. Which o  the  ollowing represents the pre erred arrange-
ment o  components in a circle breathing system?

 (A) The reservoir bag is placed between the expi-
ratory valve and the carbon dioxide absorber.

 (B) Unidirectional valves are placed within the 
Y-piece o  the circuit to be as close as possible to 
the patient.

 (C)  he  resh gas inlet is positioned between the 
inspiratory valve and the patient.

 (D)  he adjustable pressure limiting (APL) valve is 
positioned downstream  rom the carbon dioxide 
absorber.

 (E)  he reservoir bag is placed on the opposite side 
o  the APL valve to decrease wasted gas.

T e circle system is made up o  hoses connecting two 
unidirectional valves (inspiratory and expiratory), an 
inlet  or  resh gas  ow, a reservoir bag, the adjustable 
pressure limiting (APL) valve, and the carbon dioxide 
absorber. It is possible to place these in several con gu-
rations relatively sa ely; however,  or maximum e -
ciency, the arrangement shown in Figure 21-5 is 
pre erred.
 T e  resh gas inlet should be placed between the 
absorber and the inspiratory valve. A position distal to 
the inspiratory valve would permit  resh gas to be 
pushed into the expiratory limb (bypassing the patient) 
and wasted during exhalation. T e  resh gas inlet 
should not be placed between the expiratory valve and 
the absorber as this may lead to volatile anesthetics 
being absorbed and subsequently released by the absor-
bent crystals, prolonging emergence.
 Unidirectional valves should be placed as close to 
the patient as is  easible to prevent back ow into the 
inspiratory limb i  a leak develops in either o  the 
valves. Valves should not be placed within the Y-piece, 
since attaching the Y-piece to the breathing tubes in 
the wrong orientation would prevent  resh gas  rom 
 owing to the patient.
 Placing the APL valve between the expiratory valve 
and the absorber minimizes the venting o   resh gas 
and conserves absorption capacity.
 T e reservoir bag is best placed on the expiratory 
limb so that resistance to exhalation is low—the bag 
“catches” the exhaled volume as it quickly  ows  rom 
the patient. Also, bag compression during assisted 
ventilation will vent excess expired gas through the APL 
valve, preventing unnecessary use o  the absorbent.
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Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 21. Which one o  the  ollowing is NO  a proposed advan-
tage o  low- ow anesthesia using a circle circuit breath-
ing system?

 (A) reduced cost
 (B) reduced atmospheric pollution  rom greenhouse 

and ozone-depleting gases 
 (C) reduced operating room pollution
 (D) improved heat and humidity conservation
 (E) improved correlation between delivered and 

end-tidal concentrations o  gases

Low- ow anesthesia is the practice o  delivering low  resh 
gas  ows to the circuit in an e ort to increase economy, 
e ciency, and heat/humidity conservation. T ere is no 
one  resh gas  ow rate that is universally accepted as the 
de nition o  “low- ow anesthesia”; some de ne it as less 
than 1 L/min, while others hold to a stricter 500 mL/min 
or less de nition. In any case, this should be contrasted 
to the de nition o  “closed-circuit anesthesia” in which 
the only  resh gas entering the system is the same amount 
o  oxygen being taken up by the patient (e.g., 
200 mL/min). T is is intellectually interesting and makes 

 or good old-school MCQ, but in reality this is never 
done outside a laboratory, since the hazards o  such low 
oxygen  ow rates  ar outweigh any bene ts o  closed-
circuit anesthesia using modern equipment.
 In contrast to high  ow rates (let’s say 2–4 L/min), 
low- ow anesthesia con ers a number o  advantages. 
Since  ar less mixed gas is being shunted out o  the 
system via the APL valve, there are cost savings to be 
realized with the reduction o  volatile agent used. T is 
is more relevant with des urane and sevo urane than 
with iso urane. By the same token, since less nitrous 
oxide and volatile agent are being expelled into the 
atmosphere, there is less environmental pollution. T e 
 uorocarbon volatile agents as well as nitrous oxide 
attack the Earth’s ozone layer; nitrous oxide is also a 
greenhouse gas. With modern scavenging equipment, 
the impact o  low- ow anesthesia on operating room 
pollution is minimized, although leaks or improper 
 ace mask  t may result in increased exposure o  oper-
ating room personnel to anesthetic gases.
 Low- ow anesthesia reduces the washout o  warmer, 
humid gas in the system with cold dry  resh gas, con-
serving heat and humidity. T is is only really relevant 
i  a heat-moisture exchanger is NO  being used. 
 T e low  ow rate has the principal disadvantage o  
a long time constant; in other words, in order to 
change the brain concentration o  anesthetic agent, the 
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Right-angle
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Fresh gas  inle t
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FIG. 21-5. A circle system. APL, adjustable pressure-limiting (valve). (Reproduced with permission from 
Butterworth JF IV, Mackey DC, Wasnick JD. Morgan & Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013.)
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TABLE 21-2. Classi cation and characteristics o  Mapleson circuits.

Mapleson 
class

Required  resh gas f ows

Other names  Con gurationa Spontaneous  Controlled  Comments
A  Magill attachment

Brea thing tube

MaskBrea thing bag

FGI

APL 
va lve

Equal to minute 
ventilation 
(≈ 80 mL/kg/min)

Very high 
and difficult 
to predict

Poor choice during cotrolled ventilaton. Enclosed Magill 
system is a modification that improves efficiency. Coaxial 
Mapleson A (Lack breathing system) provides waste gas 
scavenging.

B FGI APL
valve

2 ×  minute 
ventilation

2–2½ ×  minute 
ventilation

C  Waters’ to-and-fro FGI APL
valve

2 ×  minute  
ventilation

2–2½ ×  minute 
ventilation

D  Bain circuit APL
valve

FGI 2–3 ×  minute 
ventilation

1–2 ×  minute 
ventilation

Bain coaxial modification: fresh gas tube inside breathing 
tube.

E  Ayre’s T-piece FGI 2–3 ×  minute 
ventilation

3 ×  minute 
ventilation 
(I:E-1:2)

Exhalation tubing should provide a larger volume than tidal 
volume to prevent rebreathing. Scavenging is difficult.

F  Jackson-Rees’ 
modification

APL
valve

FGI 2–3 ×  minute 
ventilation

2 ×  minute 
ventilation

A Mapleson E with a breathing bag connected to the end of 
the breathing tube to allow controlled ventilation and 
scavenging.

aFGI, fresh gas inlet; APL, adjustable pressure-limiting (value). (Reproduced with permission from Butterworth JF IV, Mackey DC, Wasnick JD. Morgan & Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: McGraw Hill; 2013.)
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Answers: 22  355

duration o  time between the change on the vaporizer 
setting and reaching that tissue concentration is pro-
longed. In addition, modern vaporizers are designed to 
be used at relatively high  resh gas  ow rates, and the 
lower the  resh gas  ow rate, the greater the disparity 
between what is set on the rotameters and vaporizer 
dial and what is in the alveolus. Obviously, i  the end-
tidal concentration needs to be adjusted quickly in 
response to changes in surgical stimulation, short 
intervals o  high  ow can rapidly bring the system to 
equilibrium be ore returning to the low- ow state.

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

 22. In order to minimize rebreathing o  exhaled carbon 
dioxide using a Mapleson A breathing system in a spon-
taneously breathing patient, what is the minimum  resh 
gas  ow required?

 (A) equal to 75% o  minute ventilation
 (B) equal to minute ventilation
 (C) 2×  minute ventilation
 (D) 3×  minute ventilation
 (E) impossible to predict

Mapleson A? Good grie , here we go again with this 
Mapleson business. Here’s the skinny on the ol’ Maple-
son  amily so that you can answer any (reasonable) 
question variation.
 T e Mapleson breathing systems (sometimes curi-
ously called circuits) are a  amily o  semi-open systems 
made up o  many o  the same pieces as a circle circuit 
(tubing,  resh gas inlet, reservoir bag, APL valve), but 
they conspicuously lack both unidirectional valves or 
carbon dioxide absorbent. Because there is no distinct 
separation o  inspired and expired gases, some rebreath-
ing can occur, which can be overcome principally by 
jacking up the  resh gas  ow to wash out the tubing dur-
ing the expiratory pause. I  you ever get the chance to use 
any Mapleson circuit: (A) know that you can overcome 
all o  its rebreathing potential by increasing gas  ow; (B) 
do use EtCO2 monitoring as the sa est means o  know-
ing where you stand with rebreathing carbon dioxide; 
and (C) please let us know how you time-traveled back 
several decades to  nd one. DeLorean?
 T ere are six types, labeled A through F ( able 21-2). 
Some have eponymous names as well (e.g., A =  Magill 

attachment, D =  Bain circuit). T e arrangement o  
components determines its e ciency, de ned as the 
amount o  gas  ow required to minimize or prevent 
rebreathing. Here is something you need to know: 
during spontaneous respiration, the Mapleson A is the 
most e cient, requiring a  resh gas  ow equal to min-
ute ventilation. Look at the picture in  able 21-2. 
Imagine what’s happening during exhalation: as 
expired gas exits the patient, it meets the pressure head 
o   resh gas coming down the tube toward the patient. 
T e result is alveolar gas being exhausted through the 
APL valve, with mostly  resh gas being available  or the 
next breath. In contrast, during controlled ventilation, 
there is very low pressure in the tubing during 
exhalation and the expiratory pause, so alveolar gas is 
NO  shunted out the APL valve, but travels along the 
tubing and begins to  ll the bag; at the beginning o  
the next breath, much o  the tidal volume is previously 
exhaled alveolar gas. High and unpredictable  ows are 
required to prevent rebreathing in this scenario. For 
this reason, Mapleson A is considered most ef cient 
 or spontaneous breathing and least ef cient  or 
controlled breathing.
 T e Mapleson D is the reverse situation, due to the 
switching o  the position o  the APL valve and  resh 
gas inlet. During exhalation, alveolar gases are pushed 
down the tubing and partially  ll the breathing bag 
be ore being vented through the APL valve. Elimina-
tion o  alveolar gas in the tubing must occur during 
the expiratory pause. During spontaneous breathing, 
the sinusoidal respiratory pattern results in very little 
expiratory pause, whereas during controlled ventila-
tion there is a much greater pause, allowing  or venting 
o  alveolar gases and greater e ciency. Fresh gas  ows 
o  1–2×  minute ventilation are adequate during con-
trolled ventilation, whereas spontaneous ventilation 
requires 2–3×  minute ventilation.
 Mapleson e ciency  or spontaneous ventilation: 
A> D> C> B (Mnemonic: “All Dogs Can Breathe.” 
Dogs are spontaneous creatures, right?)
 Mapleson e ciency  or controlled ventilation: 
D> B> C> A (Mnemonic: “David Bolused Cis-
Atracurium.” You’re gonna need controlled ventilation 
once Dave gives that muscle relaxant . . . )

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.
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356  21: The Anesthesia Machine and Ventilators

 23. Your co-resident suggests a trial o   -piece ventilation 
 or a patient in the ICU. Not to be outdone in  ront o  
the team, you respond by casually saying, “Oh, so what 
you’d like is ...”:

 (A) “a Mapleson B”
 (B) “a Mapleson C”
 (C) “a Mapleson E”
 (D) “a Mapleson F”
 (E) “a Mapleson G”

T e Mapleson E is also known as a “ -piece,” as it is 
simply a  -connector with a  resh gas inlet on one side 
and a length o  corrugated tubing that acts a reservoir 
on the other. It is not used so much  or anesthesia these 
days, since it is di cult to scavenge waste gases, but is 
very use ul  or providing an enriched FiO2 to patients 
who are intubated but breathing spontaneously (e.g., 
in the PACU or ICU); it is also a means to provide a 
trial o  weaning in the intubated patient. T e FiO2 is 
dependent on the  resh gas  ow, since with low  ows 
air entrainment and rebreathing o  carbon dioxide can 
occur. At  ows greater than 3–5×  minute ventilation, 
this is thought to be minimized.

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

 24. Which o  the  ollowing is a  eature o  the sel -rein at-
ing resuscitation bag device?

 (A) requires a pressurized gas supply to work
 (B) a 22-mm male/15-mm  emale connector  or 

the airway device (LMA, mask, etc.)
 (C) an oxygen inlet with a two-way valve

 (D) a valve to prevent air entrainment into the bag
 (E) can only provide approximately 50% FiO2

T e “resuscitator bag” is a ventilation device that is 
compact, portable, and, because the sel -in ating bag 
maintains its shape, requires no source o  pressurized 
gas to operate (Figure 21-6). T e standard  eatures 
common to these bags are:
• A 22-mm/15-mm patient connector that accommo-

dates endotracheal tubes,  ace masks, and LMAs
• A two-way non-rebreathing (patient) valve.  his 

valve opens during compression o  the bag to  orce 
gas into the patient, and allows venting o  expired 
gas to the ambient environment through ports in the 
valve. Air is not entrained through this valve during 
inspiration, and exhaled gas is prevented  rom re-
entering the ventilation bag

• A sel -in lating ventilation bag typically made o  
silicone or a styrene thermoplastic polymer that has 
rapid recoil a ter compression. Adult sizes are usually 
about 1500 mL, while smaller sizes exist  or pediatric 
(500–650 mL) and in ant (220–240 mL) use

• An oxygen inlet to  ill the bag with high- low (10– 
15 L/min) oxygen

• A reservoir bag that reduces the entrainment o  air 
during re-expansion o  the ventilation bag

• A one-way intake valve that provides gas  or  
re-expansion  rom the reservoir bag. I  the reservoir 
bag becomes empty or i  the oxygen delivery  ails  or 
whatever reason, this valve permits the entrainment 
o  room air, which is a sa ety measure so the ventila-
tion bag will always rein late.

Other  eatures that some models incorporate include 
side ports on the neck to allow  or end-tidal carbon 
dioxide monitoring, pressure manometers, PEEP 

Patient va lve

Intake  va lve

Nipple  for
fresh gas  flow

Ventila tion bag Reservoir bag

Reservoir va lve  assembly
(inle t and outle t va lves)

FIG. 21-6. The Laerdal resuscitator. (Reproduced with permission from Laerdal Medical Corp.)

MCGH380-CH21_335-364.indd   356  14/09/16   4:32 PM



Answers: 23–27  357

valves, and pressure or  ow-limiting valves that 
prevent excessive airway pressures and barotrauma. 
With good mask  t and high (> 10 L/min) oxygen 
 ows, an FiO2 > 90% can be achieved provided that 
minute ventilation is not excessive.

Re : Hung O, Murphy MF. Management o  the Dif cult and 
Failed Airway, 2nd ed. New York, NY: McGraw Hill; 
2012.

 25. Soda lime is a mixture o :

 (A) Ca(OH)2 and NaOH
 (B) CaCO3 and NaOH
 (C) NaOH and KOH
 (D) Na2CO3 and KOH
 (E) Na2CO3 and NaOH

Soda lime is the most common absorbent material 
used in carbon dioxide absorbers, and is capable o  
absorbing up to 23 L o  CO2 per 100 g o  absorbent. 
It is supplied in granules o  varying sizes; when packed 
in the absorber canister, the space between the granules 
(“void space”) is approximately 45%, which provides a 
good trade-o  between air ow resistance and absorp-
tive capacity. T e vast majority o  soda lime is calcium 
hydroxide (80%), with the remainder made up o  
sodium hydroxide, water, and a small amount o  potas-
sium hydroxide. T e reactions that take place in the 
carbon dioxide “scrubbing” process are as  ollows:

CO2 +  H2O →  H2CO3

H2CO3 +  2NaOH →  Na2CO3 +  2H2O +  heat
Na2CO3 +  Ca(OH)2 →  CaCO3 +  2NaOH

Soda lime is manu actured with an indicator dye that 
changes color  rom white to purple when the pH drops, 
due to accumulation o  hydrogen ions when the absor-
bent becomes exhausted. Canisters should be replen-
ished when 50–70% o  the absorbent turns color. 
 One o  the potential hazards o  soda lime is the deg-
radation o  sevo urane and des urane into compound 
A and carbon monoxide, respectively. A newer absor-
bent called Amsorb is made o  calcium hydroxide and 
calcium chloride, and does not appear to degrade vola-
tile anesthetics to any meaning ul degree.
 You may read about Baralyme; it is only o  histori-
cal interest as it is no longer used. Baralyme was associ-
ated with reports o  spontaneous  res, explosions, and 
melting o  absorbent canisters when it became dessi-
cated; temperatures as high as 400°C were reported in 

some cases. T e high  raction o  potassium hydroxide 
(a strong base) in Baralyme was thought to be respon-
sible  or this.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 26. Baf es in the carbon dioxide absorber  unction to:

 (A) prevent caking o  absorbent dust in the exhaust 
tubing

 (B) catch water droplets that condense in the  
absorbent

 (C) channel air low to the center o  the absorber
 (D) evenly distribute heat within the absorbent
 (E) prevent evaporation o  indicator dye  rom the 

absorbent granules

Gases entering the absorber canisters tend to  ow down 
the periphery o  the canisters, a tendency known as the 
“wall e ect.” I  le t unchecked, the granules on the out-
side o  the containers will become exhausted  ar earlier 
than the central granules will. Since the outer granules 
are the visible ones, this would result in premature chang-
ing o  the absorbent. Baf es are annular rings placed in 
the container housing that channel gas  ow into the cen-
ter, thereby ensuring more even distribution o  gas.

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

 27. Which o  the  ollowing devices provides a constant 
FiO2 that is independent o  a patient’s peak inspiratory 
 ow?

 (A) nasal cannulae
 (B) simple  ace mask
 (C) partial rebreather mask
 (D) Venturi mask
 (E) manual resuscitator (sel -in lating 

bag-valve-mask)

T e Venturi mask incorporates speci cally designed 
plastic barrels that are inserted between the oxygen 
tubing and  ace mask. Using Bernoulli’s principle, the 
shape and size o  the side holes in each color-coded 
barrel permits the delivery o  a precise FiO2 by 
entraining a predictable amount o  air. Venturi masks 
provide a  xed concentration o  oxygen independent 
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o  the respiratory pattern o  the patient. Barrels are 
available  or the  ollowing FiO2 settings: 24%, 28%, 
31%, 35%, 40%, and 60% (Figure 21-7). Each barrel 
has the oxygen  ow rate printed on it to indicate the 
appropriate oxygen  ow rate.

Re : Hagberg CA. Benumo ’s Airway Management, 2nd ed. 
Philadelphia, PA: Elsevier; 2007.

 28. Which o  the  ollowing statements regarding waste gas 
scavenging systems is  RUE?

 (A)  he standard  itting size  or scavenging tubing is 
22 mm.

 (B) A negative pressure valve is not required with 
a closed scavenging system.

 (C) Open scavenging systems may be active or passive.

FIG. 21-7. Venturi mask barrels with FiO2 and oxygen flow rate markings.

Keep bobbin
in optimized
pos ition by
adjus ting
suction knob

Suction knob
Hospita l
suction

From
ventila tor

Vented to room; too much
suction draws  in room a ir;

too little  spills  into room so
no pos itive  pressure  to pa tient

From APL

FIG. 21-8. Open interface scavenger system. APL, adjustable pressure-limiting.  
(Reproduced with permission from Rose G, McLarney JT. Anesthesia equipment simplified, 
1st ed. New York, NY: McGraw Hill; 2014.)
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 (D) A reservoir chamber or bag is required with 
closed scavenging systems.

 (E) I  the scavenging reservoir bag is constantly col-
lapsed, suction  low should be increased.

Waste gas scavenging assemblies divert excess gas out-
side the operating room to reduce contamination o  
the workspace and exposure o  personnel to potentially 
hazardous anesthetic agents. While systems vary some-
what in design, they all contain (1) a relie  valve 
through which gas exits the breathing circuit; (2) tub-
ing that conducts the gas to the scavenging inter ace; 
(3) an inter ace that serves to regulate the pressure in 
the system; and (4) disposal tubing that vents the gas 
to the external atmosphere. T e disposal tubing can be 
connected to suction (an active system) or simply 
allowed to passively vent to the outside world (passive 
system).  ubing in the scavenging system is always a 
di erent caliber (30 mm) than breathing system tub-
ing (22 mm  or adults, 15 mm  or pediatric circuits) to 
prevent dangerous misconnections.
 T e scavenging inter ace may contain either an 
open or closed reservoir, which can be a container, a 
bag, or simply a section o  tubing. Open inter aces are 
open to the atmosphere and contain no valves 
(Figure 21-8). In these systems gas is pushed passively 
into the reservoir in a pulsatile manner during the 
respiratory cycle. T e disposal tubing, which opens 
into the reservoir, is always active in open systems to 
keep the reservoir  rom  lling up and the leakage o  
waste gases in the operating room. T e openings in the 
reservoir ensure that neither positive nor negative pres-
sure is applied to the patient.
 In a closed inter ace system, the connection to the 
atmosphere is through valves (Figure 21-9). Closed 
inter aces always contain a positive pressure relie  
valve, which is activated between 5 cm and 10 cm 
H2O. T is is critical i  the scavenging system becomes 
blocked downstream to prevent pressure buildup. 
Negative pressure valves are only required i  the dis-
posal system is active to prevent excessive suction pres-
sure  rom being transmitted to the breathing circuit. 
T ese kick in at - 0.5 cm H2O. Reservoirs are not nec-
essarily required in closed systems; however, i  a reser-
voir is present, the disposal system should be active. 
T ese are usually in atable bags that look like the ven-
tilation bag o  the breathing circuit (they are o ten a 
di erent color  or identi cation). T e  ow rate o  the 

Pos itive -pressure
re lie f va lve

Adjus tment knob

Needle  va lve

Intake  port for
was te  gases
and the  Aes tiva
ventila tor

To hospita l
vacuum sys tem

Reservoir bag
(3 L s ize )

Cap

Nega tive -
pressure

re lie f va lve

FIG. 21-9. Closed interface with active scavenging (Datex-
Ohmeda). 

disposal suction can be adjusted with a small valve so 
that the bag is partially  lled. I  it is constantly col-
lapsed, too much suction is being applied to the inter-
 ace, and suction  ow should be decreased. I  the bag 
is distended,  ow should be increased.

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

 29. In Datex-Ohmeda machines, the Link-25 system serves 
to:

 (A) electronically connect the gas  low data to the 
monitor

 (B) prevent more than one vaporizer  rom being 
turned on at a time
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360  21: The Anesthesia Machine and Ventilators

 (C) shut o   pipeline  low o  nitrous oxide in the 
event o  low oxygen pressure

 (D) permit only certain proportions o  nitrous 
oxide and oxygen using the  low control 
knobs

 (E) activate the oxygen  lush mechanism

All anesthesia machines have either a mechanical or 
electronic method o  proportioning  ow rates o  
nitrous oxide and oxygen so that a hypoxic gas mixture 
may not be delivered. In the Datex-Ohmeda machines, 
the Link-25 system is a chain-and-sprocket system that 
mechanically links the  owmeter knobs o  both oxy-
gen and nitrous oxide. T e sprocket o  the oxygen  ow 
control has 29 teeth, and the sprocket  or nitrous oxide 
has 14 teeth. I  an operator attempts to increase the 
nitrous oxide  ow that would result in a ratio o  
oxygen:nitrous oxide less than 25%, the teeth engage 
and mechanically turn the oxygen  ow control knob 
to maintain this ratio. Similarly, i  nitrous oxide is 
 owing and the oxygen knob is turned down, the 
chain will engage to protect this ratio and the nitrous 
 ow will begin to drop.

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

 30. Which o  the  ollowing sequence o   owmeter tubes 
would be MOS  likely to prevent a hypoxic mixture 
in the event o  a crack in the air  owmeter tube ( rom 
le t to right)?

 (A) oxygen, air, nitrous oxide
 (B) oxygen, nitrous oxide, air
 (C) nitrous oxide, oxygen, air
 (D) air, oxygen, nitrous oxide
 (E) air, nitrous oxide, oxygen

Carrier gas  ows through the  owmeters and into a 
common mani old, where it is delivered (by conven-
tion) out the right hand side to the vaporizers. I  oxygen 
is placed in any position but the rightmost with respect 
to nitrous oxide and air, the risk  or a hypoxic mixture 
exists when any tube has a crack in it (Figure 21-10). 

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2008.

 31. Which o  the  ollowing is NO  an example o  an ergo-
nomic  eature o  the anesthesia workstation?

 (A) standardization o  workstation dimensions and 
arrangements between manu acturers

 (B) wheel protectors to push cords away
 (C) patient attachments (e.g., suction, breathing 

circuits) mounted on the right-hand side o  
the workstation

 (D) suction canister height below the level o  the 
surgical table

 (E) electrical and gas outlets mounted on booms 
over or near the workstation

Ergonomics is the study o  people’s e ciency in their 
working environment. Poor ergonomics in a highly 
complex environment such as the operating room leads 
to  atigue, injuries, reductions in productivity, and 
medical errors. T e anesthesia workstation incorporates 
a number o   eatures that leads to improvements in e -
ciency and reductions in stress,  atigue, and errors. 

N2OO2

A

Air

AirN2O

B

O2

O2N2O/Air

C

N2O/Air

FIG. 21-10. Sequence of flowmeters on a three-gas machine.  
(A) and (B) represent unsafe sequences, as oxygen may flow to 
the cracked tubes due to pressure differentials. In sequence  
(C), it is unlikely that oxygen would flow retrograde to the 
cracked tubes, as it is the last gas in the manifold and there 
should be no resistance to flow distally. Note that a cracked 
oxygen tube in any position may result in hypoxia. 
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 Machine design is generally consistent between 
manu acturers with respect to dimensions and layout 
o  the various elements. Patient attachments such as 
suction, breathing circuit, and monitors are all posi-
tioned on the le t side o  the machine by convention; 
as such, the best place  or the machine to rest is on 
the right side o  the surgical table at the head, so that 
the cords and tubing are not stretched over a long 
distance. T e suction canister should be below the 
height o  the surgical table to reduce the e ect o  
hydrostatic pressure. Electrical, compressed gas, and 
phone cords should not cross spaces where personnel 
are expected to walk to reduce tripping hazard; ide-
ally these are located above the workstation on a spe-
cial boom. Wheel protectors prevent the anesthesia 
machine  rom running over cords or getting stuck.
 A practitioner sitting or standing in the anesthesia 
“cockpit” should be able to reach the  owmeters, 
vaporizers, suction, monitors, electronic patient record, 
and other important controls without much e ort or 
turning.  emperature and lighting should be adjustable 
to meet the needs o  the patient as well as the operating 
room personnel. Loud noise can be a distraction and 
prevent audible alarms  rom being noticed. 

Re : Leob R, Berguer R. Ergonomics and work ow. In: Block 
FE, Hel man S, Eds. American Society o  Anesthesiologists 
Operating Room Design Manual. Accessed  rom https://
www.asahq.org/resources/resources- rom-asa-committees/
operating-room-design-manual.

 32. In the diagram below, the wave orms in column A are 
representative o  which type o  ventilation?

 (A) pressure-controlled ventilation
 (B) volume-controlled ventilation

 (C)  low-controlled ventilation
 (D) high- requency oscillatory ventilation
 (E) interpulmonary percussive ventilation

T e rectangular pressure wave in column A is indicative 
that pressure is the independent variable (i.e., pressure 
controlled ventilation). T e “equation o  motion  or the 
respiratory system” describes the relationship o  pres-
sure, volume, and  ow  or inspiration and expiration:

P R =  PE +  PR

Given that P R =  transrespiratory pressure (=  pressure 
generated by both the ventilator and respiratory muscles); 
PE =  elastic recoil pressure (=  elastance ×  volume);  
and PR =  resistive pressure (=  resistance ×   ow), the 
 ormula becomes:

Pventilator +  Pmuscles =  (E ×  volume) +  (R ×   ow)

As this  ormula indicates, only one variable (pressure, 
volume, or  ow) can control a breath at one time.  
Determining this “control variable” serves as a basis  or 
classi ying ventilators.  Note, because volume and  ow 
are inverse  unctions o  each other, ventilators are typi-
cally classi ed as either volume-controlled (both volume 
and  ow are controlled) or pressure-controlled. T ere 
are exceptions to this classi cation: interpulmonary 
percussive ventilation and high- requency oscillatory 
ventilation control neither volume, pressure, nor  ow 
and are time controlled (as only the duration o  the 
 ow pulses are controlled).
Re s:  obin MJ. Principles and Practice o  Mechanical Ventila-

tion, 3rd ed. New York, NY: McGraw Hill; 2013.
Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA:  

Elsevier; 2015.
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FIG. 21-11. This figure illustrates the distinction between the terms target and cycle. A. Inspiration is pressure-
targeted and time-cycled. B. Flow is targeted, but volume is not, and inspiration is volume-cycled. C. Both volume 
and flow are targeted, and inspiration is time-cycled. (Modified from Tobin MJ: Principles and practice of mechanical 
ventilation, 3rd Ed. New York, NY: McGraw Hill; 2013.)
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DIRECTIONS: For questions 33–37, each group o  
items below consists o  lettered headings  ollowed by a 
list o  numbered phrases or statements. For each num-
bered phrase or statement, select the ONE lettered head-
ing or component that is most closely associated with it. 
Each lettered heading or component may be selected 
once, more than once, or not at all.
 (A) assist-control
 (B) pressure-control
 (C) volume-control
 (D) periodic sigh
 (E) high- requency ventilation
 (F) intermittent mandatory ventilation (IMV)
 (G) synchronized intermittent mandatory ventilation 

(SIMV)
 (H) pressure support
 (I) biphasic positive airway pressure (BIPAP)

 33. Which ventilator mode delivers the same tidal volume 
during every inspiration, regardless o  whether initiated 
by patient or ventilator?

 (A) assist-control 

Ventilators may control either volume or pressure and 
can use three di erent sequences  or breathing:  con-
tinuous spontaneous ventilation, intermittent manda-
tory ventilation, or continuous mandatory ventilation.  
T is means there are  ve main types o  ventilation:

 1) Volume-control, continuous mandatory ventilation
 2) Volume-control, intermittent mandatory venti-

lation
 3) Pressure-control, continuous mandatory ventila-

tion
 4) Pressure-control, intermittent mandatory venti-

lation
 5) Pressure-control, continuous spontaneous venti-

lation
Either the patient or ventilator may trigger breaths in 
assist-control ventilation. When triggered, the ventila-
tor delivers a preset tidal volume.  Assist control is a 
 orm o  volume-control, intermittent mandatory ven-
tilation. In assist-control ventilation, the trigger vari-
able is either a change in pressure,  ow, or time; the 
target variable is volume or  ow; and the cycle variable 
is volume or time. T e inspiratory  ow shape is usually 
a square wave, although some ventilators may utilize 
other  ow wave orms. 

Re :  obin MJ. Principles and Practice o  Mechanical Ventila-
tion, 3rd ed. New York, NY: McGraw Hill; 2013.

 34. Which ventilator mode allows the patient to breathe 
spontaneously, without support, between machine-
cycled breaths, which are delivered regardless o  respira-
tory timing?

 (F) intermittent mandatory ventilation (IMV) 

Intermittent mandatory ventilation (IMV) provides a 
preset number o  mandatory breaths and allows the 
patient to breath spontaneously between the manda-
tory breaths. When IMV breaths are synchronized 
with the patient’s inspiratory e ort, the mode o  venti-
lation is called synchronized intermittent mandatory 
ventilation (SIMV).

IMV breaths are generally either volume controlled 
( ow-targeted and volume-cycled) or pressure con-
trolled (pressure-targeted and time-cycled). 

Re :  obin MJ. Principles and Practice o  Mechanical Ventila-
tion, 3rd ed. New York, NY: McGraw Hill; 2013.

 35. Which ventilator mode provides partial ventilator sup-
port to patients with preserved respiratory drive by 
increasing the pressure at the airway above the expira-
tory pressure in response to an inspiratory e ort?

 (H) pressure support

Pressure support ventilation provides a preset level o  
pressure support during patient-initiated inspiration. 
Pressure support ventilation is initiated by the patient 
(either pressure- or  ow-triggered), pressure-targeted, 
and  ow-cycled

Re :  obin MJ. Principles and Practice o  Mechanical Ventila-
tion, 3rd ed. New York: NY: McGraw Hill; 2013.

 36. Which ventilator mode is a  orm o  airway pressure 
release ventilation (APRV)?

 (I) biphasic positive airway pressure (BIPAP)

Biphasic positive airway pressure (BIPAP) and bilevel 
airway pressure (Bilevel) are synonyms  or airway pres-
sure release ventilation (APRV).  Note,  or trademark 
reasons, di erent ventilator brands may use di erent 
names  or this mode o  ventilation.APRV is a  orm o  
ventilation meant to help patients with acute lung 
injury. APRV is time-cycled between two pressure lev-
els and allows spontaneous breathing in any phase o  
the cycle.  Important to note, the majority o  time is 
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spent at the higher set pressure with a brie  time at the 
lower set pressure.  In this way, the lungs are recruited 
and oxygenation improves.  I  there is no spontaneous 
ventilation, APRV is really a  orm o  inverse-ratio, 
pressure-controlled ventilation (pressure-targeted, 
time-cycled). (Inverse-ratio indicates more time is 
spent in inhalation rather than exhalation.)

Re :  obin MJ. Principles and Practice o  Mechanical Ventila-
tion, 3rd ed. New York, NY, McGraw Hill; 2013.

 37. Which ventilator mode is  ow-controlled and time-
cycled?

 (C) volume-control

Volume control is  ow-controlled, and either time-
cycled or volume-cycled; pressure control is pressure-
controlled, pressure-targeted, time-cycled ventilation; 
pressure support is pressure- targeted,  ow-cycled ven-
tilation. Note, because volume and  ow are inverse 
 unctions o  each other, volume-control ventilation 
controls both volume and  ow.

Re :  obin MJ. Principles and Practice o  Mechanical Ventila-
tion, 3rd ed. New York, NY: McGraw Hill; 2013.

 38. With respect to ventilator phase variables, the inspira-
tory phase ends when either a preset pressure, volume, 
 ow, or time is reached. T is preset variable that ends 
inspiration is re erred to as the:

 (A) trigger variable
 (B) target variable
 (C) cycle variable
 (D) baseline variable
 (E) limit variable

Phases o  the respiratory cycle may be regulated by a 
ventilator via a variety o  di erent variables (known as 
“phase variables”):
•  the trigger variable equals the initiation, or “trigger,” 

o  inspiration.  A preset change in pressure, volume, 
 low, or time may be the trigger variable (e.g., a drop 
in pressure triggers ventilation in a pressure triggered 
ventilator).

•  the target variable equals the preset upper bounds, 
or “target,” o   low, volume, or pressure to reach and 
maintain during inspiration.  Note, time cannot be 
a target variable (cannot be “maintained”).

•  the cycle variable equals the preset pressure, volume, 
 low, or time that ends inspiration (e.g., a volume-

cycled ventilator will deliver  low until the preset 
volume is achieved).

•  the baseline variable is controlled during expiration.  
All modern ventilators use pressure as the baseline 
variable.

Note, a limit variable is commonly con used with a 
target variable.  Nomenclature standards de ne a limit 
variable only in re erence to ventilator alarm limits.

Re :  obin MJ. Principles and Practice o  Mechanical Ventila-
tion, 3rd ed. New York, NY: McGraw Hill; 2013.

 39. Which o  the  ollowing will cause an increase in peak 
inspiratory pressure (PIP) without a change in plateau 
pressure?

 (A) increased tidal volume
 (B) pulmonary edema
 (C) ascites
 (D) endobronchial intubation
 (E) bronchospasm

An increase in peak inspiratory pressure (PIP) and 
unchanged plateau pressure occurs with an increase in 
inspiratory gas  ow rate or an increase in airway resis-
tance (bronchospasm, secretions,  oreign body aspira-
tion, airway compression).
 An increase in both PIP and plateau pressure occurs 
when either tidal volume is increased or pulmonary 
compliance decreases (pulmonary edema, ascites, 
endobronchial intubation).

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013:77–79.

 40. Which o  the  ollowing conditions will alter a static 
pressure-volume (PV) curve?

 (A) pulmonary embolus
 (B) mucous plugging
 (C) bronchospasm
 (D) endotracheal cu   herniation
 (E) tension pneumothorax

A tension pneumothorax (or atelectasis, pneumonia, 
or pulmonary edema) will reduce lung compliance 
(∆V/∆P) and alter both static and dynamic pressure-
volume (PV) curves. Dynamic re ers to measurements 
during gas  ow as opposed to a static curve which is 
measured during the absence o   ow.
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 Mucous plugging, bronchospasm, and endotra-
cheal cu  herniation are examples o  conditions that 
increase airway resistance—this will a ect a dynamic 
PV curve but not a static PV curve.

Re s: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 41. T e diagram in Figure 21-12 shows an inspiratory and 
expiratory pressure-volume (PV) curve  or an intubated 
and ventilated patient with an acute lung injury (ALI). 
In order to maintain alveolar recruitment and minimize 
the risk o  alveolar overdistention, at what point should 
positive end-expiratory pressure (PEEP) be set?

A  B  C
Pressure

V

o

l

u

m

e

D  E

FIG. 21-12. Pressure volume relationship of the lung showing 
inflation (solid line) and deflation (dashed line) limbs. 

 (A) A
 (B) B
 (C) C
 (D) D
 (E) E

Point A is slightly above the de ection point. T e 
de ection point represents the “critical closing pres-
sure” at which recruited alveoli begin to close during 
expiration. Point B, the lower in ection point, is due 
to the recruitment o  alveoli during inspiration; the 
corresponding pressure is termed the “opening pres-
sure.” Point D, the upper in ection point, is the point 
where alveoli start to become overdistended during 
inspiration. T e inspiratory and expiratory limbs o  
the PV curve display hysteresis because the compliance 
o  the lung changes during inspiration, and higher vol-
umes are observed at lower pressure during de ation. 
Evidence suggests that optimal PEEP should be set 
slightly above Point A, the de ection point.

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 42. Which o  the  ollowing methods is the best to detect 
postoperative apnea in a nonintubated patient? 

 (A) pulse oximeter
 (B) nasal-oral air low system
 (C) electrocardiographic transthoracic impedance 

system
 (D) respiratory inductive plethysmography
 (E) photoplethysmography

A pulse oximeter (and end-tidal CO2 monitor) rapidly 
detects changes in gas exchange. Pulse oximetry is 
reported as superior to methods such as air ow moni-
tors or respiratory movement monitors. Respiratory 
movement can be detected with changes in transtho-
racic impedance as measured by electrocardiographic 
systems or respiratory inductive plethysmography. 
Photoplethysmography measures changes in venous 
blood  ow that occur during respiration. Any o  the 
respiratory movement monitoring systems  or apnea 
detection is limited due to the  act that a patient may 
have airway obstruction but intact respiratory e ort.

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 CHAPTER 22

Monitoring Methods, Instrumentation, 
and Alarms

 1. A surgical procedure requires the strict avoidance o  any 
sudden patient movement. Anesthetic includes large 
doses o  a nondepolarizing neuromuscular blocking drug. 
Which method o  electrical nerve stimulation is the best 
to monitor this degree o  neuromuscular blockade?

 (A) double burst stimulation
 (B) train-o - our stimulation
 (C) single-twitch stimulation
 (D) tetanic stimulation
 (E) post-tetanic count stimulation

 2. T e evoked response o  peripheral nerve stimulation 
can be recorded by a variety o  methods. Which method 
records compound action potentials produced by stim-
ulation o  a peripheral nerve?

 (A) mechanomyography (MMG)
 (B) electromyography (EMG)
 (C) acceleromyography (AMG)
 (D) piezoelectric neuromuscular monitor (PzEMG)
 (E) phonomyography (PMG)

 3. Adequate neuromuscular recovery, as assessed by EMG 
or MMG  OF (train-o - our), requires a  OF ratio o  
at least:

 (A) 0.5
 (B) 0.6
 (C) 0.7
 (D) 0.8
 (E) 0.9

 4. A patient in the ICU is intubated and requiring a venti-
lator  or respiratory support. Which o  the  ollowing  ac-
tors is predictive o  success ul weaning and extubation?

 (A)  requency-to-tidal volume ratio ( /V ) o  120
 (B) PaO2 o  50
 (C) minute ventilation o  14 L/min
 (D) maximum inspiratory pressure (MIP) o   

–30 cm H2O
 (E) vital capacity (VC) o  5 mL/kg

 5. A respirometer (or spirometer) measures the exhaled 
tidal volume in the anesthetic breathing circuit. A 
Wright respirometer incorporates the  ollowing design:

 (A) a rotating vane o  low mass in the expiratory 
limb

 (B) a platinum wire that is electrically heated at a 
constant temperature

 (C) a change in internal diameter to generate a drop 
in pressure

 (D) a Pitot tube at the Y-connection
 (E) piezoelectric crystals that generate ultrasonic 

beams

 6. Which spirometry measurement most re ects the  
caliber o  the large airways?

 (A)  orced vital capacity (FVC)
 (B)  orced expiratory volume in 1 second (FEV1)
 (C) peak expiratory  low (PEF)
 (D)  orced expiratory  low 25%–75% (FEF25%–75%)
 (E) DLCO
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 7. Figure 22-1 shows a capnogram. Which labeled point 
is the best re ection o  alveolar CO2 partial pressure?

 (A) A
 (B) B
 (C) C
 (D) D
 (E) E

 8. Which method o  measuring inspired oxygen concen-
tration utilizes oxygen’s structure o  having unpaired 
electrons in outer shell orbits?

 (A) paramagnetic oxygen analysis
 (B) galvanic cell analysis
 (C) polarographic oxygen analysis
 (D) in rared absorption spectrophotometry
 (E) mass spectrometry

 9. A rise in exhaled nitrogen (N2) can be associated with:

 (A) circuit disconnection
 (B) vaporizer mal unction
 (C) hypoventilation
 (D) endotracheal cu   leak
 (E) airway obstruction

 10. For most surgical patients, the most likely cause o  peri-
operative heat loss is due to:

 (A) radiation
 (B) conduction
 (C) convection
 (D) evaporation

 11. Core temperature is best measured at which o  the  
 ollowing sites?

 (A) oral
 (B) axillary
 (C) rectal
 (D) tympanic
 (E) bladder

 12. In order to measure a temperature increase accurately, 
which o  the  ollowing devices relies on using a semi-
conductor to measure a decrease in resistance? 

 (A) resistance thermometer
 (B) thermistor
 (C) thermocouple
 (D) in rared tympanic thermometer
 (E) mercury-in-glass thermometer

 13. Which noninvasive method o  determining oxygen 
saturation (SO2) can accurately measure methemoglo-
bin (MetHb) concentrations?

 (A) co-oximetry
 (B) pulse co-oximetry
 (C) pulse oximetry
 (D) transcutaneous oximetry
 (E) re lectance pulse oximetry

 14. What is the e ect o  signi cant carboxyhemoglobin 
(COHb) concentrations on measured pulse oximetry 
(SpO2) values?

 (A) SpO2 is not signi icantly e  ected.
 (B) SpO2 remains at 85% over a wide range o  

COHb concentrations.
 (C) SpO2 is transiently reduced.
 (D) SpO2 is signi icantly reduced.
 (E) SpO2 is  alsely elevated.

 15. Noninvasive blood pressure monitoring equipment 
typically used in the operating room uses which o  the 
 ollowing measures to calculate systolic blood pressure?

 (A) presence o  1st Korotko   sound
 (B) determination o  dicrotic notch
 (C) maximal rate o  decrease o  oscillation
 (D) maximal rate o  increase o  oscillation
 (E) Doppler measurement o  sound waves 

time

A  B

C

D

E

ETCO2

FIG. 22-1. Capnogram.
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 16. In preoperative anesthesia clinic, a medical student per-
 orms cardiac auscultation on a patient and reports the 
 ollowing  ndings: expiration—normal S1, narrowly 
split A2P2; inspiration—normal S1, increase in A2P2 
interval. T is is indicative o  which o  the  ollowing 
conditions?

 (A) normal  inding
 (B) atrial septal de ect
 (C) right bundle branch block
 (D) aortic stenosis
 (E) pulmonary hypertension

 17. An arterial blood sample is taken  rom a patient who is 
35°C and sent  or blood gas analysis. As the sample is 
heated and analyzed at 37°C, which o  the  ollowing 
changes will occur?

 (A) pH will increase
 (B) gas solubility will increase
 (C) hemoglobin a  inity  or O2 will increase
 (D) hemoglobin a  inity  or CO2 will increase
 (E) measured PO2 will be higher than at 35°C

 18. A blood gas analyzer uses a Stow-Severinghaus elec-
trode to measure:

 (A) pH
 (B) PO2

 (C) PCO2

 (D) sodium (Na+ )
 (E) potassium (K+ )

 19. An arterial blood gas sample is le t on the anesthesia 
workstation  or 30 minutes be ore being sent  or analy-
sis. Arti actual changes in the arterial blood gas values 
may include:

 (A) increased PCO2

 (B) no change in PCO2

 (C) increased PO2

 (D) decreased PO2 i  there is an air bubble in the 
sample

 (E) increased pH

 20. In the operating room, the most common method to 
monitor carbon dioxide (CO2), nitrous oxide (N2O), 
and volatile anesthetic gas concentrations is with:

 (A) Raman scatter analysis
 (B) mass spectrometry
 (C) in rared absorption spectrophotometry
 (D) paramagnetic analysis
 (E) polarographic electrodes

 21. In order to measure the concentrations o  exhaled vol-
atile anesthetics, mass spectrometry relies on the con-
centration o  gas being related to the:

 (A) intensity o  transmitted light
 (B) amount o  current generated
 (C) change in resonant  requency
 (D) movement o  an ionized sample
 (E) amount o  emitted photons

 22. For an invasive measurement o  arterial blood pressure 
(arterial line), the natural  requency (Fn) o  the system 
should be optimized by:

 (A) adding lengths o  pressure tubing as required
 (B) limiting the number o  stopcocks
 (C) adding an air bubble as required
 (D) decreasing the sti  ness o  the pressure tubing as 

required
 (E) “zeroing” at the level o  the right atrium

 23. How can an elevated damping coe cient (ζ )  or an 
arterial blood pressure wave orm alter blood pressure 
measurements?

 (A) Diastolic blood pressure is  alsely decreased.
 (B) Systolic blood pressure is  alsely decreased.
 (C) Systolic blood pressure i   alsely increased.
 (D) Mean arterial pressure is  alsely decreased.
 (E) Mean arterial pressure is  alsely increased.
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 24. Auscultation o  Korotko  sounds allows  or indirect 
measurement o  arterial blood pressure. Which phase 
corresponds to systolic blood pressure?

 (A) phase I
 (B) phase II
 (C) phase III
 (D) phase IV
 (E) phase V

 25. Most automatic noninvasive blood pressure (NIBP) 
monitors use which o  the  ollowing methods to deter-
mine blood pressure?

 (A) Doppler
 (B) motion o  the arterial wall
 (C) photo-oscillometry
 (D) oscillometry
 (E) Riva-Rocci method

 26. In a cell salvage machine  or autotrans usion, which o  
the  ollowing methods is used to separate red blood 
cells  rom waste?

 (A) large bore, dual lumen, low pressure suction
 (B) citrate-based anticoagulant
 (C) 40–150 µm  ilters
 (D) centri uge
 (E) photo-optical density  ilter

 27. Which o  the  ollowing methods  or blood warming is 
use ul  or large-volume trans usion o  red blood cells 
(> 100 mL/min)?

 (A) countercurrent metal warming
 (B) convection air warming
 (C) magnetic induction
 (D) prewarming in a convection cabinet
 (E) dry heat warming plates

 28. Which o  the  ollowing strategies to maintain normo-
thermia in an operating room surgical patient would be 
most success ul?

 (A) increase room temperature to 21°C
 (B) warm cotton blanket
 (C) space blanket
 (D) circulating-water mattress
 (E)  orced-air blanket

 29. In the United States, what color is an E-cylinder o  
oxygen?

 (A) yellow
 (B) blue
 (C) green
 (D) black
 (E) black and white

 30. Which method is used to connect the pipeline medical 
gas supply to an anesthesia machine?

 (A) quick-couplers
 (B) pin index sa ety system
 (C) diameter index sa ety system
 (D) yoke inlet assembly
 (E) pipeline check valve

 31. During surgery, the line isolation monitor (LIM) begins 
to alarm, indicating that leakage current exceeds 5 mA. 
A piece o  equipment identi ed as  aulty is considered 
li e supporting. What should happen next?

 (A) continue surgery; connect the  aulty equipment 
to a ground- ault circuit interrupter (GFCI)

 (B) continue surgery; do not connect any additional 
electronic equipment

 (C) continue surgery; do not use the electrosurgical 
unit (ESU)

 (D) stop surgery; patient is at imminent risk o  mac-
roshock

 (E) stop surgery; patient is at imminent risk o  
microshock
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 32. O  all the methods employed to prevent the delivery o  
a hypoxic mixture, which sa ety  eature o  the anesthe-
sia workstation is the most  ail-sa e?

 (A) low oxygen pressure alarm
 (B) vaporizer interlock device
 (C) oxygen  lush mechanism
 (D) oxygen concentration monitor
 (E) oxygen/nitrous oxide ratio controller

 33. What is the NIOSH-recommended limit  or operating 
room waste gas concentrations when both nitrous oxide 
and a halogenated agent are used?

 (A) time-weighted average o  25 ppm  or nitrous 
oxide; 0.5 ppm  or halogenated agent

 (B) time-weighted average o  25 ppm  or nitrous 
oxide; 2 ppm  or halogenated agent

 (C) time-weighted average o  50 ppm  or nitrous 
oxide; 0.5 ppm  or halogenated agent

 (D) time-weighted average o  50 ppm  or nitrous 
oxide; 2 ppm  or halogenated agent

 (E) time-weighted average o  2 ppm  or nitrous 
oxide; 0.5 ppm  or halogenated agent
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Answers and Explanations: 
Monitoring Methods, Instrumentation,  

and Alarms

 1. A surgical procedure requires the strict avoidance o  any 
sudden patient movement. Anesthetic includes large 
doses o  a nondepolarizing neuromuscular blocking drug. 
Which method o  electrical nerve stimulation is the best 
to monitor this degree o  neuromuscular blockade?

 (A) double burst stimulation
 (B) train-o - our stimulation
 (C) single-twitch stimulation
 (D) tetanic stimulation
 (E) post-tetanic count stimulation

Post-tetanic count (P C) can be used to assess neuro-
muscular blockade when large doses o  nondepolariz-
ing neuromuscular blocking drugs have been used and 
there is no reaction to single-twitch or train-o - our 
stimulation ( OF). P C applies tetanic stimulation 
(50-Hz  or 5 seconds) then 3 seconds later single-
twitch stimulation at 1 Hz.
 Double burst stimulation is two short bursts o  
50-Hz stimulation 750 msec apart. It correlates to 
 OF stimulation.
  OF stimulation applies  our supramaxial stimuli 
every 0.5 second (2 Hz). Each stimulus in the train 
causes “ ade.” Dividing the  ourth response by the  rst 
response allows  or calculation o   OF ratio. 
 Single-twitch stimulation applies a single supra-
maximal stimulus over a set  requency. T is is some-
times used during induction. 
  etanic stimulation is a rapid delivery o  stimuli 
(50-Hz  or 5 seconds) that causes a sustained muscle 
contraction. 

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 2. T e evoked response o  peripheral nerve stimulation 
can be recorded by a variety o  methods. Which method 
records compound action potentials produced by stim-
ulation o  a peripheral nerve?

 (A) mechanomyography (MMG)
 (B) electromyography (EMG)
 (C) acceleromyography (AMG)
 (D) piezoelectric neuromuscular monitor (PzEMG)
 (E) phonomyography (PMG)

Electromyography (EMG) records compound action 
potentials produced by stimulation o  a peripheral 
nerve.
 Mechanomyography (MMG) records the  orce o  
muscle contraction with a  orce-displacement trans-
ducer. It typically requires care ul positioning o  the 
studied muscle.
 Acceleromyography (AMG) measures the accelera-
tion o  the thumb a ter ulnar nerve stimulation.
 Piezoelectric neuromuscular monitors (PzEMG) 
record the voltage generated in a piezoelectric  lm 
attached to the thumb a ter ulnar nerve stimulation.
 Phonomyography (PMG) records low- requency 
sounds generated by skeletal muscles during contraction. 

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 3. Adequate neuromuscular recovery, as assessed by EMG 
or MMG  OF (train-o - our), requires a  OF ratio o  
at least:

 (A) 0.5
 (B) 0.6
 (C) 0.7
 (D) 0.8
 (E) 0.9
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Adequate recovery o  neuromuscular  unction, as 
assessed by EMG or MMG, requires a  OF ratio o  0.9 
or greater. When the  OF is 0.4 or less, patients usually 
cannot li t their arms or head. When  OF is 0.6, vital 
capacity is reduced, but most patients can li t their heads 
 or 3 seconds. When the  OF is 0.8, vital capacity is 
normal, but patients may still have diplopia.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 4. A patient in the ICU is intubated and requiring a ven-
tilator  or respiratory support. Which o  the  ollow-
ing  actors is predictive o  success ul weaning and 
extubation?

 (A)  requency-to-tidal volume ratio ( /V ) o  120
 (B) PaO2 o  50
 (C) minute ventilation o  14 L/min
 (D) maximum inspiratory pressure (MIP) of  

–30 cm H2O
 (E) vital capacity (VC) o  5 mL/kg

A maximum inspiratory pressure (MIP) o  more than 
–30 cm H2O is predictive o  success ul weaning.
 Rapid, shallow breathing is not predictive o  suc-
cess ul extubation. A  requency-to-tidal volume ratio 
( /V ) <  100 is considered the threshold  or success ul 
weaning.
 Weaning attempts are not recommended  or 
hypoxic patients (PaO2 <  55–60).
 A vital capacity (VC) o  greater than 10–15 mL/kg 
is suggested to predict success ul weaning.

Ref:  obin MJ. Principles and practice of mechanical ventila-
tion, 3rd ed. New York, NY: McGraw Hill; 2013.

 5. A respirometer (or spirometer) measures the exhaled 
tidal volume in the anesthetic breathing circuit. A 
Wright respirometer incorporates the  ollowing design:

 (A) a rotating vane of low mass in the expiratory 
limb

 (B) a platinum wire that is electrically heated at a 
constant temperature

 (C) a change in internal diameter to generate a drop 
in pressure

 (D) a Pitot tube at the Y-connection
 (E) piezoelectric crystals that generate ultrasonic 

beams

A Wright respirometer uses a rotating vane o  low mass 
in the expiratory limb.
 A hot-wire anemometer uses a platinum wire that is 
heated to a constant temperature.
 Variable-ori ce  owmeters use a change in internal 
diameter to generate a drop in pressure.
 A type o   xed-ori ce  owmeter uses a Pitot tube at 
the Y-connection.
 Ultrasonic  ow sensors use piezoelectric crystals 
that generate ultrasonic beams.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 6. Which spirometry measurement most re ects the  
caliber o  the large airways?

 (A)  orced vital capacity (FVC)
 (B)  orced expiratory volume in 1 second (FEV1)
 (C) peak expiratory flow (PEF)
 (D)  orced expiratory  low 25%–75% (FEF25%–75%)
 (E) DLCO

PEF is the maximum  ow achieved during  orced exha-
lation, and it re ects the caliber o  the large airways.
 FVC is the maximal volume o  air  orce ully exhaled 
a ter a maximal inspiration.
 FEV1 is the amount o  air exhaled during the  rst 
second o  the FVC.
 FEF25%–75% is the mean  orced expiratory  ow 
between 25% and 75% o  the FVC. A reduction in 
FEF25%–75% is suggestive o  small airway disease.
 DLCO is the di using capacity  or carbon monoxide 
and is a measure o  gas trans er in the lungs.

Ref: Levitzky MG. Pulmonary Physiology, 8th ed. New York, 
NY: McGraw Hill; 2013.

 7. Figure 22-1 shows a capnogram. Which labeled point 
is the best re ection o  alveolar CO2 partial pressure?

time

A  B

C

D

E

ETCO2

FIG. 22-1. Capnogram.
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 (A) A
 (B) B
 (C) C
 (D) D
 (E) E

Point D is the end-tidal CO2 (E CO2), which best 
re ects PaCO2. 
 A-B is phase I o  expiration and re ects anatomic 
dead space.
 B-C is phase II o  expiration and re ects a mixture 
o  both dead space and alveolar gas.
 C-D is phase III o  expiration (alveolar gas plateau) 
and re ects alveolar gas.
 D-E is due to inspiration. 

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 8. Which method o  measuring inspired oxygen concen-
tration utilizes oxygen’s structure o  having unpaired 
electrons in outer shell orbits?

 (A) paramagnetic oxygen analysis
 (B) galvanic cell analysis
 (C) polarographic oxygen analysis
 (D) in rared absorption spectrophotometry
 (E) mass spectrometry

Oxygen is paramagnetic, meaning it has unpaired elec-
trons in outer shell orbits. Paramagnetic oxygen analy-
sis utilizes this to correlate oxygen’s behavior in a mag-
netic  eld to oxygen concentration.
 Galvanic cell analysis measures current as oxygen 
di uses through a membrane and is reduced at the 
anode.
 Polarographic oxygen analysis measures current 
between an anode and cathode o  a polarographic elec-
trode. A polarographic electrode requires a small volt-
age to be applied to the two electrodes.
 In rared absorption spectrophotometry is used  or 
analyzing anesthetic gases and relies on absorption o  
in rared light passing through gas. Oxygen does not 
absorb in rared light and requires other monitoring 
methods.
 Mass spectrometry creates ion  ragments that are 
magnetically separated based on mass and charge.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 9. A rise in exhaled nitrogen (N2) can be associated  
with:

 (A) circuit disconnection
 (B) vaporizer mal unction
 (C) hypoventilation
 (D) endotracheal cuff leak
 (E) airway obstruction

Gas analysis can detect many critical events: 
•  Endotracheal cu   leak is detected by a rise in N2 (or 

decrease in CO2). 
•  Circuit disconnection is detected by a sudden drop 

in CO2, O2, or anesthetic agent.
•  Vaporizer mal unction is detected by a change in 

anesthetic agent.
•  Hypoventilation is detected by a change in CO2.
•  Airway obstruction is detected by a change in CO2.

Ref: Barash PG. Clinical Anesthesia, 7th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2013.

 10. For most surgical patients, the most likely cause o  peri-
operative heat loss is due to:

 (A) radiation
 (B) conduction
 (C) convection
 (D) evaporation

Radiant heat trans er means that objects o  higher 
temperature will radiate heat and objects o  lower tem-
perature will absorb heat. Radiation is the most signi -
cant cause o  heat loss in most surgical patients.
 Conductive heat trans er occurs when two sur aces 
with a temperature di erence are in close contact. T is 
usually accounts  or minimal heat loss in the operating 
room.
 Convective heat trans er occurs when air currents 
act to trans er heat  rom the patient to the environ-
ment. T is is usually the second-most signi cant cause 
o  heat loss in most surgical patients.
 Evaporative heat trans er  rom sweating (or surgical 
wounds) is signi cant  or premature in ants but usu-
ally not  or adults.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 11. Core temperature is best measured at which o  the  
 ollowing sites?

 (A) oral
 (B) axillary
 (C) rectal
 (D) tympanic
 (E) bladder

Core temperature can be measured with tympanic 
membrane, pulmonary artery, distal esophageal, or 
nasopharyngeal temperatures.
 Core temperature can be estimated with oral, axil-
lary, rectal, or bladder temperatures (note that bladder 
temperature is sensitive to urine  ow).

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 12. In order to measure a temperature increase accurately, 
which o  the  ollowing devices relies on using a semi-
conductor to measure a decrease in resistance? 

 (A) resistance thermometer
 (B) thermistor
 (C) thermocouple
 (D) in rared tympanic thermometer
 (E) mercury-in-glass thermometer

Resistance thermometers, thermistors, and thermo-
couples are examples o  electrical techniques  or mea-
suring temperature. A thermistor is a semiconductor 
and its resistance decreases when it is heated. T ey can 
be made very small and are commonly used in anesthe-
sia (pulmonary artery catheters and esophageal tem-
perature probes). 
 A resistance thermometer is based on the principle 
that a metal’s resistance increases with temperature.
 A thermocouple is a device made o  two di erent 
metals. A change in temperature results in a change in 
voltage or current.
 An in rared tympanic thermometer measures radi-
ant in rared emissions  rom the tympanic membrane 
via a thermopile (collection o  thermocouples).
 Mercury thermometers are based on the expansion 
o  mercury as its temperature increases.

Refs: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Sullivan G, Campbell E. Heat and temperature: continuing edu-
cation in anaesthesia. Crit Care Pain 2008;8(3):104–107.

 13. Which noninvasive method o  determining oxygen 
saturation (SO2) can accurately measure methemoglo-
bin (MetHb) concentrations?

 (A) co-oximetry
 (B) pulse co-oximetry
 (C) pulse oximetry
 (D) transcutaneous oximetry
 (E) re lectance pulse oximetry

Pulse co-oximetry is a noninvasive method that uses 
multiple wavelengths o  light to detect oxygen satura-
tion and other hemoglobin species including MetHb 
and carboxyhemoglobin.
 A co-oximeter can accurately measure MetHb con-
centrations but it is invasive as it requires a blood 
sample.
 Pulse oximetry is noninvasive and analyzes pulsatile 
blood  ow to measure arterial saturation (SpO2).  wo 
light-emitting diodes are used to discriminate between 
oxygenated and deoxygenated blood. A pulse co-oxim-
eter cannot accurately measure methemoglobin 
(MetHb). SpO2 approaches 85% at high levels o  
MetHb.
  ranscutaneous oximetry uses the same princi-
ples as pulse oximetry but does not discriminate 
between arterial and venous blood. It cannot mea-
sure MetHb.
 Re ectance pulse oximetry typically uses probes on 
the  orehead to measure re ected light and measure 
SpO2. It does not measure MetHb.

Ref: Barash PG. Clinical Anesthesia, 7th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2013.

 14. What is the e ect o  signi cant carboxyhemoglobin 
(COHb) concentrations on measured pulse oximetry 
(SpO2) values?

 (A) SpO2 is not signi icantly e  ected.
 (B) SpO2 remains at 85% over a wide range o  

COHb concentrations.
 (C) SpO2 is transiently reduced.
 (D) SpO2 is signi icantly reduced.
 (E) SpO2 is falsely elevated.

A traditional two-wavelength pulse oximeter cannot 
distinguish COHb  rom oxyhemoglobin. T ere ore, 
SpO2 will be  alsely elevated.
 SpO2 remains at 85% over a wide range o  methe-
moglobin concentrations.
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 SpO2 is transiently reduced when dyes such as 
indigo carmine are used.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 15. Noninvasive blood pressure monitoring equipment 
typically used in the operating room uses which o  the 
 ollowing measures to calculate systolic blood pressure?

 (A) presence o  1st Korotko   sound
 (B) determination o  dicrotic notch
 (C) maximal rate o  decrease o  oscillation
 (D) maximal rate of increase of oscillation
 (E) Doppler measurement o  sound waves 

Blood pressure may be assessed via a variety o  di erent 
noninvasive blood pressure (NIBP) measurement 
techniques:
•  palpation: cu   is in lated above systolic blood pres-

sure then de lated, systolic blood pressure is esti-
mated when palpated pulse appears (this o ten 
underestimates systolic blood pressure).

•  Doppler: cu   is in lated above systolic blood pressure 
then de lated, systolic blood pressure is estimated 
with detection o  pulse by Doppler  low probe.

•  auscultation: cu   is in lated above systolic blood 
pressure then de lated, systolic blood pressure is esti-
mate with detection o  the  irst Korotko   sound 
(disappearance o  Korotko   sounds correlates with 
diastolic blood pressure).

•  oscillometry: cu   is in lated above systolic blood 
pressure then de lated in a step-wise or continuous 
 ashion. Systolic blood pressure correlates with the 
point o  maximal rate o  increase o  oscillation (dia-
stolic blood pressure correlates with the point o  
maximal rate o  decrease o  oscillation).

 ypically, in the operating room, NIBP measurement 
relies on the oscillometric method (indeed, use o  the 
term “NIBP” is o ten assumed to be re erencing an 
oscillometric method).
 T e dicrotic notch may be noted on invasive blood 
pressure monitoring. It corresponds to the closure o  the 
aortic valve, which causes a transient upstroke (dicrotic 
notch) in the descending portion o  the arterial wave orm.

Ref: Ward M, Langton JA. Blood pressure measurement: 
continuing education in anaesthesia. Criti Care Pain 
2007;7(4):122–126.

 16. In preoperative anesthesia clinic, a medical student per-
 orms cardiac auscultation on a patient and reports the 
 ollowing  ndings: expiration—normal S1, narrowly 
split A2P2; inspiration—normal S1, increase in A2P2 
interval. T is is indicative o  which o  the  ollowing 
conditions?

 (A) normal finding
 (B) atrial septal de ect
 (C) right bundle branch block
 (D) aortic stenosis
 (E) pulmonary hypertension

S1, the  rst heart sound, indicates closure o  the mitral 
and tricuspid valves. S2, the second heart sound, indi-
cates closure o  the aortic (A2) and pulmonic (P2) 
valves. Physiologic splitting o  the A2P2 interval may 
occur in normal patients. Physiologic splitting is dem-
onstrated when the A2P2 interval increases with inspira-
tion and decreases with expiration.
 Right bundle branch block causes a widely split 
A2P2 interval as pulmonic valve closure is delayed (this 
also occurs in severe mitral regurgitation as the aortic 
valve closes early). Pulmonary hypertension results in a 
narrowly split and  xed A2P2 interval, while an atrial 
septal de ect results in a widely split and  xed A2P2 
interval ( xed =  no change during the respiratory 
cycle). Aortic stenosis (or other conditions that delay 
closure o  the aortic valve such as le t bundle branch 
block, hypertrophic obstructive cardiomyopathy, and 
myocardial ischemia) results in reversed (paradoxical) 
splitting. Reversed splitting means P2 is the initial 
sound  ollowed by A2, and the interval widens on 
expiration.

Ref: Kasper D, Fauci A, Hauser S, et al. Harrison’s Principles 
of Internal Medicine, 19th ed. New York, NY: McGraw 
Hill; 2015.

 17. An arterial blood sample is taken  rom a patient who is 
35°C and sent  or blood gas analysis. As the sample is 
heated and analyzed at 37°C, which o  the  ollowing 
changes will occur?

 (A) pH will increase
 (B) gas solubility will increase
 (C) hemoglobin a  inity  or O2 will increase
 (D) hemoglobin a  inity  or CO2 will increase
 (E) measured PO2 will be higher than at 35°C
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At 37°C, measured PO2 (and PCO2) are higher than at 
35°C. Heating a blood sample causes a decrease in pH, 
gas solubility, and hemoglobin a nity  or O2 and 
CO2. Modern blood gas analyzers correct pH, PO2, 
and PCO2  or temperature.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 18. A blood gas analyzer uses a Stow-Severinghaus elec-
trode to measure:

 (A) pH
 (B) PO2

 (C) PCO2

 (D) sodium (Na+ )
 (E) potassium (K+ )

T e Stow-Severinghaus electrode measures PCO2. A 
Clark electrode measures PO2. A pH-sensitive glass 
electrode measures pH. Other speci c electrodes 
can measure electrolytes such as sodium and 
potassium.

Refs: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Langton JA, Hutton A. Respiratory gas analysis: continuing 
education in anaesthesia. Crit Care Pain 2009;9(1): 
19–23.

 19. An arterial blood gas sample is le t on the anesthesia 
workstation  or 30 minutes be ore being sent  or analy-
sis. Arti actual changes in the arterial blood gas values 
may include:

 (A) increased PCO2

 (B) no change in PCO2

 (C) increased PO2

 (D) decreased PO2 i  there is an air bubble in the 
sample

 (E) increased pH

Storage longer than 20 minutes can cause increases in 
PCO2 and decreases in PO2 and pH due to cellular 
metabolism. An air bubble can erroneously elevate 
PO2 with little e ect on PCO2 and pH.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 20. In the operating room, the most common method to 
monitor carbon dioxide (CO2), nitrous oxide (N2O), 
and volatile anesthetic gas concentrations is with:

 (A) Raman scatter analysis
 (B) mass spectrometry
 (C) infrared absorption spectrophotometry
 (D) paramagnetic analysis
 (E) polarographic electrodes

In rared absorption spectrophotometry (IRAS) is the 
most common type o  expired gas analyzer in anesthe-
sia. It relies on di erences in absorption o  in rared 
light and can measure CO2, N2O, and volatile anes-
thetic gas concentrations.
 Raman scatter analysis and mass spectrometry are 
not commonly used in the operating room. Both 
Raman scatter analysis and mass spectrometry can mea-
sure CO2, N2O, and volatile anesthetic gas concentra-
tions. However, cost considerations have lead to IRAS 
supplanting both Raman scatter analysis and mass 
spectrometry in the operating room. Mass spectrome-
try creates ion  ragments that are magnetically sepa-
rated based on mass and charge. Raman scatter analysis 
uses a laser beam and detection o  emitted photons that 
are proportional to the gas concentration.
 Paramagnetic analyzers correlate oxygen’s behavior 
in a magnetic  eld to measure oxygen concentration.
 Polarographic analyzers measure the current 
between an anode and cathode o  a polarographic elec-
trode. T ey are used to measure oxygen concentration.

Refs: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

Langton JA, Hutton A. Respiratory gas analysis: continuing 
education in anaesthesia. Crit Care Pain 2009; 9(1): 
19–23.

 21. In order to measure the concentrations o  exhaled vol-
atile anesthetics, mass spectrometry relies on the con-
centration o  gas being related to the:

 (A) intensity o  transmitted light
 (B) amount o  current generated
 (C) change in resonant  requency
 (D) movement of an ionized sample
 (E) amount o  emitted photons
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Mass spectrometry moves a gas sample through a near-
vacuum. T e sample then moves to a second chamber 
where it is ionized. T e ions are accelerated through a 
magnetic  eld and separated according to their mass-
charge ratio.
 In rared absorption spectrophotometry analyzes a 
gas sample based on the intensity o  transmitted light.
 Polarographic (Clark) electrodes use the amount o  
current generated to determine oxygen concentration.
 Piezoelectric absorption uses two quartz crystals 
mounted between electrodes. As volatile anesthetics 
are absorbed, a change in resonant  requency occurs.
 Raman scatter analysis uses a laser beam and detec-
tion o  emitted photons that are proportional to the 
gas concentration.

Refs: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Langton JA, Hutton A. Respiratory gas analysis: continuing 
education in anaesthesia. Crit Care Pain 2009; 9(1):19–23.

 22. For an invasive measurement o  arterial blood pressure 
(arterial line), the natural  requency (Fn) o  the system 
should be optimized by:

 (A) adding lengths o  pressure tubing as required
 (B) limiting the number of stopcocks
 (C) adding an air bubble as required
 (D) decreasing the sti  ness o  the pressure tubing as 

required
 (E) “zeroing” at the level o  the right atrium

Natural  requency (Fn) describes the likelihood o  the 
measuring system to resonate. An optimal or high-
 delity arterial blood pressure monitoring system 
should have:
•  limited number o  stopcocks
•  short length o  sti   pressure tubing
•  no air bubbles (air bubbles decrease the Fn o  the 

system)
 In the supine patient, arterial lines are usually 
zeroed at the level o  the right atrium. T is does not 
a ect Fn.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 23. How can an elevated damping coe cient (ζ )  or an 
arterial blood pressure wave orm alter blood pressure 
measurements?

 (A) Diastolic blood pressure is  alsely decreased.
 (B) Systolic blood pressure is falsely decreased.
 (C) Systolic blood pressure i   alsely increased.
 (D) Mean arterial pressure is  alsely decreased.
 (E) Mean arterial pressure is  alsely increased.

T e damping coe cient (ζ ) describes the tendency o  
 uid in the measuring system to damp motion. An 
increased damping coe cient causes underestimation 
o  systolic blood pressure ( alsely decreased).
 Overdamping also causes  alsely narrowed pulse 
pressure and elevated diastolic blood pressure (mean 
pressure is relatively unchanged). 

Ref: Longnecker DE, Brown DL, Newman MF, et al. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012.

 24. Auscultation o  Korotko  sounds allows  or indirect 
measurement o  arterial blood pressure. Which phase 
corresponds to systolic blood pressure?

 (A) phase I
 (B) phase II
 (C) phase III
 (D) phase IV
 (E) phase V

Phase I, when the  rst Korotko  sound is audible, is 
accepted as the systolic blood pressure.
 During phases II and III, the character o  the sound 
changes. In phase IV, the sound becomes muf ed. In 
phase V, the sound is absent.

Ref: Longnecker DE, Brown DL, Newman MF, et al. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012.

 25. Most automatic noninvasive blood pressure (NIBP) 
monitors use which o  the  ollowing methods to deter-
mine blood pressure?

 (A) Doppler
 (B) motion o  the arterial wall
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 (C) photo-oscillometry
 (D) oscillometry
 (E) Riva-Rocci method

Most NIPB monitors use oscillometry to determine 
blood pressure. Mean blood pressure corresponds to 
the point o  peak oscillations. Systolic and diastolic 
blood pressure is then calculated.
 Other methods o  NIPB measurement include 
Doppler, motion o  the arterial wall, and photo- 
oscillometric techniques.
 T e Riva-Rocci method estimates systolic blood 
pressure as the pressure when palpated radial pulse dis-
appears with cu  in ation.

Ref: Longnecker DE, Brown DL, Newman MF, et al.  
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 2012.

 26. In a cell salvage machine  or autotrans usion, which o  
the  ollowing methods is used to separate red blood 
cells  rom waste?

 (A) large bore, dual lumen, low pressure suction
 (B) citrate-based anticoagulant
 (C) 40–150 µm  ilters
 (D) centrifuge
 (E) photo-optical density  ilter

Cell salvage machines use a centri uge to separate red 
blood cells (RBCs)  rom plasma. T e RBCs are more 
dense and separate against the outer wall o  the centri-
 uge while plasma stays in the center where it moves to 
a waste bag.
 Large bore, dual lumen, low pressure suction is used 
to collect blood  rom the operative  eld. Either hepa-
rin or citrate can be used as an anticoagulant; this does 
not aid in separation. Filters (40–150 µm) are used to 
separate debris and large clots. When the collected 
RBCs reach a certain density, as determined by photo-
optics, washing is initiated.

Ref: Kuppurao L, Wee M. Perioperative cell salvage: continu-
ing education in anaesthesia. Crit Care Pain 2010;10(4): 
104–108.

 27. Which o  the  ollowing methods  or blood warming is 
use ul  or large-volume trans usion o  red blood cells 
(> 100 mL/min)?

 (A) countercurrent metal warming
 (B) convection air warming

 (C) magnetic induction
 (D) prewarming in a convection cabinet
 (E) dry heat warming plates

 wo methods o  blood warming that are compatible 
with high- ow (> 100 mL/min) blood trans usion 
include countercurrent water baths (Level 1 H-1200) 
and magnetic induction (FMS 2000, Belmont). Both 
also have sa ety  eatures to prevent air emboli. Counter-
current metal warming, convection air warming, and 
dry heat warming plates are used in a variety o  warm-
ing devices that are compatible with moderate trans u-
sion requirements (< 100 mL/min). Prewarming in a 
convection cabinet is use ul  or warming crystalloids. 
T is device should not be used  or blood products.

Ref: Smith CE, Wagner K. Principles o   uid and blood 
warming in trauma. Int Trauma Care 2008;18(1): 
71–79.

 28. Which o  the  ollowing strategies to maintain normo-
thermia in an operating room surgical patient would be 
most success ul?

 (A) increase room temperature to 21°C
 (B) warm cotton blanket
 (C) space blanket
 (D) circulating-water mattress
 (E) forced-air blanket

Warm-  orced-air blankets maintain normothermia, 
as they reduce heat loss  rom the skin. Room tem-
perature is an important  actor  or heat loss. How-
ever, room temperature usually must be > 23°C to 
maintain normothermia. T is is usually too warm  or 
OR sta ! Cotton blankets (warm or room tempera-
ture) or space blankets work by adding passive insula-
tion to the skin. Passive insulation alone is usually 
insu cient to maintain normothermia. Warm circu-
lating-water mattresses are not e ective, as insigni -
cant amounts o  heat are lost  rom the back. Warm 
circulating-water garments placed over the patient are 
e ective.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 29. In the United States, what color is an E-cylinder o  
oxygen?

 (A) yellow
 (B) blue
 (C) green
 (D) black
 (E) black and white

Medical gas cylinders are color-coded. In the United 
States:
•  oxygen =  green
•  air =  yellow
• nitrous oxide =  blue
•  nitrogen =  black
 Internationally, color codes  or medical gas cylin-
ders di er  rom those in the United States:
•  oxygen =  white
•  air =  black and white
•  nitrous oxide =  blue
•  nitrogen =  black

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 30. Which method is used to connect the pipeline medical 
gas supply to an anesthesia machine?

 (A) quick-couplers
 (B) pin index sa ety system
 (C) diameter index safety system
 (D) yoke inlet assembly
 (E) pipeline check valve

T e diameter index sa ety system (DISS) ensures the 
central (pipeline) supply o  medical gas  or oxygen, air, 
and nitrous oxide is correctly attached to the anesthe-
sia machine. T e pin index sa ety system (PISS) ensures 
the gas cylinder (usually oxygen) is correctly attached 
to the anesthesia machine. Holes in the cylinder valve 
correspond to pins in the yoke o  the anesthesia 
machine.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 31. During surgery, the line isolation monitor (LIM) begins 
to alarm, indicating that leakage current exceeds 5 mA. 
A piece o  equipment identi ed as  aulty is considered 
li e supporting. What should happen next?

 (A) continue surgery; connect the  aulty equipment 
to a ground- ault circuit interrupter (GFCI)

 (B) continue surgery; do not connect any addi-
tional electronic equipment

 (C) continue surgery; do not use the electrosurgical 
unit (ESU)

 (D) stop surgery; patient is at imminent risk o   
macroshock

 (E) stop surgery; patient is at imminent risk o  
microshock

A line isolation monitor (LIM) indicates when the 
power system is no longer isolated  rom ground. A sec-
ond  ault in the system is required  or an electrical 
shock. I  the LIM alarms, it could mean that a  aulty 
piece o  equipment is plugged into the isolated power 
system. T e equipment should be identi ed and 
removed i  possible. I  the piece o  equipment is 
deemed to be li e supporting, surgery can continue but 
no other pieces o  electronic equipment should be con-
nected, as the power system is no longer isolated  rom 
ground.
 A ground- ault circuit interrupter (GFCI) prevents 
electrical shocks, but it would interrupt power delivery 
to the li e-supporting piece o  equipment, rendering it 
non unctional.

Ref: Barash PG. Clinical Anesthesia, 7th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2013.

 32. O  all the methods employed to prevent the delivery o  
a hypoxic mixture, which sa ety  eature o  the anesthe-
sia workstation is the most  ail-sa e?

 (A) low oxygen pressure alarm
 (B) vaporizer interlock device
 (C) oxygen  lush mechanism
 (D) oxygen concentration monitor
 (E) oxygen/nitrous oxide ratio controller

T e oxygen concentration monitor is in the inspira-
tory or expiratory limb o  the breathing circuit. T is 
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will alarm i  oxygen concentration  alls below a critical 
level. It will detect a leak in the low-pressure circuit o  
the anesthesia machine. It directly measures oxygen 
concentration and does not rely on measuring gas 
pressure.
 T e low oxygen pressure alarm is activated i  inlet 
gas pressure drops below a certain threshold. T e oxy-
gen/nitrous oxide ratio controller device is a propor-
tioning system that reduces nitrous oxide gas  ow as 
oxygen pressure decreases. Both o  these can be 
de eated i  the gas line is misconnected and the pres-
surizing gas contains inadequate oxygen.
 T e oxygen  ush mechanism delivers oxygen to the 
common gas outlet and bypasses the  owmeters and 
vaporizers.
 T e vaporizer interlock device prevents the admin-
istration o  more than one volatile anesthetic at a 
time.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 33. What is the NIOSH-recommended limit  or operating 
room waste gas concentrations when both nitrous oxide 
and a halogenated agent are used?

 (A) time-weighted average of 25 ppm for nitrous 
oxide; 0.5 ppm for halogenated agent

 (B) time-weighted average o  25 ppm  or nitrous 
oxide; 2 ppm  or halogenated agent

 (C) time-weighted average o  50 ppm  or nitrous 
oxide; 0.5 ppm  or halogenated agent

 (D) time-weighted average o  50 ppm  or nitrous 
oxide; 2 ppm  or halogenated agent

 (E) time-weighted average o  2 ppm  or nitrous 
oxide; 0.5 ppm  or halogenated agent

NIOSH-recommended limits  or time-weighted aver-
age exposure to both nitrous oxide and halogenated 
agent are 25 ppm and 0.5 ppm, respectively. I  haloge-
nated agent is used alone, the recommended limit is 
2 ppm. I  nitrous oxide is used alone, the recom-
mended limit is 25 ppm.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 CHAPTER 23

Electrical Safety and Defibrillation

 1. Preoperatively, a patient is wearing a metal umbilical 
(belly button) ring. T e planned surgical procedure is 
on the le t arm and it requires the use o  an electrosur-
gical unit (ESU). T e patient is in ormed o  potential 
risks but re uses to remove the item. O  the  ollowing 
options, what is the most appropriate course o  action?

 (A) no alteration is required as the line isolation 
monitor (LIM) will detect potential microshock

 (B) li t and tape the umbilical ring so the smallest 
possible area is in contact with the skin

 (C) tape the umbilical ring  lat to the abdomen
 (D) place the dispersive electrode (grounding pad) 

on the opposite side o  the surgical site
 (E) have the surgeon use a unipolar ESU rather than 

a bipolar ESU

 2. An operating room is equipped with a line isolation 
monitor (LIM). What does activation o  the LIM alarm 
mean?

 (A)  he ground  ault circuit interrupter (GFCI) is 
now active.

 (B)  he patient is grounded.
 (C)  he power supply is grounded.
 (D) A piece o  electrical equipment is grounded.
 (E)  here is signi icant static buildup on the operat-

ing room  loor.

 3. A patient is undergoing surgery with a general anes-
thetic, standard monitors, a central venous catheter, 
and the use o  a unipolar electrosurgery unit (ESU). In 
order to minimize a patient’s risk o  microshock, which 
 actor is the LEAS  important?

 (A) ensure all electrical equipment has intact ground 
wires

 (B) wear gloves be ore handling the central venous 
catheter

 (C) avoid touching electrical devices and the central 
venous catheter at the same time

 (D) do not let nerve stimulator wires come in con-
tact with central venous catheter

 (E) use a line isolation monitor (LIM) to ensure an 
ungrounded power source

 4. Microshock, or direct current to the heart, can cause 
ventricular  brillation at relatively low currents. What 
is the maximum recommended leakage current  or 
catheters or electrodes contacting the heart?

 (A) 1 µA
 (B) 10 µA
 (C) 100 µA
 (D) 10 mA
 (E) 100 mA
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 5. A patient is having a super cial surgical procedure on 
the posterior aspect o  the neck. Anesthetic technique 
includes local anesthesia with intravenous sedation. 
Oxygen is supplied to the patient via  ace mask at 
5 L/min. Chlorhexidine digluconate is used to prepare 
the skin. A ter use o  an electrosurgery unit (ESU), a 
 re starts in the drape material. T e FIRS  course o  
action should be to:

 (A) remove the drapes and burning material
 (B) extinguish the  ire with saline
 (C) extinguish the  ire with a CO2  ire extinguisher
 (D) turn o   the oxygen supply
 (E) activate the  ire alarm

 6. A patient is in cardiac arrest with a rhythm o  pulseless 
ventricular  brillation (VF). A monophasic de brilla-
tor is rapidly prepared  or a one-shock protocol. 
According to the 2015 American Heart Association 
(AHA) guidelines  or cardiopulmonary resuscitation 
(CPR), what is the correct energy to select?

 (A) 100 J 
 (B) 150 J 
 (C) 200 J 
 (D) 300 J 
 (E) 360 J

 7. Synchronized cardioversion is most e ective treating 
which o  the  ollowing cardiac rhythms?

 (A) junctional tachycardia
 (B) multi ocal atrial tachycardia
 (C) atrial  lutter
 (D) polymorphic ventricular tachycardia 
 (E) ventricular  ibrillation

 8. Depending on the type o  device, external de brillators 
may deliver energy via a variety o  di erent wave orms. 
A general classi cation includes monophasic and 
biphasic wave orms. In comparison to monophasic 
wave orm de brillators, in which o  the  ollowing ways 
are biphasic wave orm de brillators superior?

 (A) Biphasic wave orms have a higher de ibrillation 
threshold.

 (B) Biphasic wave orms require more energy  or suc-
cess ul de ibrillation.

 (C) Biphasic wave orms permit reduction in the size 
o  the de ibrillator.

 (D) Biphasic wave orms are associated with a higher 
rate o  return to spontaneous circulation.

 (E) Biphasic wave orms increase the survival rate o  
cardiac arrest patients.

 9. Only a  raction o  the energy o  a de brillator reaches 
the heart due to transthoracic impedance.  o increase 
the current that reaches the heart, which o  the  ollow-
ing techniques should be employed?

 (A) use smaller electrode pads or paddles
 (B) place electrode pads or paddles in the anterior-

posterior position 
 (C) use pressure on the electrode pads or paddles
 (D) avoid use o  conductive material at skin- 

electrode inter ace
 (E) deliver shock in the inspiratory phase o   

ventilation

 10. Automated external de brillators (AEDs) may per orm 
which o  the  ollowing  unctions?

 (A) synchronized cardioversion  or atrial  ibrillation
 (B) shock ventricular tachycardia with a pulse
 (C) warn i  AED poses a shock hazard to rescuer 
 (D) identi y i  patient has signs o  circulation
 (E) identi y i  transthoracic impedance is too low
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Answers and Explanations: 
Electrical Safety and Defibrillation

 1. Preoperatively, a patient is wearing a metal umbilical 
(belly button) ring. T e planned surgical procedure is 
on the le t arm and it requires the use o  an electrosur-
gical unit (ESU). T e patient is in ormed o  potential 
risks but re uses to remove the item. O  the  ollowing 
options, what is the most appropriate course o  action?

 (A) no alteration is required as the line isolation 
monitor (LIM) will detect potential microshock

 (B) li t and tape the umbilical ring so the smallest 
possible area is in contact with the skin

 (C) tape the umbilical ring flat to the abdomen
 (D) place the dispersive electrode (grounding pad) 

on the opposite side o  the surgical site
 (E) have the surgeon use a unipolar ESU rather than 

a bipolar ESU

An electrosurgical unit (ESU) operates at high  re-
quencies and applies high current via a small sur ace 
area electrode. Unipolar electrosurgery applies electric 
current through one electrode that is collected by a dis-
persive electrode (grounding pad) placed remote  rom 
the surgical site. Bipolar electrosurgery applies and col-
lects electric current through a set o   orceps; there is 
no need  or a dispersive electrode (grounding pad).
 Metal jewelry can potentially cause a burn when an 
ESU is used, as the metal jewelry can reconcentrate 
some o  the electric current passing nearby. Remove all 
metal jewelry to eliminate this risk. I  this is not pos-
sible, tape metal jewelry against the skin with as large a 
contact area as possible—in this case, tape the umbili-
cal ring f at to the abdomen. Also,  or unipolar electro-
surgery, place the dispersive electrode (grounding pad) 

so that jewelry is not in the path o  the current travel-
ing to the grounding pad; in this case it should be 
placed on the same side as the surgical site. A line isola-
tion monitor will not protect a patient wearing metal 
jewelry  rom potential burn risks.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 2. An operating room is equipped with a line isolation 
monitor (LIM). What does activation o  the LIM alarm 
mean?

 (A)  he ground  ault circuit interrupter (GFCI) is 
now active.

 (B)  he patient is grounded.
 (C) The power supply is grounded.
 (D) A piece o  electrical equipment is grounded.
 (E)  here is signi icant static buildup on the operat-

ing room  loor.

Power supplied to most operating rooms is ungrounded. 
A line isolation monitor (LIM) alerts personnel i  the 
power system becomes grounded. 
 A GFCI interrupts power to prevent electrical 
shock. It will turn o  i  it detects a power line con-
nected to ground.
 Historically, operating rooms were constructed with 
conductive f ooring to reduce risk o   re due to buildup 
o  static charge igniting f ammable anesthetics.
 Neither a GFCI nor static buildup is monitored by 
a LIM.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 3. A patient is undergoing surgery with a general anes-
thetic, standard monitors, a central venous catheter, 
and the use o  a unipolar electrosurgery unit (ESU). In 
order to minimize a patient’s risk o  microshock, which 
 actor is the LEAS  important?

 (A) ensure all electrical equipment has intact ground 
wires

 (B) wear gloves be ore handling the central venous 
catheter

 (C) avoid touching electrical devices and the central 
venous catheter at the same time

 (D) do not let nerve stimulator wires come in con-
tact with central venous catheter

 (E) use a line isolation monitor (LIM) to ensure 
an ungrounded power source

A line isolation monitor (LIM) does not protect  rom 
microshock.  o minimize the risk o  microshock, ensure 
all electrical equipment has intact ground wires, wear 
gloves be ore handling a central venous catheter, avoid 
touching electrical devices and a central venous catheter 
at the same time, and do not let nerve stimulator wires 
come in contact with the central venous catheter.

Ref: Barash PG. Clinical Anesthesia, 7th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2013.

 4. Microshock, or direct current to the heart, can cause 
ventricular  brillation at relatively low currents. What 
is the maximum recommended leakage current  or 
catheters or electrodes contacting the heart?

 (A) 1 µA
 (B) 10 µA
 (C) 100 µA
 (D) 10 mA
 (E) 100 mA

10 µA is the maximum allowable leakage current  or 
electrodes or catheters contacting the heart.
 A microshock o  100 µA can cause ventricular 
 brillation.
 For macroshock current through the body:
•  1 mA is the threshold o  perception
•  10–20 mA is the maximum “let-go” current be ore 

a person is unable to release contact
•  100–300 mA can cause ventricular  ibrillation.
(A LIM will alarm at 5 mA.)

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 5. A patient is having a super cial surgical procedure on 
the posterior aspect o  the neck. Anesthetic technique 
includes local anesthesia with intravenous sedation. 
Oxygen is supplied to the patient via  ace mask at 
5 L/min. Chlorhexidine digluconate is used to prepare 
the skin. A ter use o  an electrosurgery unit (ESU), a 
 re starts in the drape material. T e FIRS  course o  
action should be to:

 (A) remove the drapes and burning material
 (B) extinguish the  ire with saline
 (C) extinguish the  ire with a CO2  ire extinguisher
 (D) turn off the oxygen supply
 (E) activate the  ire alarm

According to the “ASA Practice Advisory  or the Pre-
vention and Management o  Operating Room Fires” 
(2008),  or a  re on a patient:
•  turn o   gases;
•  remove drapes and burning materials;
•  extinguish  lames with water, saline, or  ire extin-

guisher;
•  assess patient’s status, devise care plan, assess  or 

smoke inhalation.

Ref: Barash PG. Clinical Anesthesia, 7th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2013.

 6. A patient is in cardiac arrest with a rhythm o  pulseless 
ventricular  brillation (VF). A monophasic de brilla-
tor is rapidly prepared  or a one-shock protocol. 
According to the 2015 American Heart Association 
(AHA) guidelines  or cardiopulmonary resuscitation 
(CPR), what is the correct energy to select?

 (A) 100 J 
 (B) 150 J 
 (C) 200 J 
 (D) 300 J 
 (E) 360 J

Optimal energy level  or de brillation is unknown. Rec-
ommendations attempt to balance the risks o  myocar-
dial damage with the bene ts o  rapid termination o  VF. 
T e 2015 AHA guidelines  or CPR recommend 360 J 
 or the  rst shock (and subsequent shocks) with a mono-
phasic de brillator. Energy level  or a biphasic de brilla-
tor should  ollow the manu acturer’s recommendation 
(120–200 J); i  the recommended dose is unknown, the 
maximal dose may be considered. Currently all manu ac-
tured de brillators use biphasic wave orms.
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Ref: Link MS, Berkow LC, Kudenchuk PJ, et al. Part 7: 
Adult advanced cardiovascular li e support: 2015 
American Heart Association Guidelines Update  or 
Cardiopulmonary Resuscitation and Emergency Car-
diovascular Care. Circulation 2015;132:S444–S464

 7. Synchronized cardioversion is most e ective treating 
which o  the  ollowing cardiac rhythms?

 (A) junctional tachycardia
 (B) multi ocal atrial tachycardia
 (C) atrial flutter
 (D) polymorphic ventricular tachycardia 
 (E) ventricular  ibrillation

Synchronized cardioversion is recommended to treat 
atrial f utter and other arrhythmias due to re-entry such 
as atrial  brillation, atrioventricular nodal re-entrant 
tachycardia (AVNR ), and monomorphic ventricular 
tachycardia (V ) with a pulse. Cardioversion is ine ec-
tive  or treatment o  multi ocal atrial tachycardia and 
junctional tachycardia. Polymorphic V  or pulseless 
monomorphic V  requires high-energy unsynchro-
nized shocks. I  synchronized cardioversion is attempted 
 or ventricular  brillation, a shock may not be delivered 
due to  ailure to detect a QRS wave.

Ref: White RD, Cudnik M , Berg MD, et al. Part 6: Electri-
cal therapies: automated external de brillators, de brilla-
tion, cardioversion, and pacing: 2010 American Heart 
Association guidelines  or cardiopulmonary resuscitation 
and emergency cardiovascular care. Circulation 2010;122: 
S706–S719.

 8. Depending on the type o  device, external de brillators 
may deliver energy via a variety o  di erent wave orms. 
A general classi cation includes monophasic and 
biphasic wave orms. In comparison to monophasic 
wave orm de brillators, in which o  the  ollowing ways 
are biphasic wave orm de brillators superior?

 (A) Biphasic wave orms have a higher de ibrillation 
threshold.

 (B) Biphasic wave orms require more energy  or suc-
cess ul de ibrillation.

 (C) Biphasic waveforms permit reduction in the 
size of the defibrillator.

 (D) Biphasic wave orms are associated with a higher 
rate o  return to spontaneous circulation.

 (E) Biphasic wave orms increase the survival rate o  
cardiac arrest patients.

Biphasic wave orm de brillators are smaller in size and 
weigh less than monophasic wave orm de brillators. 
T is has enabled the development o  automated exter-
nal de brillators (AEDs)  or placement in the commu-
nity as part o  lay rescuer AED programs. A monophasic 
wave orm de brillator delivers current in only one 
direction while a biphasic wave orm de brillator deliv-
ers current in one direction  ollowed by a reversal o  f ow 
in the opposite direction. Biphasic wave orm de brilla-
tors require less energy  or success ul de brillation, as 
the de brillation threshold is lower as compared to that 
o  monophasic wave orm de brillators. Biphasic de -
brillators are superior to monophasic de brillators as 
they are more likely to terminate either atrial or ven-
tricular arrhythmias. However, there is no evidence 
 rom human studies to show that biphasic wave orms 
increase survival a ter cardiac arrest or are associated 
with a higher rate o  return to spontaneous circulation.

Refs: White RD, Cudnik M , Berg MD, et al. Part 6: Elec-
trical therapies: automated external de brillators, de bril-
lation, cardioversion, and pacing: 2010 American Heart 
Association guidelines  or cardiopulmonary resuscitation 
and emergency cardiovascular care. Circulation 2010;122: 
S706–S719.

Link MS, Berkow LC, Kudenchuk PJ, et al. Part 7: Adult 
advanced cardiovascular li e support: 2015 American 
Heart Association Guidelines Update  or Cardiopulmo-
nary Resuscitation and Emergency Cardiovascular Care. 
Circulation 2015;132:S444–S464

 9. Only a  raction o  the energy o  a de brillator reaches 
the heart due to transthoracic impedance.  o increase 
the current that reaches the heart, which o  the  ollow-
ing techniques should be employed?

 (A) use smaller electrode pads or paddles
 (B) place electrode pads or paddles in the anterior-

posterior position 
 (C) use pressure on the electrode pads or paddles
 (D) avoid use o  conductive material at skin- 

electrode inter ace
 (E) deliver shock in the inspiratory phase o  ventilation

T e use o  pressure on the electrode pads or paddles 
can reduce transthoracic impedance and increase the 
current delivered to the heart. Other methods o  
reducing transthoracic impedance include: 
•  use o  larger electrode pads or paddles 
•  use o  conductive gel pads or electrode paste 
•  delivery o  shock in the expiratory phase o   

ventilation
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 ransthoracic impedance is not signi cantly altered by 
position o  the electrode pads or paddles (anterior-
apex, apex-posterior, or anterior-posterior).

Ref: Delgado H,  oquero J, Mitroi C, Castro V, and Fernán-
dez Lozano I, Principles o  external de brillators, cardiac 
de brillation, Dr. Damir Erkapic (Ed.), InTech, doi: 
10.5772/52512. Available  rom: http://www.intechopen.
com/books/cardiac-de brillation/principles-o -external- 
de brillators

 10. Automated external de brillators (AEDs) may per orm 
which o  the  ollowing  unctions?

 (A) synchronized cardioversion  or atrial  ibrillation
 (B) shock ventricular tachycardia with a pulse
 (C) warn i  AED poses a shock hazard to rescuer 
 (D) identi y i  patient has signs o  circulation
 (E) identi y i  transthoracic impedance is too low

Automated external de brillators (AEDs) may shock 
ventricular tachycardia with a pulse. AEDs analyze the 

ECG signal and are designed to identi y and shock 
ventricular  brillation (VF). AEDs cannot identi y i  a 
patient has signs o  circulation and may recommend to 
shock monomorphic or polymorphic ventricular 
tachycardia i  the rate exceeds preset values. T is rein-
 orces that AEDs should only be used  or unresponsive 
patients who are not breathing and without signs o  
circulation. AEDs cannot deliver synchronized shocks. 
AEDs cannot warn i  the rescuer is at risk o  shock, 
such as when the patient is in  reestanding water. T e 
rescuer must identi y this situation and move the 
patient to a sa e location. AEDs will warn i  transtho-
racic impedance is too high with a “check electrodes” 
message. I  necessary, remove hair or dry the chest to 
improve electrode pad contact.

Ref: T e American Heart Association in collaboration with 
the International Liaison Committee on Resuscitation. 
Guidelines  or cardiopulmonary resuscitation and emer-
gency cardiovascular care. Part 4: the automated external 
de brillator: key link in the chain o  survival. Circulation 
2000;102:I60–I76.
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 CHAPTER 24

Mathematics

 1. Which o  the  ollowing is an example o  a logarithmic 
scale?

 (A) Likert scale
 (B) pH scale
 (C) visual analog scale
 (D) verbal rating scale
 (E) centigrade temperature scale

 2. A resident puts a sandwich contaminated with S. aureus 
in her bag at 9 a.m. in the morning and keeps it at 
room temperature until noon. Assuming there were 
200 colony- orming units (CFU)/mL at 9 a.m. and the 
bacteria divide every 20 minutes at room temperature, 
what will the population density o  bacteria be when 
she takes a big juicy bite o  it at noon? 

 (A) 29 CFU/mL
 (B) 51,200 CFU/mL
 (C) 102,400 CFU/mL
 (D) 2009 CFU/mL
 (E) too gross to bother answering

 3. T e  ollowing  gure (Figure 24-1) plots cumulative 
incidence o  recurrence versus time in groups that were 
at high or normal risk  or the recurrent event. Which 
o  the  ollowing can be correctly stated regarding this 
curve?
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FIG. 24-1. Kaplan–Meier survival curve for recurrence of stones 
in patients at high versus normal risk. (Drawn from data in Borghi 
L, Schianchi T, Meschi T, et al. Comparison of two diets for the 
prevention of recurrent stones in idiopathic hypercalciuria. N Engl 
J Med 2002;346:77–88.)

 (A) Signi icance between the two groups can be  
calculated using McNemar’s test.

 (B)  he risk classi ication system is valid.
 (C)  he risk classi ication should have been initiated 

9 months earlier.
 (D) At 30 months the high-risk patients had 300% 

more recurrence than did low-risk patients.
 (E)  he high-risk curve is invalid because o  the 

multiple prolonged  lat segments.
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 4. Which o  the  ollowing statements is  RUE regarding 
the Forest plot shown in Figure 24-2?

0.01
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FIG. 24-2. A Forest plot summarizing the odds ratio for five studies 
(labeled A–E).

 (A) Study B has the narrowest con idence interval.
 (B) Study C is statistically signi icant.
 (C) Study E is statistically signi icant.
 (D)  heir is a signi icant di  erence between the 

summed total o  the two groups.
 (E) Study D has the largest weight.

 5. You have plotted a set o  data regarding hospital length 
o  stay  or hip  racture patients. T e distribution curve 
looks like this:
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FIG. 24-3. A distribution curve for hospital length of stay.

Which o  the  ollowing calculated values would you 
expect to be LOWES ?

 (A) mean
 (B) median
 (C) mode
 (D) midpoint
 (E) range

 6. A set o  data is normally distributed. What proportion 
o  that data will be within 2 standard deviations o  the 
mean? 

 (A) 68.2%
 (B) 72.5%
 (C) 87.5%
 (D) 95.4%
 (E) 99.7%

 7. Which o  the  ollowing statements regarding con -
dence intervals (CI) is NO   RUE?

 (A) CI are derived  rom the standard error o  the 
mean.

 (B) CI can be used to assess the precision o  popula-
tion parameter estimates.

 (C)  he width o  the CI depends on the degree o  
con idence required.

 (D)  he width o  the CI depends on the sample size.
 (E)  he width o  the CI depends on the mean value 

o  the sample.
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 8. An analysis o  variance (ANOVA) compares: 

 (A) standard deviations
 (B) means
 (C) standard errors o  the mean
 (D) proportions
 (E) variances

 9. A resident is conducting a research project on the e -
cacy o  a new noninvasive cardiac output apparatus. I  
the resident rejects a true null hypothesis, this is known 
as which type o  error? 

 (A)  ype I
 (B)  ype A
 (C)  ype II
 (D)  ype B
 (E) A waste o  his research elective

 10. You present a meta-analysis at your department’s jour-
nal club. T e conclusions o  a meta-analysis can be 
rendered invalid by which o  the  ollowing?

 (A) clinical heterogeneity
 (B) statistical heterogeneity
 (C) database bias
 (D) symmetrical  unnel plot
 (E) English-language bias

 11. T e chi-square test  or independence assesses which o  
the  ollowing?

 (A) whether the minimum number o  cases exceed 
recommended boundaries

 (B) whether there is a relationship between the  
population and the sample

 (C) whether there is a relationship between two  
categorical variables

 (D) whether there is a signi icant di  erence between 
values taken at time 1 and values taken at time 2

 (E) none o  the above

 12. One hundred patients with a headache receive a new 
non-steroidal anti-in ammatory drug (NSAID)  or 
treatment o  their pain. I  25 patients, who would still 
have had a headache had they received placebo, experi-
enced relie , then the number needed to treat (NN ) 
 or this NSAID to relieve headache pain is: 

 (A) 1.3
 (B) 4
 (C) 12.5
 (D) 25
 (E) 100

 13. Microso t Windows and Mac OS X are examples o : 

 (A) graphic programs
 (B) operating systems 
 (C)  ile management suites
 (D) database programs
 (E) email and communication so tware

 14. T e de ning characteristic o  a computer virus is: 

 (A) it replicates itsel  when executed without the 
user’s consent

 (B) it damages the host computer/device in some 
manner

 (C) it renders the computer/device open to other 
viruses

 (D) it only attacks Windows-based computers
 (E) it only stops when it has succeeded in corrupting 

a certain number o   iles

 15. Which o  the  ollowing is LEAS  likely to cause hard 
disk drive  ailure? 

 (A) head crash
 (B) extreme heat
 (C) excessive magnetic  ields
 (D) normal wear and tear
 (E) a virus intended to divert  ractions o  a cent with 

every transaction
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 16. As it applies to anesthesiology, the term “Big Data” 
re ers to: 

 (A) data  rom studies recruiting > 500 subjects
 (B) large-scale, compiled patient data  rom  

electronic health records
 (C) data analyzed and presented by only large,  

reputable journals
 (D) data  rom only prospectively collected databases
 (E) data  rom one o  12 approved studies  rom the 

ASA 
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Answers and Explanations: 
Mathematics

 1. Which o  the  ollowing is an example o  a logarithmic 
scale?

 (A) Likert scale
 (B) pH scale
 (C) visual analog scale
 (D) verbal rating scale
 (E) centigrade temperature scale

T e logarithm o  a given number is the exponent to 
which a  xed base number must be raised to produce 
that number. As an example, the logarithm o  10,000 
to base 10 is 4, since 104 is 10,000. Logarithmic scales 
are common in physiology and medicine. Hal -lives o  
drugs or radioactivity are measured using logarithmic 
scales, as are decibels and pH. T ey are a use ul way o  
presenting in ormation graphically on a single page 
that would otherwise be di cult due to the large range 
o  values.
 pH is a measure o  the concentration o  hydrogen 
ions in aqueous solution. It is de ned as the negative 
logarithm o  that concentration and mathematically 
can be written as:

pH =  - log10 [H+ ]

 Since the scale is logarithmic, every unit change 
increases or decreases the concentration by a  actor o  
10. T e number o  hydrogen ions in solution at a pH 
o  6 is 10 times that in a solution with a pH o  7.
 T e visual analog, verbal rating, Likert, and centi-
grade scales are all linear scales, where any integer 
increase in value is equal in intensity or degree o  
change to any other similar integer increase.

Ref: Barrett KE, Boitano S, Barman SM, et al. Ganong’s 
Review o  Medical Physiology, 24th ed. New York, NY: 
McGraw Hill; 2012.

 2. A resident puts a sandwich contaminated with S. aureus 
in her bag at 9 a.m. in the morning and keeps it at 
room temperature until noon. Assuming there were 
200 colony- orming units (CFU)/mL at 9 a.m. and the 
bacteria divide every 20 minutes at room temperature, 
what will the population density o  bacteria be when 
she takes a big juicy bite o  it at noon? 

 (A) 29 CFU/mL
 (B) 51,200 CFU/mL
 (C) 102,400 CFU/mL
 (D) 2009 CFU/mL
 (E) too gross to bother answering

T is problem involves exponential growth (in this 
case, o  bacteria). In general, we describe exponential 
growth in biological systems in terms o  doubling 
times, or the time it takes  or the population to increase 
by 100%. Using this methodology, the total popula-
tion can be solved by:

 otal amount (accumulated) =   (initial amount)  
[1 +  (rate o  growth 
per period)]N

Where N =  number o  periods
 Solving here, we get:

 otal amount (accumulated) =  (200) [1 +  1.0]9

 otal amount (accumulated)  =  200 ×  5120  
=  102,400

Ref: Brooks GF, Carroll KC, Butel JS, Morse SA, Mietzner 
 A. Jawetz, Melnick, & Adelberg’s Medical Microbiology, 
26th ed. New York, NY: McGraw Hill; 2013.
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 3. T e  ollowing  gure (Figure 24-1) plots cumulative 
incidence o  recurrence versus time in groups that were 
at high or normal risk  or the recurrent event. Which 
o  the  ollowing can be correctly stated regarding this 
curve?
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FIG. 24-1. Kaplan–Meier survival curve for recurrence of stones 
in patients at high versus normal risk. (Drawn from data in Borghi 
L, Schianchi T, Meschi T, et al. Comparison of two diets for the 
prevention of recurrent stones in idiopathic hypercalciuria. N Engl 
J Med 2002;346:77–88.)

 (A) Signi icance between the two groups can be  
calculated using McNemar’s test.

 (B) The risk classification system is valid.
 (C)  he risk classi ication should have been initiated 

9 months earlier.
 (D) At 30 months the high-risk patients had 300% 

more recurrence than did low-risk patients.
 (E)  he high-risk curve is invalid because o  the 

multiple prolonged  lat segments.

Kaplan-Meier (KM) curves are a very use ul way o  
displaying dif ering survival or recurrence times in a 
study that change over time. T e stepwise decline or 
incline in value shows the change over time. One par-
ticular advantage is that KM curves can demonstrate 
subject loss or withdrawal  rom the study be ore the 
outcome o  interest is observed. T is is typically shown 
by small vertical tick marks.
 A time point can be chosen and the position o  the 
two curves compared. In our example, examination o  
the 30-month time point shows that recurrence  or the 
low-risk group was approximately 10%, whereas 
extending that vertical line up to meet the high-risk 

curve brings us to about 50%. In order to calculate 
signi cance between the two curves, the log rank test 
must be applied.
 T e  at segments in the high-risk group only indi-
cate that no recurrences were observed  or multiple 
data collection intervals, so that the slope was zero  or 
a period o  time.

Ref: Dawson B,  rapp RG. Basic & Clinical Biostatistics,  
4th ed. New York, NY: McGraw Hill; 2004.

 4. Which o  the  ollowing statements is  RUE regarding 
the Forest plot shown in Figure 24-2?

0.01

A

B

C

D

E

0.1  1  10  100
Favors  trea tment  Log odds  ra tio  Favors  control

FIG. 24-2. A Forest plot summarizing the odds ratio for five studies 
(labeled A–E).

 (A) Study B has the narrowest con idence interval.
 (B) Study C is statistically signi icant.
 (C) Study E is statistically signi icant.
 (D)  heir is a signi icant di  erence between the 

summed total o  the two groups.
 (E) Study D has the largest weight.

A Forest plot (so called because it looks like a tree with 
branches) is a use ul way to graphically represent the 
ef ect o  multiple studies on an overall outcome in a 
meta-analysis or systematic review. T e relative risk 
ratio, hazard ratio, or odds ratio  or each o  the con-
stituent studies are represented on the y-axis by a hori-
zontal line and a square. T e width o  the line relates to 
the size o  the 95% con dence interval  or that study. 
In our example, study D has a  airly narrow con dence 
interval, while study E has a wide con dence interval 
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(i.e., not as precise as study D). I  the line crosses the 
vertical line in the center (i.e., i  the con dence inter-
val o  the odds ratio), then the study is not statistically 
signi cant. T e 95% CI lines  or studies A and E both 
cross the line, and C touches it, indicating that those 
studies lack statistical signi cance, since their 95% CI 
contains the number 1.0. 
 T e size o  the square is related to the weight o  the 
study, which is based on the number o  participants 
and the spread o  results. Bigger sample sizes and nar-
rower 95% CIs lead to bigger weights and larger boxes. 
T e overall result is represented by the diamond. Like 
the individual studies, the width o  the diamond is pro-
portional to the overall 95% CI. Since the diamond 
crosses the vertical line, we can conclude that overall 
there is no signi cant dif erence between the two 
groups when these  ve studies are compared as a whole.

Ref: McKean SC, Ross JJ, Dressler DD, et al. Principles and 
Practice o  Hospital Medicine, 1st ed. New York, NY: 
McGraw Hill; 2012.

 5. You have plotted a set o  data regarding hospital length 
o  stay  or hip  racture patients. T e distribution curve 
looks like this:
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FIG. 24-3. A distribution curve for hospital length of stay.

Which o  the  ollowing calculated values would you 
expect to be LOWES ?

 (A) mean
 (B) median
 (C) mode
 (D) midpoint
 (E) range

Mean, median, and mode are all measures o  central 
tendency  or a data set. T e mean is a simple average, 
calculated by adding up the values and dividing by the 

number o  values in the set. T e median is the middle 
value. I  all the values are arranged  rom smallest to 
largest, the one in the center is the median. T e mode 
is the value that is most common (this is  rankly the 
least valuable o  the three measures; no one really uses 
mode in clinical research).
 I  all three values are equal, bingo! You’ve got a per-
 ectly normal distribution, with a beauti ul bell-shaped 
curve. However, things rarely work out like that in real 
li e, and it’s more likely that your curve will be “skewed.” 
T e curve in our example is positively skewed, meaning 
that there are values that stretch  urther away  rom the 
mean on the right side. A negatively skewed curve 
would be a horizontal mirror image o  that. 
 In our example, the mode is the most common value 
and is the highest point on the peak. Median is skewed 
to the right, since there are more overall values on the 
right side o  the mode than on the le t. T e mean is even 
more right-shi ted in a positively skewed curve because 
o  the small number o  outliers  ar to the right. You can 
see how this can be misleading. While mean hospital 
length o  stay is “x” number o  days, most patients actu-
ally have a lower length o  stay (Figure 24-4).
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FIG. 24-4. A distribution curve for hospital length of stay, 
labeled with mean, median, and mode.

Ref: Dawson B,  rapp RG. Basic & Clinical Biostatistics,  
4th ed. New York, NY: McGraw Hill; 2004.

 6. A set o  data is normally distributed. What proportion 
o  that data will be within 2 standard deviations o  the 
mean? 

 (A) 68.2%
 (B) 72.5%
 (C) 87.5%
 (D) 95.4%
 (E) 99.7%
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T e standard deviation (SD) is used  or normally dis-
tributed data to describe how much the data vary 
around the mean (i.e., the spread o  the curve). A range 
o  1 SD above and below the mean (± 1 SD) will 
include 68.2% o  values. Likewise, extending that out 
to ± 2 SD will include 95.4% o  the values, and ± 3 
SD will include 99.7%.
 T e reason that SD is so important is that simply 
stating the mean tells us very little about the shape o  
the bell curve. Looking at Figure 24-5, we see two 
curves that have the same mean. However, the tall, 
narrow curve has smaller standard deviations com-
pared to the broad, shallower curve. In general, the 
smaller the SD, the closer the values are to the mean, 
and the more use ul your mean value becomes.

X

Y

FIG. 24-5. Two normal distributions with identical means but 
different standard deviations. (From: LaDou J, Harrison RJ: 
CURRENT diagnosis & treatment: occupational & environmental 
medicine, 5th Ed. New York, NY: McGraw Hill; 2014.)

Ref: Dawson B,  rapp RG. Basic & Clinical Biostatistics,  
4th ed. New York, NY: McGraw Hill; 2004.

 7. Which o  the  ollowing statements regarding con -
dence intervals (CI) is NO   RUE?

 (A) CI are derived  rom the standard error o  the 
mean.

 (B) CI can be used to assess the precision o  popula-
tion parameter estimates.

 (C)  he width o  the CI depends on the degree o  
con idence required.

 (D)  he width o  the CI depends on the sample size.
 (E) The width of the CI depends on the mean 

value of the sample.

T e con dence interval (CI) is used to de ne a range 
around the mean that is likely to contain the true pop-
ulation value (i.e., the mean o  the entire population as 
a whole, not just the sample). For example, i  you 
studied the mean age o  patients presenting  or their 
 rst total knee arthroplasty, you might get a value o  
65 years. T is would only be  or the sample you stud-

ied, however. I  you studied a sample in the next state, 
it might be dif erent,  or a number o  reasons. T e CI 
gives the range in which the true value (the age i  we 
studied an in nite number o  patients) is likely to be.
 CI is usually set at a percent level o  95%. T is 
means that the process you used will capture the true 
parameter 95% o  the time in the long run. I  you 
wanted to capture 99%, your CI would be larger and 
less precise. T e size o  a CI is inversely related to sam-
ple size, which makes intuitive sense: the larger your 
sample, the more con dent you are that the true mean 
is close to your observed mean. A narrow CI implies 
high precision.
 T e CI is calculated using the standard error o  the 
mean (SEM):

95% CI =  mean ±  1.96 SEM

T e SEM is a marker o  the precision o  the mean, like 
the standard deviation, but also takes into account the 
sample size:

SEM =  SD/√
–n

T e CI does not depend on the value o  the mean 
itsel .

Ref: Dawson B,  rapp RG. Basic & Clinical Biostatistics,  
4th ed. New York, NY: McGraw Hill; 2004.

 8. An analysis o  variance (ANOVA) compares: 

 (A) standard deviations
 (B) means
 (C) standard errors o  the mean
 (D) proportions
 (E) variances

Analysis o  variance (ANOVA) is a group o  statistical 
techniques used to compare the means o  two or more 
samples. It is a way o  generalizing the t-test (used to 
compare two means) to three or more groups, since 
applying the t-test to more than two groups would 
increase the likelihood o  a type I error.
 ANOVA tests are categorized as to the number o  
independent variables they are comparing. A one-way 
ANOVA has one independent variable (also known as 
a “ actor”) with three or more conditions (e.g.,  or 
studying the Mallampati score  actor, possible condi-
tions are MPI, MPII, MPIII, and MPIV). A two-way 
ANOVA has two independent variables (two  actors), 
each with multiple conditions. T is is where ANOVA 
really gets cool (I know, something you never thought 
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you’d see written). An example here could be studying 
class o  obesity versus Mallampati scores:
• Factor A: Obesity (class I, class II, class III)
• Factor B: Mallampati score (I, II, III, IV)

Ref: Dawson B,  rapp RG. Basic & Clinical Biostatistics,  
4th ed. New York, NY: McGraw Hill; 2004.

 9. A resident is conducting a research project on the e -
cacy o  a new noninvasive cardiac output apparatus. I  
the resident rejects a true null hypothesis, this is known 
as which type o  error? 

 (A) Type I
 (B)  ype A
 (C)  ype II
 (D)  ype B
 (E) A waste o  his research elective

In statistics, a type I error is the erroneous rejection o  
a true null hypothesis. Let’s assume that the resident 
here has hypothesized that the cardiac output monitor 
will allow  or signi cantly less crystalloid to be admin-
istered during abdominal cases than without its use. 
T e null hypothesis is that it doesn’t result in a signi -
cant dif erence. At the conclusion o  the experiment, i  
the device did not in  act lead to a signi cant dif er-
ence (true null hypothesis), but the resident believed 
that there was a dif erence (rejection o  the null 
hypothesis), this would be a type I error. Bad science.
 A type II error is the  ailure to reject a  alse null 
hypothesis. So, in our example, i  the resident believed 
that there was no dif erence, when in  act there was 
(hooray!), that would be a type II error.
 A statistical test’s probability o  making a type I 
error is denoted as �; the probability o  making a type 
II error is denoted as β . T e error rates are typically 
reciprocal—an ef ort made to reduce the likelihood o  
a type I error will usually result in an increase in the 
likelihood o  a type II error. We usually set the con -
dence level, or 1-�, at 0.05 (95 times out o  100, when 
there is no ef ect, we’ll say there is none). Similarly, power 
(1-β ) is usually set at 0.8, but sometimes is set higher.
 T e only way the resident could say his research 
elective was a waste was i  he didn’t learn something. 
Most experiments have negative results. Don’t get 
discouraged.

Ref: Dawson B,  rapp RG. Basic & Clinical Biostatistics,  
4th ed. New York, NY: McGraw Hill; 2004.

 10. You present a meta-analysis at your department’s jour-
nal club. T e conclusions o  a meta-analysis can be 
rendered invalid by which o  the  ollowing?

 (A) clinical heterogeneity
 (B) statistical heterogeneity
 (C) database bias
 (D) symmetrical funnel plot
 (E) English-language bias

Meta-analyses combine results  rom a number o  inde-
pendent studies to give one overall estimate o  ef ect. 
T e main advantage to the meta-analysis is that by 
combining multiple studies, one is able to overcome 
small sample sizes o  individual studies and analyze 
end points that require larger sample sizes. T ey 
are also use ul in generating new hypotheses  or  uture 
studies. A meta-analysis can be a very power ul way to 
show an ef ect, i  conducted correctly.
 T ere are several pit alls that can plague a meta-
analysis. First and  oremost, the conclusions may be 
called into question i  the results in the primary trials 
are statistically incompatible with one another (statisti-
cal heterogeneity) or i  the research subjects dif er  
signi cantly  rom one another (clinical heterogeneity). 
I  either o  these conditions occurs, the results in the 
primary trials cannot be validly combined together 
mathematically.
 Bias may also occur in a number o  ways. Publica-
tion bias occurs because studies with positive results 
are more likely to get published than are studies with 
negative results. Meta-analyses can also suf er  rom 
search bias, i  studies were missed in the search phase. 
Most meta-analyses conducted these days must include 
a list o  search terms. Selection bias occurs when clear 
criteria are not used to  lter the initial set o  studies 
and good studies are excluded, and/or irrelevant or 
poor studies included. T e principal criteria are that 
studies be similar in terms o  design, patient popula-
tion, and outcomes. Occasionally, studies are excluded 
because they are not published in English (English-
language bias).
 T e  unnel plot is used to assess the presence o  
publication bias. T e sample size o  each primary  
study is plotted against its ef ect size. An asymmetrical 
 unnel plot suggests that publication bias is present 
(Figure 24-6).
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FIG. 24-6. A funnel plot; individual studies are represented by the 
small squares; if there is publication bias, the studies will not be 
equally distributed within the inverted V. The usual sign of publication 
bias is the absence of studies in the red box that represents where 
small negative studies lie. (Reproduced with permission from McKean 
SC, Ross JJ, Dressler DD, Brotman DJ, Ginsberg JS. Principles and 
practice of hospital medicine, 1st ed. New York, NY: McGraw Hill; 2012.)

Ref: Dawson B,  rapp RG. Basic & Clinical Biostatistics,  
4th ed. New York, NY: McGraw Hill; 2004.

 11. T e chi-square test  or independence assesses which o  
the  ollowing:

 (A) whether the minimum number o  cases exceed 
recommended boundaries

 (B) whether there is a relationship between the  
population and the sample

 (C) whether there is a relationship between two 
categorical variables

 (D) whether there is a signi icant di  erence between 
values taken at time 1 and values taken at time 2

 (E) none o  the above

First things  rst. T e “chi” is pronounced like “sky” 
without the s. Not like your spicy tea latte drink that 
gets you  eeling centered in the morning.
 T e chi-square (or chi-squared, or χ 2) test  or inde-
pendence is used to determine i  there is a relationship 
between two sets o  categorical (i.e., nominal or ordi-
nal) data  rom a single population. For example, you 
would use this test when studying the relationship 
between gender (variable 1) and adherence to preop-
erative instructions (variable 2). In contrast, the χ 2 test 
o  homogeneity is applied to a single categorical vari-
able  rom two dif erent populations (e.g., you could 
ask what residents versus attendings pre er as their 
 avorite laryngoscope blade). Note that the data must 
be able to be parceled into categories; the test cannot 
be used with continuous data such as height in inches 
or blood pressure in mm Hg.

 Let’s work through an example o  patients who took 
a new antihypertensive medication on the morning o  
their operation and the ef ect on signi cant hypoten-
sion. Data analyzed with the χ 2 test  or independence 
are commonly presented in a contingency table like 
this one:

TABLE 24-1. Contingency table.

Hypotension  No hypotension  Total

Took medication  25  6  31
Didn’t take medication  8  15  23
Total  33  21  54

 Our job is to disprove the null hypothesis (taking 
medication does NO  result in hypotension). Look-
ing at this table, we see that more patients who took 
the medication became hypotensive than those who 
didn’t, so it’s tempting to see an association. 
 We all know, however, that the bottom line to this 
whole shebang is the ol’ p-value. Nothing is anything 
without a p-value—and that is the whole point o  the 
χ 2 test. Getting a p-value. How does it do that? T ere’s 
no point in going into how the χ 2 value is calculated, 
as it’s  airly complicated. All you need to know is that 
a χ 2 value is derived  rom the contingency table, which 
can then be used to calculate the p-value.
 In our example, the value is 11.686. Not a terri -
cally meaning ul number to the average anesthesiolo-
gist. However, the p-value is 0.0006, which means that 
there is a very signi cant relationship between taking 
the medication and developing hypotension.

Ref: Dawson B,  rapp RG. Basic & Clinical Biostatistics,  
4th ed. New York, NY: McGraw Hill; 2004.

 12. One hundred patients with a headache receive a new 
non-steroidal anti-in ammatory drug (NSAID)  or 
treatment o  their pain. I  25 patients, who would still 
have had a headache had they received placebo, experi-
enced relie , then the number needed to treat (NN ) 
 or this NSAID to relieve headache pain is: 

 (A) 1.3
 (B) 4
 (C) 12.5
 (D) 25
 (E) 100

T e number needed to treat (NN ) is an epidemio-
logical concept used to assess an intervention’s utility. 
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T e NN  is the number o  patients that need to 
receive the intervention in order  or 1 patient to gain 
bene t  rom that intervention. Clearly, the lower the 
NN , the better the intervention. A similar concept is 
the number needed to harm (NNH). T e NN  should 
always be considered in the context o  the NNH. A 
per ect drug would have a NN  o  1 and a NNH o  
in nity. T e NN  is also use ul in pharmacoeconom-
ics, where the cost-ef ectiveness o  various treatments is 
being weighed.
 T e NN  is calculated  rst by determining the 
absolute risk reduction (ARR):

ARR =   event rate in control group – event 
rate in treatment group

ARR =  1 – 0.75
ARR =  0.25

T e NN  is the reciprocal o  the ARR:

NN  =  1/ARR
NN  =  1/0.25
NN  =  4

Ref: Dawson B,  rapp RG. Basic & Clinical Biostatistics,  
4th ed. New York, NY: McGraw Hill; 2004.

 13. Microso t Windows and Mac OS X are examples o : 

 (A) graphic programs
 (B) operating systems 
 (C)  ile management suites
 (D) database programs
 (E) email and communication so tware

All microcomputers require an operating system, 
which is a set o  preprogrammed so tware that man-
ages the multiple simultaneous behind-the-scenes 
tasks that make a computer  unction, as well as serve 
as the inter ace between the computer hardware and 
so tware applications. Operating systems manage 
memory access, organize data  or long-term storage, 
execute programs, provide user inter aces, and man-
age security, I/O, device driver, and networking  unc-
tions. Examples o  common operating systems 
include Microso t Windows, Mac OS X, and Linux. 
Mobile devices also use operating systems such as 
Android or iOS, the mobile equivalents to Windows 
and Mac OS X.
 Programs, or applications, are sets o  so tware instruc-
tions that tell a computer what to do. Examples o  
programs include word processing programs, database 
programs, video and image viewers, communication 

so tware (e.g., Skype, Facetime), etc. Computerized 
health record systems are also computer programs. 

Ref: https://en.wikipedia.org/wiki/Operating_system. Accessed 
July 10, 2016.

 14. T e de ning characteristic o  a computer virus is: 

 (A) it replicates itself when executed without the 
user’s consent

 (B) it damages the host computer/device in some 
manner

 (C) it renders the computer/device open to other viruses
 (D) it only attacks Windows-based computers
 (E) it only stops when it has succeeded in corrupting 

a certain number o   iles

A computer virus is a so tware program that is inadver-
tently executed by a host computer. When initiated, it 
begins to replicate itsel  in one or more areas, includ-
ing  les on the hard drive, the boot disk, or other 
applications. T is is its de ning characteristic. Viruses 
may wreak complete havoc on a computer, wiping out 
data and making the operating system unusable, or 
they may hide quietly in the background, collecting 
personal in ormation about the user or logging key-
strokes in order to send con dential in ormation to a 
third party. While the vast majority o  viruses are 
developed to in ect computers that run a Windows 
plat orm, there are some that attack other types o  
computers as well. Billions o  dollars are spent every 
year on antivirus so tware as well as in time/resources 
spent recovering and treating in ected computers.

Ref: https://en.wikipedia.org/wiki/Computer_virus. Accessed 
July 10, 2016.

 15. Which o  the  ollowing is LEAS  likely to cause hard 
disk drive  ailure? 

 (A) head crash
 (B) extreme heat
 (C) excessive magnetic  ields
 (D) normal wear and tear
 (E) a virus intended to divert fractions of a cent 

with every transaction

Hard disk drive (HDD)  ailure is potentially cata-
strophic since, that is the location  or all data  le stor-
age. When a hard disk  ails, occasionally some or all o  
the data can be recovered, but this depends on the 
cause o  the  ailure and the state o  the drive. It is 
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important to known that because they have moving 
parts, HDDs will eventually wear out on their own 
over time. Heat commonly causes HDD  ailure due to 
improper ventilation or a  aulty CPU  an. Storage o  a 
computer in a very hot location  or extended periods 
o  time can damage the HDD, but temperatures usu-
ally have to exceed 70°C. A severe jolt to the computer 
while the HDD is running may cause the read/write 
head to impact the platter where the electromagnetic 
in ormation is stored. T is is called a head crash and 
can cause physical and irreparable damage to the plat-
ter (indicated by the dreaded “click o  death”). Some-
times the HDD may simply  ail to spin due to  ailure 
o  the circuit or the motor that spins the platter.
 Since computer  les are written using electromagne-
tism, exposure to strong electromagnetic  elds may dam-
age  les and cause HDD  ailure. Viruses are an uncom-
mon means by which HDD  ailure occurs, although it 
has been reported. Many o  these reports are uncon-
 rmed, and users o ten assume that the  ailure was 
because o  an in ection, when it may just have been nor-
mal wear-and-tear or nonviral corruption o  a sector. 

Ref: https://en.wikipedia.org/wiki/Hard_disk_drive_ ailure. 
Accessed July 10, 2016.

 16. As it applies to anesthesiology, the term “Big Data” 
re ers to: 

 (A) data  rom studies recruiting > 500 subjects
 (B) large-scale, compiled patient data from  

electronic health records
 (C) data analyzed and presented by only large,  

reputable journals
 (D) data  rom only prospectively collected databases
 (E) data  rom one o  12 approved studies  rom the 

ASA

T e concept o  Big Data re ers to the ability to rapidly 
collect, manage, and analyze enormous amounts o  
data that are otherwise too large, complex, and dynamic 
 or conventional data tools to capture, store, and ana-
lyze properly. With the advent o  the electronic health 
record (EHR), Big Data has made headway in health 
care, since the amount o  in ormation about patients, 
health, interventions, and outcomes is increasing expo-
nentially as computerized record keeping becomes the 
standard. Ef ective use o  Big Data allows analysts to 
identi y trends and respond to them with measures and 
innovations much  aster than they can when using con-
ventional methods. With the use o  very large data-
bases, patterns emerge that are not obvious when look-
ing at several hundred or even several thousand patients. 
T is is particularly important in anesthesiology, since 
many o  our big-ticket adverse outcomes (mortality, 
brain death, MH, nerve injury, etc.) are very rare, 
requiring big numbers to study properly.
 Sources o  data in health care include the EHR as 
well as billing and closed-claims databases. Anesthesi-
ology has a unique opportunity in that Anesthesia 
In ormation Management Systems (intraoperative 
computerized record keeping) are collecting enormous 
amounts o  physiologic, demographic, pharmacologic, 
and other data every day; with about 50 million opera-
tive cases per year, a lot o  data is being collected going 
 orward. T ere are many unanswered questions about 
how this in ormation will best be collected and used, 
especially since there is very little in the way o  stan-
dardization o  so tware and applications, even within 
the specialty.

Ref: Simpao AF, Ahumada LM, Rehman MA. Big data and 
visual analytics in anaesthesia and health care. Br J Anaesth 
2015;115(3): 350–356.
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401

 CHAPTER 25

Evaluation of the Patient and 
Preoperative Preparation

 1. Airway evaluation is recommended in all patients to 
detect characteristics suggestive o  di cult intubation. 
For a male patient, which o  the  ollowing  ndings on 
airway evaluation may suggest di cult intubation?

 (A) presence o  a beard 
 (B) neck thickness o  16 inches
 (C) narrow palate
 (D) uvula visible when tongue protruded
 (E) thyromental distance greater than 3  inger 

breadths 

 2. According to the Mallampati classi cation o  the airway, 
direct visualization o  a Class III airway would reveal:

 (A) hard palate only
 (B) so t palate,  auces, uvula 
 (C) so t palate, tip o  epiglottis
 (D) so t palate,  auces, uvula, pillars
 (E) so t palate, base o  uvula 

 3. A 44-year-old ASA I patient scheduled  or a mandibu-
lar osteotomy requires which o  the  ollowing routine 
preoperative tests?

 (A) P  /P 
 (B) electrolytes 
 (C) ECG
 (D) CXR
 (E) no tests 

 4. In which o  the  ollowing scenarios is a preoperative 
resting 12-lead electrocardiogram (ECG) considered a 
reasonable test as part o  the preoperative evaluation?

 (A) cataract surgery; 85-year-old patient
 (B) open inguinal hernia repair; asymptomatic 

patient
 (C) robotic prostatectomy; patient with history o  

congestive heart  ailure
 (D)  emoral-popliteal bypass; patient with no risk 

 actors  or coronary heart disease
 (E) laparoscopic hemicolectomy; patient with  

history o  diet-controlled diabetes mellitus 

 5. A patient scheduled  or an elective inguinal hernia 
repair has a myocardial in arction (MI). Subsequent 
testing a ter the MI reveals no evidence o   urther myo-
cardium at risk. T e patient has no other cardiac risk 
 actors. According to ACC/ AHA recommendations, 
 or this elective procedure what is the best course o  
action?

 (A) proceed with surgery 
 (B) delay surgery  or 4 weeks
 (C) delay surgery  or 8 weeks
 (D) delay surgery  or 3 months
 (E) delay surgery  or 6 months 

 6. Which o  the  ollowing patient  actors increases the risk 
o  perioperative cardiac events?

 (A) smoking
 (B) hypertension 
 (C) hypercholesterolemia
 (D)  amily history o  coronary artery disease 
 (E) creatinine > 2 mg/dL 
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402  25: Evaluation of the Patient and Preoperative Preparation

 7. A patient is scheduled  or total knee arthroplasty. He 
has a history o  a past MI, but has had stable symptoms 
 or the past year. He is on insulin  or diabetes, and is 
unable to climb stairs (due to knee pain), but can push 
his power mower around his backyard without any di -
 culty. Which o  the  ollowing tests is indicated prior 
to his procedure?

 (A) treadmill EKG
 (B) dobutamine stress echocardiogram
 (C) radionuclide per usion imaging
 (D) cardiopulmonary exercise testing
 (E) nothing

 8. What is the ASA physical status (ASA-PS)  or a patient 
who is moribund and not expected to survive without 
the operation?

 (A) 2
 (B) 3 
 (C) 4
 (D) 5
 (E) 6 

 9. A patient’s ASA physical status (ASA-PS) classi cation 
correlates with: 

 (A) risk o  cancellation o  surgery
 (B) cost o  surgery
 (C) unplanned admission a ter surgery 
 (D) adverse cardiopulmonary complications
 (E) surgical procedure risk 

 10. A patient is given clonidine preoperatively in an e ort 
to improve postoperative pain management. What is a 
likely side e ect o  administering clonidine as a preop-
erative medication?

 (A) tachycardia 
 (B) amnesia
 (C) respiratory depression
 (D) increased gastric  luid volume
 (E) hypotension 

 11. A patient scheduled  or surgery is thought to be at risk 
 or aspiration pneumonitis. A premedication is given 
in an attempt to reduce this risk. A short time a ter 
administration the patient exhibits mani estations o  
acute dystonia including torticollis. Which premedica-
tion was most likely administered? 

 (A) metoclopramide
 (B) sodium citrate
 (C) ranitidine
 (D) glycopyrrolate
 (E) dimenhydrinate 

 12. A 78-year-old patient is administered an antisialagogue, 
atropine, be ore a planned awake  beroptic intubation. 
Aside  rom the intended xerostomia (dry mouth), what 
is a possible side e ect o  atropine administration?

 (A) con usion 
 (B) miosis
 (C) bronchoconstriction
 (D) hypothermia
 (E) bradycardia 

 13. S OP-BANG is a popular screening questionnaire  or 
obstructive sleep apnea (OSA). Which o  the  ollowing 
criteria is NOT part o  the S OP-BANG questionnaire?

 (A) Snoring
 (B) BMI > 30
 (C) Hypertension
 (D) Neck size > 16 inches
 (E) Age > 50 

 14. A patient with a past medical history signi cant  or 
Graves’ disease is evaluated in the preoperative clinic. 
Which o  the  ollowing clinical  eatures is suggestive o  
hyperthyroidism?

 (A) weight gain 
 (B) constipation
 (C) cold intolerance
 (D) bradycardia
 (E) warm skin 
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 15. A patient requires emergency surgery. Preoperative 
examination indicates the patient is clinically hyperthy-
roid. Management o  the patient with thyrotoxicosis 
may include all o  the  ollowing EXCEPT:

 (A) propranolol 
 (B) insulin
 (C) iodide solutions
 (D) propylthiouracil
 (E) hydrocortisone 

 16. General recommendations regarding severe hyperten-
sion and elective surgery suggest that procedures should 
be delayed until blood pressure is less than:

 (A) 180/110 mm Hg
 (B) 140/90 mm Hg 
 (C) 130/80 mm Hg
 (D) 160/100 mm Hg
 (E) 120/80 mm Hg 

 17. A patient with a cecal carcinoma is scheduled  or open 
hemicolectomy. Preoperative assessment identi es a 
past medical history o  COPD. Which o  the  ollowing 
is an additional risk  actor  or postoperative pulmonary 
complications?

 (A) age > 60 
 (B) asthma
 (C) exercise tolerance < 2 blocks
 (D) abnormal pulmonary  unctions tests (PF s)
 (E) abnormal arterial blood gas (ABG) 

 18. A morbidly obese patients presents  or preoperative 
evaluation. Which o  the  ollowing comorbid condi-
tions is NOT associated with increased body mass 
index (BMI)?

 (A) metabolic syndrome 
 (B) type 2 diabetes
 (C) mitral valve regurgitation
 (D) cancer
 (E) obstructive sleep apnea 

 19. A patient with chronic kidney disease (CKD) requiring 
hemodialysis is evaluated preoperatively. Which o  the 
 ollowing abnormalities is common  or a patient with 
CKD? 

 (A) hypercalcemia
 (B) polycythemia
 (C) secondary hypoparathyroidism
 (D) hypovolemia
 (E) hypertension 

 20. A patient with a history o  medically managed glau-
coma presents  or preoperative anesthetic assessment. 
Which glaucoma treatment may increase the duration 
o  action o  succinylcholine?

 (A) acetazolamide
 (B) brimonidine
 (C) cyclopentolate
 (D) echothiophate
 (E) bimatoprost 

 21. A patient with a history o  drug abuse presents  or pre-
operative assessment. History is notable  or previous 
seizures. Physical exam is notable  or cognitive dys unc-
tion, tremors, and hypertension. Laboratory results are 
signi cant  or macrocytic anemia. Which o  the  ollow-
ing is most likely the substance o  abuse? 

 (A) cocaine
 (B) ethanol
 (C) marijuana
 (D) 3, 4-methylenedioxy-methamphetamine 

(MDMA, “ecstasy”)
 (E) heroin 

 22. A patient with an intracranial mass is scheduled  or 
urgent craniotomy. Presenting symptoms included 
headache, nausea, and a seizure. Methods to reduce 
intracranial pressure (ICP) include all o  the  ollowing 
EXCEPT:

 (A) dexamethasone 
 (B)  osphenytoin
 (C) moderate hyperventilation (PaCO2  

30–33 mm Hg)
 (D) hypertonic saline
 (E) mannitol 
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 23. Preoperative assessment identi es a patient who chron-
ically takes prednisone 25 mg PO once a day  or 
asthma. T e patient is scheduled  or a major abdominal 
operation. What is a recommended course o  action  or 
perioperative corticosteroid management? 

 (A) usual morning steroid dose, no supplementation 
required

 (B) usual morning steroid dose, single dose o  
hydrocortisone 25 mg

 (C) usual morning steroid dose, single dose o  
hydrocortisone 50 mg

 (D) usual morning steroid dose, hydrocortisone 
50–100 mg q8h  or 24 hours

 (E) usual morning steroid dose, hydrocortisone  
200 mg/70 kg body weight q8h  or 24 hours

 24. A 4-year-old pediatric patient is assessed preoperatively 
be ore surgery. T e child is very anxious with signi -
cant separation anxiety and is noncooperative. In order 
to administer a sedative premedication  or this child, 
what is the most reliable route o  administration? 

 (A) rectal
 (B) intramuscular
 (C) sublingual
 (D) intranasal
 (E) oral 

 25. A geriatric patient is scheduled  or surgery. Which o  
the  ollowing intravenous premedications is least likely 
to require a dosage adjustment?

 (A) midazolam
 (B)  entanyl 
 (C) dexmedetomidine
 (D) ranitidine
 (E) metoclopramide 

 26. During preoperative evaluation, a patient states that 
they are allergic to local anesthetics. Further history 
elucidates that the patient developed a cardiac arrhyth-
mia a ter receiving an injection o  2% lidocaine with 
1:200,000 epinephrine at a dentist’s o ce. What is the 
most likely explanation  or this reaction?

 (A) anaphylactoid reaction to lidocaine
 (B) allergic reaction to lidocaine
 (C) allergy to para-aminobenzoic acid (PABA)  

preservative in local anesthetic solution
 (D) adverse side e  ect due to epinephrine
 (E) allergic reaction to epinephrine 

 27. An otherwise healthy 1-year-old in ant is scheduled  or 
elective surgery. For the child, whose diet is in ant  or-
mula, what is the recommended preoperative  asting 
(NPO) period?

 (A) 2 hours
 (B) 4 hours
 (C) 6 hours
 (D) 8 hours
 (E) 10 hours 

 28. Which o  the  ollowing  actors DOES NOT increase 
the risk o  pulmonary aspiration? 

 (A) pregnancy
 (B) hiatal hernia
 (C) obesity without comorbidity 
 (D) patients receiving acute opioid therapy
 (E) GERD 
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 29. A patient with normal airway anatomy is not NPO and 
is considered a “ ull stomach.” A rapid sequence induc-
tion (RSI) is indicated. What are the classic compo-
nents o  an RSI in the order they are per ormed?

 (A) preoxygenation; cricoid pressure; propo ol 
induction; rocuronium; endotracheal  
intubation 

 (B) preoxygenation; awake  iberoptic laryngoscopy; 
endotracheal intubation

 (C) preoxygenation; cricoid pressure; propo ol 
induction; mask ventilation; succinylcholine; 
endotracheal intubation

 (D) preoxygenation; propo ol induction; succinyl-
choline; endotracheal intubation

 (E) preoxygenation; inhalation induction with sevo-
 lurane; succinylcholine; endotracheal intubation 

 30. Preoperatively, a patient is evaluated and  elt to be at 
increased risk o  pulmonary aspiration. Best evidence 
suggests which o  the  ollowing preoperative pharmaco-
logic agents is most e ective at reducing gastric acidity?

 (A) metoclopramide 
 (B) ranitidine
 (C) lansoprazole
 (D) ondansetron
 (E) glycopyrrolate 

 31. Preoperatively, a patient is evaluated and  elt to be at 
increased risk o  pulmonary aspiration. Best evidence 
suggests which o  the  ollowing preoperative pharma-
cologic agents is most e ective at increasing lower 
esophageal sphincter (LES) tone?

 (A) metoclopramide 
 (B) ranitidine
 (C) lansoprazole
 (D) ondansetron
 (E) glycopyrrolate 

 32. A patient is scheduled  or elective knee arthroscopy. 
T ree months ago, the patient had a myocardial in arc-
tion. Management at that time included percutaneous 
transluminal coronary angioplasty (P CA) with place-
ment o  a single drug eluting stent (DES). T e patient 
is currently on clopidogrel (Plavix). According to the 
American College o  Cardiology and American Heart 
Association (ACC/AHA) guidelines, what is appropri-
ate management  or this elective surgery? 

 (A) proceed with surgery and hold clopidogrel  or  
7 days preoperatively

 (B) proceed with surgery and hold clopidogrel  or 
10 days preoperatively

 (C) proceed with surgery and continue clopidogrel 
perioperatively

 (D) cancel surgery until patient completes at least  
6 months o  clopidogrel therapy

 (E) cancel surgery until patient completes at least  
12 months o  clopidogrel therapy 

 33. A patient’s medical therapy  or type 2 diabetes mellitus 
includes oral hypoglycemic agents. Which o  the  ol-
lowing medications should be discontinued at least 
24 hours be ore surgery to reduce the risk o  drug-
induced lactic acidosis?

 (A) glyburide 
 (B) glipizide
 (C) gliclazide
 (D) met ormin
 (E) repaglinide 

 34. A patient with medically managed hypertension is 
scheduled  or ambulatory surgery. Antihypertensive 
medications, including an angiotensin II antagonist, 
are administered the morning o  surgery. A ter anes-
thetic induction, re ractory hypotension is noted. What 
is the best treatment? 

 (A) vasopressin
 (B) ephedrine
 (C) phenylephrine
 (D) epinephrine
 (E) norepinephrine 
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 35. A patient is chronically on medical therapy  or treat-
ment o  depression. T e patient is scheduled  or sur-
gery and a preoperative anesthetic consultation is per-
 ormed. Which antidepressant can cause rare, but 
serious, side e ects associated with the use o  opioids?

 (A) amitriptyline
 (B)  luoxetine
 (C) trazodone
 (D) bupropion
 (E) phenelzine 

 36. A  emale patient with a complex medical history is 
taking multiple medications. Preoperative assessment 
should include instructions to discontinue which o  the 
 ollowing medications be ore the day o  surgery?

 (A) oxycodone
 (B) conjugated estrogens
 (C) atorvastatin
 (D) isosorbide dinitrate 
 (E)  luoxetine 

 37. Perioperative beta-blocker therapy is recommended  or 
a number o  di erent clinical situations. According to 
the American College o  Cardiology and American 
Heart Association (ACC/AHA) guidelines on periop-
erative cardiovascular evaluation and care  or noncar-
diac surgery, the strongest recommendation  or periop-
erative beta-blockade is  or which o  the  ollowing 
scenarios?

 (A) vascular surgery; patient without evidence o  
myocardial ischemia

 (B) intermediate-risk surgery; patient with one or 
more clinical risk  actors  or coronary heart disease

 (C) vascular surgery; patient with one or more  
clinical risk  actors  or coronary heart disease

 (D) intermediate-risk surgery; patient with known 
coronary heart disease

 (E) low-risk surgery; patient currently taking a beta-
blocker 

 38. A patient with no known cardiac risk  actors is sched-
uled  or major vascular surgery. Which o  the  ollowing 
techniques or medications should be used in order to 
reduce cardiac risk?

 (A) induced hypothermia 
 (B) atorvastatin
 (C) clonidine
 (D) verapamil
 (E) dilutional anemia 

 39. An adult patient, with no known drug allergies, is 
scheduled  or a total knee arthroplasty. T e institu-
tional incidence o  surgical site in ections (SSIs) caused 
by MRSA is less than 5%. In order to reduce the risk 
o  SSI  or this clean surgery, which o  the  ollowing 
regimens  or antibiotic prophylaxis is indicated?

 (A) no antibiotics indicated
 (B) ce azolin 1 g IV q3–4h
 (C) ce azolin 2 g IV q3–4h
 (D) vancomycin 1 g IV
 (E) metronidazole 500 mg IV 

 40. In an e ort to reduce surgical site in ections (SSIs), 
antibiotic prophylaxis is o ten administered preopera-
tively. What is the optimal time  or administration o  
the preoperative dose?

 (A) within 30 minutes o  surgical incision  or  
ce azolin 

 (B) within 2 hours o  surgical incision  or ce azolin
 (C) within 4 hours o  surgical incision  or ce azolin
 (D) within 1 hour o  surgical incision  or vancomycin
 (E) within 2 hours o  surgical incision  or  

cipro loxacin 
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 41. Which patient requires antibiotic prophylaxis  or pre-
vention o  in ective endocarditis? 

 (A) patient with severe mitral valve prolapse (MVP) 
scheduled  or routine dental cleaning

 (B) patient with a previous history o  endocarditis 
scheduled  or routine transesophageal  
echocardiography

 (C) patient with a prosthetic aortic valve  
scheduled  or routine tonsillectomy

 (D) cardiac transplant recipient scheduled  or  
routine bronchoscopy

 (E) patient with completely repaired congenital 
heart de ect (15 years prior) scheduled  or  
routine vaginal delivery 
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Answers and Explanations: 
Evaluation of the Patient and  

Preoperative Preparation

 1. Airway evaluation is recommended in all patients to 
detect characteristics suggestive o  di cult intubation. 
For a male patient, which o  the  ollowing  ndings on 
airway evaluation may suggest di cult intubation?

 (A) presence o  a beard 
 (B) neck thickness o  16 inches
 (C) narrow palate
 (D) uvula visible when tongue protruded
 (E) thyromental distance greater than 3  inger 

breadths 

Narrow palate is considered a nonreassuring airway 
exam  nding suggestive o  di cult intubation. Other 
nonreassuring airway exam  ndings include:
• relatively long incisors
• prominent “overbite”
• inability to bring mandibular incisors in front of 

maxillary incisors
• interincisor distance < 3 cm
• Mallampati class > 2 (uvula not visible when tongue 

is protruded)
• highly arched palate
• thyromental distance < 3  inger breadths
• short, thick neck (> 17 inches in men, > 16 inches 

in women)
• inability to touch tip of chin to chest

Refs: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

American Society o  Anesthesiologists, Practice guidelines  or 
management o  the di cult airway: an updated report. 
Anesthesiology 2013;118:1269–1277. 

 2. According to the Mallampati classi cation o  the airway, 
direct visualization o  a Class III airway would reveal:

 (A) hard palate only
 (B) so t palate,  auces, uvula 
 (C) so t palate, tip o  epiglottis
 (D) so t palate,  auces, uvula, pillars
 (E) soft palate, base of uvula 

For the Mallampati classi cation o  the airway, the  ol-
lowing anatomic landmarks are visible during direct 
visualization with the patient seated:
• I—soft palate, fauces, uvula, pillars
• II—soft palate, fauces, uvula
• III—soft palate, base of uvula
• IV—hard palate only
T e epiglottis is typically viewed with direct laryngos-
copy. Cormack and Lehane’s classi cation is used to 
describe laryngoscopic views. 

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 3. A 44-year-old ASA I patient scheduled  or a mandibu-
lar osteotomy requires which o  the  ollowing routine 
preoperative tests?

 (A) P  /P 
 (B) electrolytes 
 (C) ECG
 (D) CXR
 (E) no tests 

Determining appropriate preoperative laboratory 
studies is a controversial topic.
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 Studies should only be ordered i  an abnormality is 
suspected and i  this result impacts perioperative man-
agement. Under these circumstances, a healthy 
44-year-old scheduled  or mandibular surgery does 
not require any routine preoperative tests. I  signi cant 
blood loss were anticipated, a CBC to establish base-
line hemoglobin would be reasonable to order.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 4. In which o  the  ollowing scenarios is a preoperative 
resting 12-lead electrocardiogram (ECG) considered a 
reasonable test as part o  the preoperative evaluation?

 (A) cataract surgery; 85-year-old patient
 (B) open inguinal hernia repair; asymptomatic 

patient
 (C) robotic prostatectomy; patient with history of 

congestive heart failure
 (D)  emoral-popliteal bypass; patient with no risk 

 actors  or coronary heart disease
 (E) laparoscopic hemicolectomy; patient with  

history o  diet-controlled diabetes mellitus 

According to the ACC/AHA 2014 guidelines on peri-
operative cardiovascular evaluation, a resting 12-lead 
ECG is reasonable (Class IIa recommendation)  or 
patients with known coronary heart disease, signi cant 
arrhythmia, peripheral arterial disease, cerebrovascular 
disease, or other signi cant structural heart disease, 
except  or those undergoing low-risk surgery. T e guide-
lines considers low-risk surgery to be that  or which the 
patient and surgical risk  actors con er a < 1% risk o  a 
major adverse cardiac event (MACE). T is calculation 
is usually per ormed using the Revised Cardiac Risk 
Index, whereby each one o  six  actors (history o  isch-
emic heart disease, history o  congestive heart  ailure, 
history o  cerebrovascular disease, diabetes mellitus 
requiring insulin, creatinine > 2 mg/dL, and intratho-
racic/intra-abdominal/suprainguinal vascular surgery) 
is given a 1-point value. T e risk o  a MACE is related 
to the number o  points: 0 =  0.4%, 1 =  0.9%, 2 =  
6.6%, and 3 or more =  11%. From this we can see that 
unless the patient has two or more risk  actors as 
described by this index, they are considered low risk.
 A resting EKG may be considered  or asymptom-
atic patients without known coronary heart disease 
except those undergoing low-risk surgery (Class IIb). In 
other words, there is some thought that a preoperative 
ECG may have bene t as a baseline standard against 

which to measure any postoperative change and pro-
vide some prognostic in ormation. In the case o  the 
asymptomatic patient undergoing a  emoral-popliteal 
bypass, an ECG may indeed be considered but the 
strength o  evidence is stronger to order an ECG  or 
the patient with CHF undergoing a robotic prostatec-
tomy. T ere is no bene t (Class III) in asymptomatic 
patients undergoing low-risk surgical procedures. 
 Note that there is no age cuto   or which an EKG 
becomes an indicated preoperative test, as there is an 
increased incidence o  abnormal  ndings o  unclear 
signi cance with increasing age. T e utility o  the 
EKG does increase with the risk o  the surgical 
procedure.

Ref: Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 
ACC/AHA guidelines on perioperative cardiovascular 
evaluation and management o  patients undergoing non-
cardiac surgery: a report o  the American College o  Car-
diology/American Heart Association  ask Force on prac-
tice guidelines. J Am Coll Cardiol 2014;64:e77–137. 

 5. A patient scheduled  or an elective inguinal hernia repair 
has a myocardial in arction (MI). Subsequent testing 
a ter the MI reveals no evidence o   urther myocardium 
at risk. T e patient has no other cardiac risk  actors. 
According to ACC/ AHA recommendations,  or this 
elective procedure what is the best course o  action?

 (A) proceed with surgery 
 (B) delay surgery  or 4 weeks
 (C) delay surgery  or 8 weeks
 (D) delay surgery  or 3 months
 (E) delay surgery for 6 months 

Previous iterations o  guidelines used myocardium at 
risk to delineate the likelihood o  an ischemic event 
during non-cardiac surgery. Recent data has shown that 
at least 60 days should elapse a ter a myocardial in arc-
tion be ore noncardiac surgery in the absence o  some 
type o  revascularization in order to achieve the greatest 
reduction in risk. Note, coronary artery bypass gra ting 
improves outcomes more than coronary stenting  or 
patients with a recent MI who require surgery within 
30 days. Current guidelines DO NO  recommend 
coronary revascularization be ore surgery solely to 
reduce perioperative cardiac events.
 However, an MI occurring within 6 months o  non-
cardiac surgery has been shown to be an independent 
risk  actor  or perioperative stroke, which itsel  is associ-
ated with an 8- old increase in the risk o  death. For 

MCGH380-CH25_399-420.indd   409  10/09/16   9:40 PM



410  25: Evaluation of the Patient and Preoperative Preparation

these reasons, truly elective surgery should be delayed 
 or at least 6 months a ter an MI.

Ref: Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 
ACC/AHA guidelines on perioperative cardiovascular 
evaluation and management o  patients undergoing non-
cardiac surgery: a report o  the American College o  Car-
diology/American Heart Association  ask Force on prac-
tice guidelines. J Am Coll Cardiol 2014;64:e77–137.

 6. Which o  the  ollowing patient  actors increases the risk 
o  perioperative cardiac events?

 (A) smoking
 (B) hypertension 
 (C) hypercholesterolemia
 (D)  amily history o  coronary artery disease 
 (E) creatinine > 2 mg/dL 

Lee’s revised cardiac risk index (RCRI) includes the 
 ollowing risk  actors:
• high-risk surgery (intraperitoneal, intrathoracic, 

suprainguinal vascular)
• ischemic heart disease
• congestive heart failure
• cerebrovascular disease
• diabetes mellitus
• creatinine > 2 mg/dL
T ese  actors identi y increased incidence o  periopera-
tive cardiac events.
 Other  actors such as smoking, hypertension, age, 
male gender, hypercholesterolemia, and  amily history 
are not part o  the RCRI.

Ref: Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 
ACC/AHA guidelines on perioperative cardiovascular 
evaluation and management o  patients undergoing non-
cardiac surgery: a report o  the American College o  Car-
diology/American Heart Association  ask Force on prac-
tice guidelines. J Am Coll Cardiol 2014;64:e77–137. 

 7. A patient is scheduled  or total knee arthroplasty. He 
has a history o  a past MI, but has had stable symptoms 
 or the past year. He is on insulin  or diabetes, and is 
unable to climb stairs (due to knee pain), but can push 
his power mower around his backyard without any di -
 culty. Which o  the  ollowing tests is indicated prior 
to his procedure?

 (A) treadmill EKG
 (B) dobutamine stress echocardiogram

 (C) radionuclide per usion imaging
 (D) cardiopulmonary exercise testing
 (E) nothing

One o  the biggest changes to the way that we approach 
patient evaluation in the last several years is the empha-
sis on  unctional capacity. Functional status can be 
measured in the lab with  ormal exercise testing, but is 
more commonly estimated by activities o  daily living, 
where it is expressed in terms o  metabolic equivalents 
(or ME S). One ME  is the resting basal oxygen con-
sumption  or an average 70-kg man. As oxygen 
demand goes up with activity, so do the ME S 
required. For example, according to the Duke Activity 
Status Index (Go Blue Devils!) while walking around 
the house burns only 1–2 ME S, climbing a f ight o  
stairs or walking up a hill requires approximately 5.5 
ME S. Doing heavy work around the house would be 
between 4 and 8 ME S. Strenuous sports like swim-
ming or singles tennis are approximately 7–10 ME S. 
Studies have shown that patients that are unable to 
complete 4 ME S are at elevated risk  or perioperative 
myocardial ischemia and cardiovascular events. 
 In the 2014 ACC/AHA guidelines  or evaluation o  
patients undergoing noncardiac surgery, the algorithm 
 or deciding who to test is presented as a series o  deci-
sion points. A ter eliminating those patients who need 
emergency surgery and who are having acute coronary 
syndromes, the clinician is asked to calculate risk o  a 
major adverse cardiac event (MACE) (see question 4). 
I  the risk is > 1%, as is the case with our example here, 
the patient gets 2 points (or risk o  MACE o  6.6%) 
for coronary disease and diabetes requiring insulin—
the  unctional capacity must be evaluated. I  the 
patient can exert his/hersel  at 4 ME S or more, there 
is no need  or preoperative myocardial testing. Only i  
the  unctional capacity is low, or i  it cannot be deter-
mined because o  limitations  rom arthritis, etc., 
should testing be considered. Pushing a power mower 
around the yard is moderately intense, and is associ-
ated with > 4 ME S, so our patient can avoid  urther 
testing.

Ref: Fleisher LA, Fleischmann KE, Auerbach AD, et al. 
2014 ACC/AHA guidelines on perioperative cardiovas-
cular evaluation and management o  patients undergo-
ing noncardiac surgery: a report o  the American Col-
lege o  Cardiology/American Heart Association  ask 
Force on practice guidelines. J Am Coll Cardiol 
2014;64:e77–137. 
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 8. What is the ASA physical status (ASA-PS)  or a patient 
who is moribund and not expected to survive without 
the operation?

 (A) 2
 (B) 3 
 (C) 4
 (D) 5
 (E) 6 

A moribund patient who is not expected to survive 
without the operation is ASA-PS 5. T e ASA-PS 
classi cation:
• 1—healthy without disease
• 2—mild systemic disease; no significant impact on 

daily activity
• 3—significant or severe disease that limits normal 

activity
• 4—severe disease that is a constant threat to life
• 5—moribund patient who is not expected to survive 

without the operation
• 6—brain-dead organ donor

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015; AS Awebsite: www.asahq.org. 

 9. A patient’s ASA physical status (ASA-PS) classi cation 
correlates with: 

 (A) risk o  cancellation o  surgery
 (B) cost o  surgery
 (C) unplanned admission a ter surgery 
 (D) adverse cardiopulmonary complications
 (E) surgical procedure risk 

ASA-PS is an attempt to classi y risk based on a 
patient’s preoperative medical history. It does not con-
sider the anesthetic technique, type o  surgery, or loca-
tion o  surgery. ASA-PS correlates with mortality and 
some measures o  morbidity such as:
• unanticipated ICU admission
• adverse cardiopulmonary complications
• length of hospital stay for some procedures

ASA-PS does not correlate with case cancellations, 
cost, or unplanned admission. 

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 10. A patient is given clonidine preoperatively in an e ort 
to improve postoperative pain management. What is a 
likely side e ect o  administering clonidine as a preop-
erative medication?

 (A) tachycardia 
 (B) amnesia
 (C) respiratory depression
 (D) increased gastric  luid volume
 (E) hypotension 

Alpha-2 agonists (clonidine, dexmedetomidine) can be 
administered as premedication to cause sedation, blunt 
the hemodynamic changes associated with laryngos-
copy or awake  beroptic intubation, and improve 
analgesia. Common side e ects o  alpha-2 agonists 
include hypotension and bradycardia. Clinically, 
alpha-2 agonists are not  elt to have signi cant e ect 
on memory, respiratory depression, or gastric f uid 
volume. 

Ref: Barash PG. Clinical Anesthesia, 7th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2013.

 11. A patient scheduled  or surgery is thought to be at risk 
 or aspiration pneumonitis. A premedication is given 
in an attempt to reduce this risk. A short time a ter 
administration the patient exhibits mani estations o  
acute dystonia including torticollis. Which premedica-
tion was most likely administered? 

 (A) metoclopramide
 (B) sodium citrate
 (C) ranitidine
 (D) glycopyrrolate
 (E) dimenhydrinate 

Metoclopramide can cause acute dystonic reactions 
including oculogyric crisis, torticollis (head turned to 
side), opisthotonus ( orce ul extension o  neck/back), 
spasticity, and laryngospasm.  reatment includes diphen-
hydramine or benztropine (anticholinergic e ects). 
Sodium citrate, ranitidine, glycopyrrolate, and dimenhy-
drinate do not cause dystonic reactions.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics, 12th ed. 
New York, NY: McGraw Hill; 2011.
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 12. A 78-year-old patient is administered an antisialagogue, 
atropine, be ore a planned awake  beroptic intubation. 
Aside  rom the intended xerostomia (dry mouth), what 
is a possible side e ect o  atropine administration?

 (A) confusion 
 (B) miosis
 (C) bronchoconstriction
 (D) hypothermia
 (E) bradycardia 

Anticholinergic drugs may cause con usion or delir-
ium. Other anticholinergic side e ects include: mydri-
asis, cycloplegia, bronchodilation, hyperthermia, and 
tachycardia. 

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics, 12th ed. 
New York, NY: McGraw Hill; 2011.

 13. S OP-BANG is a popular screening questionnaire 
 or obstructive sleep apnea (OSA). Which o  the  ol-
lowing criteria is NOT part o  the S OP-BANG 
questionnaire?

 (A) Snoring
 (B) BMI > 30
 (C) Hypertension
 (D) Neck size > 16 inches
 (E) Age > 50 

T e S OP-BANG screening questionnaire  or OSA 
records “yes/no” responses  or the  ollowing 
criteria:
• Snoring
• Tired (fatigue)
• Observed (observed apnea)
• Pressure (hypertension)
• BMI > 35
• Age > 50
• Neck size > 16 inches
• Gender (male)
Answering “yes” to > 5 questions equals a “high risk” 
o  OSA.

Ref: Chung F, Yegneswaran B, Liao P, et al. S OP question-
naire: a tool to screen patients  or obstructive sleep apnea. 
Anesthesiology 2008;108:812–821. 

 14. A patient with a past medical history signi cant  or 
Graves’ disease is evaluated in the preoperative clinic. 

Which o  the  ollowing clinical  eatures is suggestive o  
hyperthyroidism?

 (A) weight gain 
 (B) constipation
 (C) cold intolerance
 (D) bradycardia
 (E) warm skin 

Hyperthyroidism is characterized by: warm moist skin, 
weight loss, diarrhea, heat intolerance, tachycardia, 
cardiac arrhythmias, and heart  ailure.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 15. A patient requires emergency surgery. Preoperative 
examination indicates the patient is clinically hyperthy-
roid. Management o  the patient with thyrotoxicosis 
may include all o  the  ollowing EXCEPT:

 (A) propranolol 
 (B) insulin
 (C) iodide solutions
 (D) propylthiouracil
 (E) hydrocortisone 

Hyperthyroid patients requiring emergency surgery 
are managed with beta blockade  or rate control, anti-
thyroid medications (propylthiouracil and methima-
zole), iodide solutions to reduce hormone secretion, 
and hydrocortisone to prevent complications due to 
co-existing adrenal suppression. Insulin is not typically 
part o  the management o  hyperthyroidism.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 16. General recommendations regarding severe hyperten-
sion and elective surgery suggest that procedures should 
be delayed until blood pressure is less than:

 (A) 180/110 mm Hg
 (B) 140/90 mm Hg 
 (C) 130/80 mm Hg
 (D) 160/100 mm Hg
 (E) 120/80 mm Hg 

Elective surgery should be delayed until severe hyper-
tension is treated and blood pressure is less than 
180/110 mm Hg. Overall, end organ damage (isch-
emic heart disease, heart  ailure, renal  ailure, stroke) 
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correlate with severity and duration o  hypertension. 
However, perioperative risk does not seem to be signi -
cantly associated with BP less than 180/110 mm Hg.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 17. A patient with a cecal carcinoma is scheduled  or open hemi-
colectomy. Preoperative assessment identi es a past medical 
history o  COPD. Which o  the  ollowing is an additional 
risk  actor  or postoperative pulmonary complications?

 (A) age > 60 
 (B) asthma
 (C) exercise tolerance < 2 blocks
 (D) abnormal pulmonary  unctions tests (PF s)
 (E) abnormal arterial blood gas (ABG) 

Exercise tolerance o  less than 2 blocks (or one f ight o  
stairs) is a risk  actor  or postoperative pulmonary 
complications. Other risk  actors  or postoperative 
pulmonary complications include:

• COPD
• age > 70 years
• cigarette use (current or > 40 pack-years)
• ASA-PS > 2
• surgery > 2 hours
• general anesthesia with endotracheal tube
• BMI > 30
• albumin < 3 g/dL 

Asthma is not a risk  actor  or postoperative pulmo-
nary complications unless there is a history o  recent 
exacerbation. Pulmonary  unction tests and arterial 
blood analysis are not predictive o  postoperative pul-
monary complications  or nonthoracic surgery.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 18. A morbidly obese patients presents  or preoperative eval-
uation. Which o  the  ollowing comorbid conditions is 
NOT associated with increased body mass index (BMI)?

 (A) metabolic syndrome 
 (B) type 2 diabetes
 (C) mitral valve regurgitation
 (D) cancer
 (E) obstructive sleep apnea 

Obesity is associated with metabolic syndrome (abdom-
inal obesity, reduced high- density lipoprotein, hyper-

triglyceridemia, hypertension, and elevated  asting glu-
cose), type 2 diabetes, cancer, and obstructive sleep 
apnea. Valvular heart disease is not typically considered 
a comorbid condition associated with increased BMI. 
Mitral valve regurgitation (and pulmonary hyperten-
sion) is associated with the now withdrawn weight loss 
regimen o   enf uramine and phentermine ( en-phen).

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 19. A patient with chronic kidney disease (CKD) requiring 
hemodialysis is evaluated preoperatively. Which o  the  ol-
lowing abnormalities is common  or a patient with CKD? 

 (A) hypercalcemia
 (B) polycythemia
 (C) secondary hypoparathyroidism
 (D) hypovolemia
 (E) hypertension 

Hypertension is a common abnormality associated 
with CKD. Other abnormalities include:
• hypocalcemia
• hyperphosphatemia
• Vit D deficient osteomalacia
• anemia
• secondary hyperparathyroidism
• hypervolemia
• hyperkalemia
• abnormal bleeding time, coagulopathy
• metabolic acidosis
• congestive heart failure
• pericarditis 
• fatigue, lethargy, seizures

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 20. A patient with a history o  medically managed glau-
coma presents  or preoperative anesthetic assessment. 
Which glaucoma treatment may increase the duration 
o  action o  succinylcholine?

 (A) acetazolamide
 (B) brimonidine
 (C) cyclopentolate
 (D) echothiophate
 (E) bimatoprost 
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Echothiophate is a cholinesterase inhibitor. It will prolong 
the duration o  action o  succinylcholine ( or an additional 
2 to 14 minutes). Acetazolamide inhibits carbonic anhy-
drase and reduces aqueous humor production. Brimoni-
dine (Alphagan) is an alpha-2 receptor agonist. Cyclopen-
tolate is a muscarinic antagonist. Bimatoprost (Lumigan) is 
a prostaglandin analog that increases uveoscleral outf ow.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics, 12th ed. 
New York, NY: McGraw Hill; 2011.

 21. A patient with a history o  drug abuse presents  or pre-
operative assessment. History is notable  or previous 
seizures. Physical exam is notable  or cognitive dys unc-
tion, tremors, and hypertension. Laboratory results are 
signi cant  or macrocytic anemia. Which o  the  ollow-
ing is most likely the substance o  abuse? 

 (A) cocaine
 (B) ethanol
 (C) marijuana
 (D) 3,4-methylenedioxy-methamphetamine 

(MDMA, “ecstasy”)
 (E) heroin 

Ethanol abuse has multi-system e ects including: with-
drawal seizures, cognitive dys unction, tremors, hyperten-
sion, and macrocytic anemia. Other e ects o  ethanol 
abuse include: cardiac arrhythmias, coronary artery dis-
ease, cardiomyopathy, stroke, skeletal muscle myopathy, 
esophageal ref ux, chronic gastritis, acute and chronic pan-
creatitis, alcoholic cirrhosis, and nutritional de ciencies.
 Cocaine abuse is notable  or toxicity including: car-
diac arrhythmias, myocardial ischemia, seizures, and 
stroke. Macrocytic anemia is not typically a  nding o  
cocaine abuse.
 Marijuana is notable  or withdrawal symptoms includ-
ing: restlessness, irritability, insomnia, and nausea.
 3,4-methylenedioxy-methamphetamine (MDMA, 
“ecstasy”) is notable  or acute e ects o : altered senso-
rium, hallucinations, tachycardia, dry mouth, and 
hyperthermia.
 Heroin abuse is notable  or withdrawal symptoms 
including: irritability, nausea, cramps, insomnia, 
pupillary dilation, sweating, hypertension, yawning, 
and piloerection (“goosef esh”). 

Refs: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics, 12th ed. 
New York, NY: McGraw Hill; 2011.

Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: Else-
vier; 2015.

 22. A patient with an intracranial mass is scheduled  or 
urgent craniotomy. Presenting symptoms included 
headache, nausea, and a seizure. Methods to reduce 
intracranial pressure (ICP) include all o  the  ollowing 
EXCEPT:

 (A) dexamethasone 
 (B) fosphenytoin
 (C) moderate hyperventilation (PaCO2  

30–33 mm Hg)
 (D) hypertonic saline
 (E) mannitol 

Fosphenytoin is indicated  or the treatment and preven-
tion o  seizures. It does not a ect intracranial pressure 
(ICP). For increased ICP, treatment measures include:
• Dexamethasone to reduce vasogenic edema associ-

ated with tumors
• Hypertonic saline and mannitol to reduce brain 

water content
• Moderated hyperventilation (PaCO2 30–33 mm Hg) 

to acutely reduce ICP. Note that more aggressive 
hyperventilation can decrease cerebral blood  low and 
potentially worsen ischemic injury.

Refs: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

Mortazavi MM, Romeo AK, Deep A, et al. Hypertonic saline 
 or treating raised intracranial pressure: literature review 
with meta-analysis. J Neurosurg 2012;116:210–221. 

 23. Preoperative assessment identi es a patient who chron-
ically takes prednisone 25 mg PO once a day  or 
asthma. T e patient is scheduled  or a major abdominal 
operation. What is a recommended course o  action  or 
perioperative corticosteroid management? 

 (A) usual morning steroid dose, no supplementation 
required

 (B) usual morning steroid dose, single dose o  
hydrocortisone 25 mg

 (C) usual morning steroid dose, single dose o  
hydrocortisone 50 mg

 (D) usual morning steroid dose, hydrocortisone 
50–100 mg q8h for 24 hours

 (E) usual morning steroid dose, hydrocortisone  
200 mg/70 kg body weight q8h  or 24 hours
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A patient chronically taking corticosteroids undergo-
ing a major “stress” operation should take their usual 
morning steroid dose and hydrocortisone 50–100 mg 
q8h  or 24 hours.
 Patients who chronically take steroids may be at risk 
o  inadequate “stress response” perioperatively and 
potentially su er signi cant hypotension or shock. 
Stress dose steroid coverage is a controversial topic and 
recommendations vary greatly as there is limited 
research evidence available. Most anesthesiology text-
books agree that hydrocortisone supplementation 
perioperatively should vary according to the invasive-
ness o  the proposed surgical procedure: 
• Minimal “stress” surgery =  usual maintenance ste-

roid dose +  low dose hydrocortisone supplementa-
tion or no supplementation necessary.

• Intermediate “stress” surgery =  usual maintenance 
steroid dose +  hydrocortisone 25–50 mg q8h  or 
24 hours with either a short taper or resumption o  
usual dose. 

• Major “stress” surgery =  usual maintenance steroid 
dose +  hydrocortisone 50–100 mg q8h  or 24 
hours with either a short taper or resumption o  
usual dose.

Refs: Garcia JE, Hill GE, Joshi GP. Perioperative stress dose 
steroids: is it really necessary? ASA Newsletter 2013;77(11): 
32–35.

Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 24. A 4-year-old pediatric patient is assessed preoperatively 
be ore surgery. T e child is very anxious with signi -
cant separation anxiety and is noncooperative. In order 
to administer a sedative premedication  or this child, 
what is the most reliable route o  administration? 

 (A) rectal
 (B) intramuscular
 (C) sublingual
 (D) intranasal
 (E) oral 

Intramuscular premedication is reliable and does not 
require cooperation; it is pain ul. Oral, sublingual, and 
intranasal routes o  drug administration require a 
degree o  cooperation and can be challenging i  a child 
re uses or spits out the medication. Rectal medications 
are typically reserved  or children still in diapers.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 25. A geriatric patient is scheduled  or surgery. Which o  
the  ollowing intravenous premedications is least likely 
to require a dosage adjustment?

 (A) midazolam
 (B)  entanyl 
 (C) dexmedetomidine
 (D) ranitidine
 (E) metoclopramide 

For a geriatric patient, ranitidine is least likely to require 
dosage adjustment. In general, due to pharmacokinetic or 
pharmacodynamic changes, elderly patients o ten require 
a decreased dose o  medication compared to younger 
adults. Ranitidine, due to age related decreases in renal 
 unction, may require a longer interval (q12–24h)  or 
repeated dosing but the initial dose (50 mg IV) remains 
the same. Mainly due to changes in brain sensitivity, both 
midazolam and  entanyl require signi cant dosage reduc-
tion  or geriatric patients. Dexmedetomidine may have a 
higher incidence o  bradycardia and hypotension in 
patients younger than 65 years, and a dose reduction may 
be required. Geriatric patients may be at increased risk o  
side e ects o  metoclopramide (sedation, con usion, par-
kinsonian-like symptoms, and tardive dyskinesia) and a 
dosage reduction may be required.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 26. During preoperative evaluation, a patient states that 
they are allergic to local anesthetics. Further history 
elucidates that the patient developed a cardiac arrhyth-
mia a ter receiving an injection o  2% lidocaine with 
1:200,000 epinephrine at a dentist’s o ce. What is the 
most likely explanation  or this reaction?

 (A) anaphylactoid reaction to lidocaine
 (B) allergic reaction to lidocaine
 (C) allergy to para-aminobenzoic acid (PABA)  

preservative in local anesthetic solution
 (D) adverse side effect due to epinephrine
 (E) allergic reaction to epinephrine 

Epinephrine in the local anesthetic solution can cause 
adverse side e ects including palpitations. Patients may 
erroneously associate this with an “allergic” reaction.
 PABA can be associated with allergies, but it is used 
with ester local anesthetics.  rue allergic or anaphylactoid 
reactions during anesthesia are relatively rare (1:6000). 

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 27. An otherwise healthy 1-year-old in ant is scheduled  or 
elective surgery. For the child, whose diet is in ant  or-
mula, what is the recommended preoperative  asting 
(NPO) period?

 (A) 2 hours
 (B) 4 hours
 (C) 6 hours
 (D) 8 hours
 (E) 10 hours 

T e ASA practice guidelines suggest a  asting period 
o  6 hours  or in ants receiving  ormula and solids. 
For all age groups, a  asting period o  2 hours is rec-
ommended  or clear f uids. For in ants, a  asting 
period o  4 hours is recommended  or breast milk. For 
nonin ants, a  asting period o  6 hours is recom-
mended a ter a light meal, and 8 hours a ter a meal o  
 atty or  ried  ood.

Ref: American Society o  Anesthesiologists. Practice guide-
lines  or preoperative  asting and the use o  pharmacologic 
agents to reduce the risk o  pulmonary aspiration: Appli-
cation to healthy patients undergoing elective procedures. 
An updated report by the American Society o  Anesthesi-
ologists  ask Force on Preoperative Fasting. Anesthesiology 
2011;114:495–511. 

 28. Which o  the  ollowing  actors DOES NOT increase 
the risk o  pulmonary aspiration? 

 (A) pregnancy
 (B) hiatal hernia
 (C) obesity without comorbidity 
 (D) patients receiving acute opioid therapy
 (E) GERD 

Obesity and the risk o  pulmonary aspiration is a con-
troversial subject. Un ortunately major anesthesiology 
textbooks o ten disagree. Obese patients are at higher 
risk o  hiatal hernia, GERD, and comorbidities 
including DM2. Research on obese patients and gas-
tric emptying is not straight orward. Both delayed gas-
tric emptying and  aster gastric emptying have both 
been reported in obese patients. Most texts agree that 
obese patients without comorbidity associated with 
delayed emptying or esophageal sphincter incompe-
tence are not at increased risk o  pulmonary 
aspiration.

 T e patient with a “ ull stomach” or esophageal 
sphincter incompetence is considered at risk o  pulmo-
nary aspiration. T is includes:
• pregnancy
• diabetes
• acute opioid therapy
• GERD
• hiatal hernia
• not NPO as per guidelines
• currently nauseous/vomiting

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 29. A patient with normal airway anatomy is not NPO 
and is considered a “ ull stomach.” A rapid sequence 
induction (RSI) is indicated. What are the classic 
components o  an RSI in the order they are per-
 ormed?

 (A) preoxygenation; cricoid pressure; propofol 
induction; rocuronium; endotracheal  
intubation 

 (B) preoxygenation; awake  iberoptic laryngoscopy; 
endotracheal intubation

 (C) preoxygenation; cricoid pressure; propo ol 
induction; mask ventilation; succinylcholine; 
endotracheal intubation

 (D) preoxygenation; propo ol induction; succinyl-
choline; endotracheal intubation

 (E) preoxygenation; inhalation induction with sevo-
 lurane; succinylcholine; endotracheal intubation 

T e classic components o  a rapid sequence induction 
(RSI) are: preoxygenation, intravenous anesthesia, 
rapid-onset neuromuscular blockade, cricoid pressure, 
and endotracheal intubation. Both succinylcholine 
and rocuronium are considered rapid-onset neuromus-
cular blockers. Cricoid pressure, although controver-
sial in its e cacy, is considered a classic component o  
an RSI.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 30. Preoperatively, a patient is evaluated and  elt to be at 
increased risk o  pulmonary aspiration. Best evidence 
suggests which o  the  ollowing preoperative pharmaco-
logic agents is most e ective at reducing gastric acidity?

 (A) metoclopramide 
 (B) ranitidine
 (C) lansoprazole
 (D) ondansetron
 (E) glycopyrrolate 

H2 receptor antagonists (ranitidine, cimetidine) reduce 
gastric acidity and volume (Category A1 evidence). 
Proton pump inhibitors (lansoprazole, omeprazole) 
also reduce gastric acidity and volume (Category A2 
evidence). T ere is equivocal evidence that anticholin-
ergics (glycopyrrolate, atropine) reduce gastric acidity 
and volume (Category C2 evidence). Metoclopramide 
reduces gastric volume but there is equivocal evidence 
that is reduces gastric acidity (Category C1 evidence). 
Ondansetron reduces nausea and vomiting but does 
not alter gastric pH or motility.
 Evidence:
• Category A1—multiple randomized controlled trials 

(RC s), supported by meta-analysis.
• Category A2—multiple RCTs, no meta-analysis.
• Category B—suggestive literature
• Category C1—meta-analysis did not find significant 

di  erences
• Category C2—RCTs report inconsistent results or 

no di  erences, no meta-analysis. 

Ref: American Society o  Anesthesiologists. Practice guide-
lines  or preoperative  asting and the use o  pharmacologic 
agents to reduce the risk o  pulmonary aspiration: Appli-
cation to healthy patients undergoing elective procedures. 
An updated report by the American Society o  Anesthesi-
ologists  ask Force on Preoperative Fasting. Anesthesiology 
2011;114:495–511.

 31. Preoperatively, a patient is evaluated and  elt to be at 
increased risk o  pulmonary aspiration. Best evidence 
suggests which o  the  ollowing preoperative pharma-
cologic agents is most e ective at increasing lower 
esophageal sphincter (LES) tone?

 (A) metoclopramide 
 (B) ranitidine
 (C) lansoprazole
 (D) ondansetron
 (E) glycopyrrolate 

Metoclopramide increases LES tone and stimulates 
stomach and small intestine contractions. Ranitidine, 
lansoprazole, ondansetron, and sodium citrate have no 
e ect on LES tone. A variety o   actors will decrease 
LES tone including: cricoid pressure, hiatal hernia, 
and medications such as anticholinergics (atropine or 
glycopyrrolate), opioids, propo ol, and inhaled 
anesthetics.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, 
NY: McGraw Hill; 2013.

 32. A patient is scheduled  or elective knee arthroscopy. 
T ree months ago, the patient had a myocardial in arc-
tion. Management at that time included percutaneous 
transluminal coronary angioplasty (P CA) with place-
ment o  a single drug eluting stent (DES). T e patient 
is currently on clopidogrel (Plavix). According to the 
American College o  Cardiology and American Heart 
Association (ACC/AHA) guidelines, what is appropri-
ate management  or this elective surgery? 

 (A) proceed with surgery and hold clopidogrel  or  
7 days preoperatively

 (B) proceed with surgery and hold clopidogrel  or 
10 days preoperatively

 (C) proceed with surgery and continue clopidogrel 
perioperatively

 (D) cancel surgery until patient completes at least  
6 months o  clopidogrel therapy

 (E) cancel surgery until patient completes at least 
12 months of clopidogrel therapy 

According to the 2014 ACC/AHA guidelines, elective 
noncardiac surgery is not recommended when clopi-
dogrel therapy needs to be continued. T e minimum 
prescribed time  or clopidogrel therapy is 12 months 
 or DES, and elective noncardiac surgery should opti-
mally be delayed until a ter this time. For bare metal 
stents, the minimum prescribed time  or clopidogrel 
therapy is 1 month. Elective noncardiac surgery 
should be delayed  or 14 days  ollowing balloon 
angioplasty.

Ref: Fleisher LA, Fleischmann KE, Auerbach AD, et al. 
2014 ACC/AHA guidelines on perioperative cardiovas-
cular evaluation and management o  patients undergo-
ing noncardiac surgery: a report o  the American Col-
lege o  Cardiology/American Heart Association  ask 
Force on practice guidelines. J Am Coll Cardiol 2014; 
64:e77–137. 
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 33. A patient’s medical therapy  or type 2 diabetes mellitus 
includes oral hypoglycemic agents. Which o  the  ollowing 
medications should be discontinued at least 24 hours be ore 
surgery to reduce the risk o  drug-induced lactic acidosis?

 (A) glyburide 
 (B) glipizide
 (C) gliclazide
 (D) metformin
 (E) repaglinide 

Met ormin (a biguanide) should be held  or at least  
24 hours preoperatively to reduce the risk o  drug-
induced lactic acidosis. T e sul onylurea class o  medi-
cations includes glyburide, glipizide, and gliclazide; 
while repaglinide is a noninsulin secretagogue—none 
o  which are associated with lactic acidosis.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 34. A patient with medically managed hypertension is 
scheduled  or ambulatory surgery. Antihypertensive 
medications, including an angiotensin II antagonist, 
are administered the morning o  surgery. A ter anes-
thetic induction, re ractory hypotension is noted. What 
is the best treatment? 

 (A) vasopressin
 (B) ephedrine
 (C) phenylephrine
 (D) epinephrine
 (E) norepinephrine 

Vasopressin is the treatment o  choice  or re ractory 
hypotension associated with the use o  ACE inhibitors 
or angiotensin II antagonists. Antihypertensive medi-
cations are generally continued throughout the periop-
erative period, but conf icting opinion exists regarding 
the continuation or discontinuation o  ACE inhibitors 
and angiotensin II antagonists because o  increased 
risk o  signi cant hypotension.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 35. A patient is chronically on medical therapy  or treat-
ment o  depression. T e patient is scheduled  or sur-
gery and a preoperative anesthetic consultation is per-
 ormed. Which antidepressant can cause rare, but 
serious, side e ects associated with the use o  opioids?

 (A) amitriptyline
 (B)  luoxetine

 (C) trazodone
 (D) bupropion
 (E) phenelzine 

Phenelzine is an irreversible inhibitor o  the enzyme 
monoamine oxidase (MAO). Perioperatively, MAOIs 
can have serious interactions with indirect acting sym-
pathomimetics (ephedrine, tyramine) and opioids. T e 
reaction with opioids can present with hyperthermia, 
seizures, and coma.  ypical recommendations are to 
discontinue irreversible MAOIs such as phenelzine  or 
2 to 3 weeks be ore surgery. Although other classes o  
antidepressants can have side e ects related to their 
blockade o  neurotransmitter reuptake, they should be 
continued throughout the perioperative period to avoid 
withdrawal symptoms or recurrence o  psychiatric 
illness. 

Refs: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Butterworth JF IV, Mackey DC, Wasnick JD. Morgan & 
Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013.

 36. A  emale patient with a complex medical history is 
taking multiple medications. Preoperative assessment 
should include instructions to discontinue which o  the 
 ollowing medications be ore the day o  surgery?

 (A) oxycodone
 (B) conjugated estrogens
 (C) atorvastatin
 (D) isosorbide dinitrate 
 (E)  luoxetine 

Conjugated estrogens (Premarin) should be discontin-
ued prior to surgery to reduce the potential risk related 
to development o  perioperative DV /PE. Most medi-
cations should be continued throughout the periopera-
tive period. Exceptions are  or: anticoagulants (war arin, 
clopidogrel ±  aspirin, NSAIDs, or COX-2 inhibitors 
depending on the type o  surgery), oral hypoglycemics, 
insulin preparations, supplements (vitamins, herbals), 
phosphodiesterase 5 inhibitors (Viagra), topical medica-
tions (as absorption can vary during surgery and anes-
thesia), and MAOIs.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 37. Perioperative beta-blocker therapy is recommended  or 
a number o  di erent clinical situations. According to 
the American College o  Cardiology and American 
Heart Association (ACC/AHA) guidelines on periop-
erative cardiovascular evaluation and care  or noncardiac 
surgery, the strongest recommendation  or perioperative 
beta-blockade is  or which o  the  ollowing scenarios?

 (A) vascular surgery; patient without evidence o  
myocardial ischemia

 (B) intermediate-risk surgery; patient with one or 
more clinical risk  actors  or coronary heart disease

 (C) vascular surgery; patient with one or more  
clinical risk  actors  or coronary heart disease

 (D) intermediate-risk surgery; patient with known 
coronary heart disease

 (E) low-risk surgery; patient currently taking a 
beta-blocker 

Patients currently taking β -blocker therapy should con-
tinue therapy throughout the perioperative period (even 
 or low-risk surgery). T is is a Class I recommendation 
(should be per ormed). T e guidelines emphasize that 
the management o  beta-blockers a ter surgery should 
be dictated by clinical circumstances, regardless o  when 
the drug was started (Class IIa recommendations). For 
example, hypotension, bleeding or bradycardia are all 
good reasons to hold/stop beta-blockers, and the poten-
tial harm o  continuing these drugs in such settings 
likely outweighs any potential bene ts. In patients with 
3 or more Revised Cardiac Risk Index  actors, it may be 
reasonable (Class IIb) to start beta blockers be ore sur-
gery. However, i  this is done, it should be done well 
enough in advance to be able to assess e cacy and toler-
ability. It is NO  recommended to start beta-blockers 
on the day o  surgery (Class III, harm). 
 Note, some sources may be out o  date with respect to 
current perioperative beta-blockade guidelines. Early 
studies o  perioperative beta blockade which demon-
strated bene ts including reduced mortality rates have 
NO  been borne out by more recent studies. T e POISE 
study  ound perioperative beta blockade increased the 
risk o  stroke and death  rom noncardiac complications.  
Further complicating the data, a number o  studies by 
the Dutch researcher Poldermans were put into question 
with allegations o  academic misconduct. Current ACC/
AHA guidelines  rom 2014 have EXCLUDED ALL o  
the Poldermans studies (known as the Dutch Echocar-
diography Cardiac Risk Evaluation Applying Stress 
Echocardiography, or DECREASE, trials).

Note: Perioperative beta-blockade guidelines have been tainted 
by apparent  raudulent data. New research questions the valid-
ity o  perioperative beta-blockade. Most anesthesiology texts 
are out o  date with respect to these  ndings. Revisions to 
major guidelines are pending. Despite this, it is still recom-
mended that a patient taking beta-blocker therapy continue 
with the medication throughout the perioperative period.

Ref: Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 
ACC/AHA guidelines on perioperative cardiovascular 
evaluation and management o  patients undergoing 
noncardiac surgery: a report o  the American College o  
Cardiology/American Heart Association  ask Force on 
practice guidelines. J Am Coll Cardiol 2014;64:e77–137. 

 38. A patient with no known cardiac risk  actors is sched-
uled  or major vascular surgery. Which o  the  ollowing 
techniques or medications should be used in order to 
reduce cardiac risk?

 (A) induced hypothermia 
 (B) atorvastatin
 (C) clonidine
 (D) verapamil
 (E) dilutional anemia 

According to the American College o  Cardiology and 
American Heart Association (ACC/AHA) guidelines on 
perioperative cardiovascular evaluation and care  or non-
cardiac surgery, initiating statin therapy in patients not 
already on the drugs who are undergoing vascular surgery 
is a reasonable practice (Class IIa). Evidence suggests that 
statins stabilize atherosclerotic plaque and reduce mortal-
ity a ter vascular surgery. Other risk reduction strategies 
include alpha-2 agonists, and calcium channel blockers. 
However, the evidence is not as robust and alpha-2 ago-
nists are recommended  or perioperative control o  hyper-
tension in patients with known CAD or at least 1 clinical 
risk  actor. T e best evidence  or calcium channel block-
ers is  or diltiazem; with evidence o  reduced ischemia and 
trends towards reduced mortality. Large scale trials  or 
verapamil are needed. Other  actors that are associated 
with increased perioperative risk and should be avoided 
include: hypothermia, anemia/polycythemia, unneces-
sary use o  vasopressors, and prolonged operations.

Ref: Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 
ACC/AHA guidelines on perioperative cardiovascular 
evaluation and management o  patients undergoing 
noncardiac surgery: a report o  the American College o  
Cardiology/American Heart Association  ask Force on 
practice guidelines. J Am Coll Cardiol 2014;64:e77–137. 
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 39. An adult patient, with no known drug allergies, is 
scheduled  or a total knee arthroplasty. T e institu-
tional incidence o  surgical site in ections (SSIs) caused 
by MRSA is less than 5%. In order to reduce the risk 
o  SSI  or this clean surgery, which o  the  ollowing 
regimens  or antibiotic prophylaxis is indicated?

 (A) no antibiotics indicated
 (B) ce azolin 1 g IV q3–4h
 (C) cefazolin 2 g IV q3–4h
 (D) vancomycin 1 g IV
 (E) metronidazole 500 mg IV 

Ce azolin 2 g IV q3–4h is indicated to reduce the risk o  
SSI  or a total joint arthroplasty in a patient without 
allergies. Most SSIs are due to gram-positive cocci 
(staphylococci) so  rst-generation cephalosporins are 
indicated. I  the institution has a high rate o  MRSA 
SSIs (> 20% o  all SSIs caused by MRSA) vancomycin 
is indicated. I  the patient has a signi cant penicillin 
allergy, then either vancomycin or clindamycin is indi-
cated. I  anaerobic or gram-negative antibiotic coverage 
is desired, then a second-generation cephalosporin (e.g., 
ce oxitin) or ce azolin and metronidazole is indicated. 

Ref: Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical 
practice guidelines  or antimicrobial prophylaxis in sur-
gery. Am J Health Syst Pharm 2013;70(3):195–283. 

 40. In an e ort to reduce surgical site in ections (SSIs), 
antibiotic prophylaxis is o ten administered preopera-
tively. What is the optimal time  or administration o  
the preoperative dose?

 (A) within 30 minutes o  surgical incision  or  
ce azolin 

 (B) within 2 hours o  surgical incision  or ce azolin
 (C) within 4 hours o  surgical incision  or ce azolin
 (D) within 1 hour o  surgical incision  or vancomycin
 (E) within 2 hours of surgical incision for  

ciprofloxacin 

According to clinical practice guidelines  or antimicro-
bial prophylaxis in surgery, the optimal time  or 
administration o  the preoperative dose is within 
2 hours o  surgical incision  or ciprof oxacin or vanco-
mycin. Ce azolin should be given within 60 minutes 
o  surgical incision.

Ref: Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical 
practice guidelines  or antimicrobial prophylaxis in sur-
gery. Am J Health Syst Pharm 2013;70(3):195–283. 

 41. Which patient requires antibiotic prophylaxis  or  
prevention o  in ective endocarditis? 

 (A) patient with severe mitral valve prolapse (MVP) 
scheduled  or routine dental cleaning

 (B) patient with a previous history o  endocarditis 
scheduled  or routine transesophageal  
echocardiography

 (C) patient with a prosthetic aortic valve  
scheduled for routine tonsillectomy

 (D) cardiac transplant recipient scheduled  or  
routine bronchoscopy

 (E) patient with completely repaired congenital 
heart de ect (15 years prior) scheduled  or  
routine vaginal delivery 

A patient with a prosthetic aortic valve scheduled  or 
routine tonsillectomy requires antibiotic prophylaxis 
 or prevention o  in ective endocarditis.
 Cardiac conditions  or which in ective endocarditis 
prophylaxis may be reasonable include:

• Prosthetic cardiac valve
• Previous history of infective endocarditis
• Congenital heart disease (CHD): 

• unrepaired cyanotic CHD, including shunts
• completely repaired CHD with prosthetic mate-

rial (during  irst 6 months a ter procedure)
• repaired CHD with residual defects near pros-

thetic material 
• Cardiac transplant patients with valvular disease

Only patients with the a orementioned cardiac condi-
tions require antibiotic prophylaxis i  they undergo the 
 ollowing procedures:
• Dental procedures that involves manipulation of 

gingival tissue, periapical region o  teeth, or disrup-
tion o  oral mucosa.

• Respiratory tract mucosal incision or biopsy includ-
ing tonsillectomy or adenoidectomy; or respiratory 
tract procedure to treat in ection.

• GI or GU tract procedure with established GI or GU 
tract in ection.

• Procedure involving infected skin or musculoskeletal 
tissue.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 CHAPTER 26

General Anesthesia, Monitored 
Anesthetic Care, and Sedation

 1. Guedel classically described  our stages o  anesthesia  or 
inhalation anesthetics. Which o  the  ollowing  ndings 
occurs only in the stage o  “surgical anesthesia”? 

 (A) unconsciousness and amnesia
 (B) apnea
 (C) no movement except respiration 
 (D) increased muscular movement 
 (E) hypertension and tachycardia

 2. During a preoperative consultation, a patient expresses 
concern about anesthetic awareness  or their upcoming 
surgery. A discussion o  risk  actors  or anesthetic 
awareness ensues. Which o  the  ollowing situations has 
the lowest likelihood o  anesthetic awareness?

 (A) trauma surgery
 (B) caesarean section
 (C) maintenance o  anesthesia with a BIS number  

o  60
 (D) maintenance o  anesthesia with end-tidal  

anesthetic gas concentration > 0.5 MAC 
 (E) maintenance o  anesthesia with nitrous oxide 

(N2O)

 3. Sevo urane is used to per orm an inhalation induction 
on a pediatric patient. Which o  the  ollowing side 
e ects is most likely?

 (A) laryngospasm
 (B) breath-holding
 (C) coughing
 (D) excitement
 (E) bronchospasm

 4. For maintenance o  anesthesia, a combined technique 
o  iso urane and  entanyl is selected. I   entanyl con-
centrations are maintained in the analgesic range, how 
is the MAC o  iso urane altered?

 (A) increased by 50%
 (B) increased by 25% 
 (C) unchanged
 (D) decreased by 25% 
 (E) decreased by 50%

 5. As a sole intravenous anesthetic, propo ol is selected  or 
procedural sedation. What is typically suggested as the 
starting dose o  propo ol  or sedation?

 (A) loading dose o  0.25–1 mg/kg
 (B) maintenance in usion o  50–150 mcg/kg/min
 (C) loading dose o  1–3 mcg/kg
 (D) maintenance in usion o  10–20 mcg/kg/min
 (E) loading dose o  0.5–1 mcg/kg

 6. A patient requires an awake nasal  beroptic intubation. 
Anesthesia o  the nasal mucosa requires blockade o  
which sensory nerve?

 (A) glossopharyngeal nerve
 (B) vagus nerve
 (C) hypoglossal nerve 
 (D)  acial nerve
 (E) trigeminal nerve

 7. A Cormack and Lehane grade 2 view is best described 
by which o  the  ollowing? 

 (A)  ull view o  vocal cords
 (B) view o  epiglottis only
 (C) view o  so t palate only
 (D) view o  arytenoid cartilages only 
 (E) no view o  vocal cords
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 8. T e Mallampati classi cation is a preoperative airway 
screening test that attempts to identi y patients “at 
risk” o  dif cult tracheal intubation. I  a patient is 
identi ed as a Mallampati class 3 or 4 airway, what is 
the sensitivity o  this test to actually predict dif cult 
tracheal intubation?

 (A) 10% 
 (B) 25% 
 (C) 50% 
 (D) 75% 
 (E) 95%

 9. Which o  the  ollowing characteristics is NO  an inde-
pendent predictor o  dif cult mask ventilation?

 (A) obstructive sleep apnea
 (B) age > 40
 (C) BMI > 30 kg/m2

 (D) limited mandibular protrusion 
 (E) snoring

 10. An otherwise normal patient is assessed preoperatively, 
and no concerns regarding dif cult tracheal intubation 
are identi ed. However, the  rst attempt at tracheal 
intubation  ails. According to the ASA practice guide-
lines  or management o  the dif cult airway,  rom this 
point onward what is the initial consideration?

 (A) call  or help
 (B) return patient to spontaneous ventilation 
 (C) awaken the patient
 (D) place a laryngeal mask
 (E) initiate a surgical airway

 11. Preoperative assessment identi es an otherwise well but 
uncooperative patient as potentially dif cult to intu-
bate. O  the  ollowing options, which is the pre erred 
method to secure the airway?

 (A) propo ol; rocuronium; direct laryngoscopy
 (B) propo ol; succinylcholine; direct laryngoscopy 
 (C) awake surgical airway
 (D) awake  iber-optic-guided intubation
 (E) inhalation induction; direct laryngoscopy

 12.  o  acilitate tracheal intubation, a variety o  medica-
tions may be used. Instead o  an induction agent and a 
neuromuscular blocking drug, the use o  an induction 
agent with remi entanil will result in:

 (A) better conditions  or direct laryngoscopy 
 (B) lower  requency o   ailed intubation
 (C) lower  requency o  airway trauma
 (D) less hypotension
 (E) more di  icult mask ventilation

 13. A retrograde intubation technique traditionally includes 
which o  the  ollowing steps? 

 (A) patient placed supine with neck in  lexion
 (B) insert the introducer needle at the level o  the 

cricotracheal membrane
 (C) insert the introducer needle in a cephalad  

direction
 (D) con irm placement o  the introducer needle 

position with aspiration o  air
 (E) a ter passage o  retrograde guide wire; retrograde 

passage o  sti  er plastic sheath

 14. Preoperatively, a patient is identi ed as dif cult to intu-
bate, and an awake intubation technique is attempted. 
However, the awake intubation technique is unsuccess-
 ul. Surgery cannot be canceled. A ter this  ailure o  the 
awake intubation technique, which o  the  ollowing is 
an option  or noninvasive airway management?

 (A) surgical airway
 (B)  ace mask
 (C) percutaneous airway 
 (D) jet ventilation
 (E) retrograde intubation

 15. Which o  the  ollowing videolaryngoscopes has a built-
in channel  or passage o  the tracheal tube?

 (A) McGrath
 (B) GlideScope
 (C) Airtraq
 (D) C-Mac
 (E) DCI (direct coupler inter ace)
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 16. For tracheal intubation a paraglossal technique o  
laryngoscopy with a Miller laryngoscope is employed. 
Where is the optimal position  or the tip o  the Miller 
laryngoscope?

 (A) in the vallecula
 (B) in the piri orm  ossa
 (C) the posterior sur ace o  epiglottis 
 (D) in the esophagus
 (E) near the posterior pharyngeal wall

 17. Flexible  ber-optic intubation is o ten per ormed  or 
patients with dif cult airways. However, there are cer-
tain clinical situations that increase the technical dif -
culty o   exible  ber-optic intubation. Which o  the 
 ollowing situations makes  exible  ber-optic intuba-
tion LEAS  likely to succeed?

 (A) small mouth opening 
 (B) airway hemorrhage 
 (C) upper airway tumor 
 (D)  acial de ormity
 (E) unstable cervical spine

 18. Which laryngoscope blade has a  exible tip that is oper-
ated by a lever on the handle?

 (A) McCoy
 (B) Macintosh
 (C) Miller
 (D) Magill
 (E) Wisconsin

 19.  ransillumination with a lighted stylet is a use ul 
method to aid in tracheal intubation. For which one o  
the  ollowing situations is transillumination with a 
lighted stylet indicated?

 (A) patient with an unstable cervical spine
 (B) patient with an airway in ection
 (C) patient with airway trauma
 (D) patient with an airway  oreign body 
 (E) patient with an airway tumor

 20. A patient is induced with propo ol and rocuronium. 
 racheal intubation is attempted with direct laryngos-
copy using a Macintosh blade. T e epiglottis obscures 
the view o  the vocal cords. A second attempt at tra-
cheal intubation is per ormed. For the second attempt 
at tracheal intubation, which o  the  ollowing tech-
niques should be avoided?

 (A) blind nasotracheal intubation
 (B) direct laryngoscopy with Macintosh blade and 

gum elastic bougie 
 (C)  lexible  iber-optic intubation
 (D) intubating laryngeal mask airway
 (E) direct laryngoscopy with Miller blade

 21. A laryngeal mask airway (LMA) is placed and the cu  
is in ated to  orm an adequate seal  or gas exchange. 
What is the maximum recommended cu  pressure  or 
an LMA? 

 (A) 20 cm H2O
 (B) 30 cm H2O
 (C) 40 cm H2O 
 (D) 50 cm H2O 
 (E) 60 cm H2O

 22. T e original technique  or laryngeal mask airway (LMA) 
placement includes which o  the  ollowing steps?

 (A) patient is supine with neck extended
 (B) be ore insertion, the LMA cu   is in lated and 

lubricated
 (C) index  inger presses tip o  LMA cu   upward 

against the so t palate 
 (D) LMA is advanced until cu   is no longer visible
 (E) LMA cu   is in lated and outward movement o  

the tube is observed
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 23. A supraglottic airway with drain tube access to the 
stomach (e.g., ProSeal laryngeal mask airway) is placed 
and positive-pressure ventilation is planned. Be ore the 
initiation o  positive-pressure ventilation, which o  the 
 ollowing methods is most help ul to con rm correct 
airway placement?

 (A) a sel -in lating bulb is de lated and will not  ill 
when placed at the drain tube 

 (B) the presence o  end-tidal CO2

 (C) chest movement with manual ventilation
 (D) soapy  ilm or gel placed at drain tube moves 

with positive-pressure ventilation
 (E) airway cu   leak at a minimum o  10 cm H2O

 24. A pre-hospital emergency medical services team uses a 
Combitube to manage a patient’s airway. Which o  the 
 ollowing is the best classi cation o  a Combitube?

 (A) cu  ed pharyngeal sealer without esophageal  
sealing

 (B) cu  ed pharyngeal sealer with esophageal  
sealing

 (C) cu  ed perilaryngeal sealer with nondirectional 
sealing 

 (D) cu  ed perilaryngeal sealer with directional  
sealing

 (E) uncu  ed anatomically shaped sealer

 25. A patient in a “cannot intubate, cannot ventilate” situ-
ation requires an emergency airway. For experienced 
and well-trained sta , which o  the  ollowing tech-
niques is generally the  astest way to insert a cu ed tube 
into the trachea?

 (A) surgical cricothyrotomy
 (B) surgical tracheotomy
 (C) needle cricothyrotomy
 (D) percutaneous dilational cricothyrotomy 
 (E) percutaneous dilational tracheotomy

 26. In a “cannot intubate, cannot ventilate” situation, a 
patient develops increasing hypoxemia. An emergency 
percutaneous airway is made with a needle (cannula) 
cricothyrotomy. E ective ventilation with this type o  
airway requires which o  the  ollowing?

 (A) high- requency jet ventilation
 (B) a  lexible cannula
 (C) con irmation o  exhalation through the upper 

airway
 (D) con irmation o  tracheal position via aspiration 

o  saline 
 (E) an initial in lation pressure o  at least 55 psi  

(4 kPa)

 27. O  the various options  or one-lung ventilation, which 
o  the  ollowing methods allows  or bronchoscopy to 
the isolated lung?

 (A) double-lumen tube
 (B) bronchial blocker
 (C) Univent tube
 (D) endobronchial tube
 (E) endotracheal tube advanced into bronchus

 28. A le t-sided double-lumen tube (DL ) needs to  t cor-
rectly within a patient’s le t bronchus. T e patient is a 
male who is 180 cm (71 inches) tall. Based on sex and 
height, what is the correct size o  DL   or this patient?

 (A) 32 Fr
 (B) 35 Fr 
 (C) 37 Fr 
 (D) 39 Fr 
 (E) 41 Fr
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 29. Direct laryngoscopy is used to place a le t-sided double-
lumen tube (DL ). T e DL  is turned 90 degrees coun-
terclockwise a ter the endobronchial cu  passes the 
vocal cords. Which o  the  ollowing methods is use ul 
to con rm proper DL  placement in the le t bronchus?

 (A) auscultation alone
 (B) bronchoscopy; tracheal view shows blue endo-

bronchial cu   5 mm above carina 
 (C) bronchoscopy; right upper lobe view shows two 

ori ices
 (D) bronchoscopy; le t endobronchial view shows 

two ori ices
 (E) bronchoscopy; endobronchial blocker in the 

right mainstem bronchus

 30. In preparation  or a thoracotomy and one-lung ventila-
tion, a le t-sided double-lumen tube (DL ) is placed 
without dif culty, and the patient is moved to the lat-
eral position. During positioning, the endobronchial 
cu  migrates to a more proximal position. Which o  
the  ollowing complications is most likely?

 (A) protrusion o  the endobronchial cu   into the 
surgical  ield 

 (B)  ailure o  the lung to collapse
 (C) subcutaneous emphysema
 (D) massive airway bleeding
 (E) unexpected air leak 

 31. Options  or lung isolation and one-lung ventilation 
(OLV) include double-lumen tubes (DL s) and bron-
chial blockers. Compared to a DL , which o  the  ol-
lowing is an advantage o  a bronchial blocker  or OLV?

 (A) less time  or airway positioning
 (B) bronchoscopy not necessary
 (C) easier  or postoperative two-lung ventilation 
 (D) easier to apply suction to the isolated lung
 (E) easier to alternate OLV to either lung

 32. A ter completion o  a thoracic surgery procedure, a 
patient requires postoperative ventilation. A le t-sided 
double-lumen tube (DL ) was placed  or the surgery. 
Rather than exchanging the DL   or a single lumen 
endotracheal tube, which o  the  ollowing is a benef t 
o  a DL   or postoperative ventilation?

 (A) less air low resistance
 (B) decreased risk o  lost airway
 (C) easier suctioning
 (D) less risk o  airway edema
 (E) decreased risk o  mucous plugging

 33. A patient who requires a thoracotomy is dif cult to 
intubate. A single lumen tube (SL ) is success ully 
placed. However, one-lung ventilation with a DL  is 
desired. An exchange catheter is used to switch the SL  
to a DL . Which o  the  ollowing correctly describes 
how to use an exchange catheter?

 (A) place the patient supine with neck extended
 (B) select an exchange catheter that is  lexible with 

no outer markings 
 (C) select an exchange catheter at least 100 cm long
 (D) advance exchange catheter through the tracheal 

lumen o  the DL  
 (E) insert exchange catheter no more than 24 cm at 

the lips

 34. A bougie, or endotracheal tube introducer, is used to 
aid direct laryngoscopy and placement o  an endotra-
cheal tube. What is a relative contraindication  or use 
o  a bougie?

 (A) Grade III Cormack-Lehane view
 (B) suspected cervical spine injury 
 (C) laryngeal disruption
 (D) pediatric patient
 (E) use o  a videolaryngoscope

 35. Which o  the  ollowing tracheal tube introducers (or 
“intubating stylets”) has the ability to jet ventilate a 
patient?

 (A) Eschmann tracheal tube introducer 
 (B) Frova tracheal tube introducer
 (C) gum elastic bougie
 (D) SunMed tracheal tube introducer 
 (E) Flex-Guide tracheal tube introducer

MCGH380-CH26_421-444.indd   425  10/09/16   9:44 PM



426  26: General Anesthesia, Monitored Anesthetic Care, and Sedation

 36. A tracheal tube introducer, or bougie, is selected to 
 acilitate placement o  a standard endotracheal tube 
(E  ). T e tracheal tube introducer is success ully 
placed, but the E   does not pass into the trachea.  o 
 acilitate passage o  the E   over the tracheal tube 
introducer, which o  the  ollowing maneuvers should 
be attempted?

 (A) rotate the E   180 degrees clockwise 
 (B) switch to a smaller diameter bougie 
 (C) switch to a  lexible E  
 (D) remove the laryngoscope blade
 (E) switch to a larger diameter E  

 37. Direct laryngoscopy is per ormed on an adult patient. 
T e larynx is not visualized and a blind technique with 
a tracheal tube introducer, or bougie, is attempted. 
Which o  the  ollowing is most suggestive o  success ul 
placement o  the bougie in the trachea? 

 (A) no resistance to passage o  entire bougie
 (B) tactile clicks during passage o  bougie
 (C) proximal holdup at 10 cm
 (D) distal holdup at 50 cm
 (E) visualization o  the bougie passing ventral to the 

epiglottis

 38. An uncu ed endotracheal tube (E  ) is placed  or a 
pediatric anesthetic. At peak in ation, what is an 
appropriate cu  leak pressure?

 (A) 15 cm H2O
 (B) 25 cm H2O
 (C) 35 cm H2O
 (D) 45 cm H2O 
 (E) 55 cm H2O

 39. Compared to an uncu ed endotracheal tube (E  ) o  
the same size, what is an advantage o  a cu ed E   in 
young children? 

 (A) less expensive
 (B) larger internal diameter
 (C) lower E   exchange rate
 (D) lower risk o  mucosal injury 
 (E) less work o  breathing  or patient

 40. An endotracheal tube (E  ) is placed using a  exible 
 beroptic technique  or a neurosurgical procedure. 
Which o  the  ollowing E  s may be prone to irrevers-
ible compression?

 (A) standard PVC E  
 (B) microlaryngeal E   
 (C) wire-rein orced E   
 (D) Lanz valve E  
 (E) nasal RAE E  

 41. An EN  surgeon plans to excise an adult patient’s vocal 
cord lesion without using a laser. General anesthesia 
with airway protection and positive pressure ventilation 
is desired. For endotracheal tubes (E  s) o  compara-
ble size, which type o  E   is the best choice?

 (A) standard PVC E   
 (B) microlaryngeal E   
 (C) wire-rein orced E   
 (D) Lanz valve E  
 (E) pediatric E  

 42. In the ICU, a critically ill patient requires intubation 
and positive pressure ventilation. In order to reduce the 
risk o  microaspiration and ventilator-associated pneu-
monia (VAP), a number o  E   design modi cations 
have been proposed. Which o  the  ollowing E   
designs or  eatures may reduce the risk o  microaspira-
tion or VAP?

 (A) use o  high volume–low pressure (HVLP) cu   
rather than a high pressure-low volume (HPLV) 
cu  

 (B) use o  a polyurethane cu   rather than a  
polyvinyl chloride cu  

 (C) use o  barrel-shaped cu   rather than a tapered 
cu  

 (D) maintenance o  HVLP cu   pressure at 15 cm 
H2O with a pneumatic valve

 (E) intermittent aspiration o  tracheal secretions 
rather than continuous aspiration o  subglottic 
secretions
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 43. Endotracheal tubes (E  s) can be made with a variety 
o  materials including latex, silicone, polyvinyl chloride 
(PVC), or polyurethane (PU). In order to reduce the 
risk o  airway mucosal injury, most E   cu  designs 
are high volume–low pressure (HVLP). However, there 
are E   cu s that are high pressure–low volume (HPLV). 
Which o  the  ollowing E  s has a HPLV cu ?

 (A) standard PVC E  
 (B) silicone E    or intubating LMA
 (C) PVC E   with Lanz valve
 (D) PVC E   with tapered cu  
 (E) PU E   with tapered cu   and drain  or  

subglottic secretions

 44. Laser surgery o  the airway requires the selection o  a 
laser-sa e endotracheal tube (E  ). Which o  the  ol-
lowing E  s is NO  approved by the Food and Drug 
Administration (FDA) as laser resistant?

 (A)  lexible stainless steel with plastic sur ace
 (B) red rubber with copper  oil wrap
 (C) silicone with aluminum wrap and  e lon coating
 (D) silicone with layer o  aluminum powder in  

silicone 
 (E) PVC wrapped in aluminum  oil tape

 45. T ere are a variety o  ways to assess endotracheal tube 
cu  pressures. How does an endotracheal tube with the 
Lanz system ensure adequate cu  pressure?

 (A) uses a pressure limiting valve
 (B) requires a manometer
 (C) measures minimal occlusive volume 
 (D) per orms a minimal leak test
 (E) requires palpation o  the pilot balloon

 46. A patient is scheduled  or a laparoscopic hemicolec-
tomy. For general anesthesia, which o  the  ollowing is 
NO  an ASA standard monitor?

 (A) low oxygen concentration alarm
 (B) Foley catheter
 (C) continuous electrocardiogram
 (D) temperature probe
 (E) measurement o  volume o  expired gas

 47. According to the ASA practice guidelines  or sedation 
and analgesia by nonanesthesiologists, the de nition o  
moderate or “conscious” sedation includes which o  the 
 ollowing  eatures?

 (A) purpose ul response to verbal stimuli
 (B) cardiovascular  unction may be impaired
 (C) airway intervention may be required
 (D) spontaneous ventilation may be inadequate 
 (E) unarousable to pain ul stimuli

 48. Which o  the  ollowing is the LEAS  acceptable tech-
nique  or providing sedation during a minor surgical 
procedure? 

 (A) intermittent boluses o  propo ol
 (B) continuous in usion o  propo ol
 (C) target controlled in usion o  propo ol
 (D) continuous in usion o  dexmedetomidine
 (E) intermittent boluses o   entanyl and droperidol

 49. According to closed-claims data, which o  the  ollowing 
mechanisms is the most likely to cause injury leading to 
litigation  ollowing monitored anesthetic care (MAC)?

 (A) respiratory event
 (B) inadequate oxygenation or ventilation
 (C) cardiovascular event
 (D) equipment  ailure o  mal unction
 (E) cautery  ires

 50. According to the American Society o  Anesthesiologists 
Practice Guidelines  or Sedation and Analgesia by Non-
Anesthesiologists, which o  the  ollowing is  RUE 
regarding moderate sedation? 

 (A)  he  asting time  or a meal o  tea and toast is  
4 hours.

 (B) A designated individual may engage both in 
monitoring o  the patient and assisting the prac-
titioner per orming the procedure.

 (C) Propo ol is associated with an increased  
incidence o  adverse outcomes compared to 
midazolam.

 (D) Patients receiving moderate sedation  or brie  
procedures may bypass the recovery room and 
proceed straight to discharge.

 (E) Fixed combinations o  sedatives and analgesics 
provide good patient satis action while reducing 
risks  or adverse events.
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Answers and Explanations: 
General Anesthesia, Monitored  
Anesthetic Care, and Sedation

 1. Guedel classically described  our stages o  anesthesia  or 
inhalation anesthetics. Which o  the  ollowing  ndings 
occurs only in the stage o  “surgical anesthesia”? 

 (A) unconsciousness and amnesia
 (B) apnea
 (C) no movement except respiration 
 (D) increased muscular movement 
 (E) hypertension and tachycardia

Although Guedel’s  our stages and signs o  anesthesia 
are mostly o  historic interest, it is still  requently 
re erenced:
• Stage 1: awake to unconscious, analgesia increases
• Stage 2: “excitement” stage to onset of automatic 

breathing, sympathetic activity (hypertension, tachy-
cardia), purposeless movements, irregular respiration

• Stage 3: “surgical anesthesia,” regular breathing, 
stable heart rate and blood pressure, no movement 
except respiration

• Stage 4: anesthetic overdose, from cessation of respi-
ration and collapse o  circulation to death

Re s: Hewer CL. T e stages and signs o  general anaesthesia. 
Br Med J.1937;2(3996):274–276.

Urban BW, Bleckwenn M. Concepts and correlations relevant 
to general anaesthesia. Br J Anaesth. 2002;89(1):3–16.

 2. During a preoperative consultation, a patient expresses 
concern about anesthetic awareness  or their upcoming 
surgery. A discussion o  risk  actors  or anesthetic 
awareness ensues. Which o  the  ollowing situations has 
the lowest likelihood o  anesthetic awareness?

 (A) trauma surgery
 (B) caesarean section

 (C) maintenance o  anesthesia with a BIS number 
o  60

 (D) maintenance o  anesthesia with end-tidal  
anesthetic gas concentration > 0.5 MAC 

 (E) maintenance o  anesthesia with nitrous oxide 
(N2O)

Evidence suggests a maintenance anesthetic using a 
BIS-guided technique with the BIS titrated to 40 to 60 
is e ective at preventing awareness (as is an end-tidal 
anesthetic gas concentration > 0.7 MAC). Anesthetic 
awareness can occur with:
• low anesthetic delivery: error or interruption of deliv-

ery; use o  only N2O  or maintenance anesthesia
• patients with low cardiovascular reserve: pregnancy, 

hypovolemia, or cardiac  ailure (caesarean section, 
cardiac surgery, emergency surgery, trauma surgery)

• patients with high anesthetic requirement: tolerance 
to sedative medications (chronic alcohol, benzodiaz-
epine, or opioid use) 

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 3. Sevo urane is used to per orm an inhalation induction 
on a pediatric patient. Which o  the  ollowing side 
e ects is most likely?

 (A) laryngospasm
 (B) breath-holding
 (C) coughing
 (D) excitement
 (E) bronchospasm

O  the listed complications, excitement during induc-
tion is the most common side e ect o  a sevo urane 
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induction (14%). Inhalation induction with sevo u-
rane is a common technique  or pediatric patients. 
Other complications with this technique include:
• laryngospasm (3%)
• breath-holding (5%)
• coughing (6%)
• bronchospasm (0.3%)

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 4. For maintenance o  anesthesia, a combined technique 
o  iso urane and  entanyl is selected. I   entanyl con-
centrations are maintained in the analgesic range, how 
is the MAC o  iso urane altered?

 (A) increased by 50%
 (B) increased by 25% 
 (C) unchanged
 (D) decreased by 25% 
 (E) decreased by 50%

I   entanyl is maintained in the analgesic range, the 
MAC o  iso urane is reduced by 50%. MAC is a mea-
sure o  anesthetic gas that prevents movement a ter 
surgical incision in 50% o  patients. Balanced anesthe-
sia with an opioid and a volatile anesthetic results in a 
decrease in the MAC o  the volatile anesthetic.

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 5. As a sole intravenous anesthetic, propo ol is selected  or 
procedural sedation. What is typically suggested as the 
starting dose o  propo ol  or sedation?

 (A) loading dose o  0.25–1 mg/kg
 (B) maintenance in usion o  50–150 mcg/kg/min
 (C) loading dose o  1–3 mcg/kg
 (D) maintenance in usion o  10–20 mcg/kg/min
 (E) loading dose o  0.5–1 mcg/kg

T e dose o  propo ol  or sedation is typically suggested 
as a loading dose o  0.25–1 mg/kg and a maintenance 
in usion o  10–50 mcg/kg/min. For anesthesia, the dose 
o  propo ol is suggested as a loading dose 1–2 mg/kg 
and a maintenance in usion o  50–150 mcg/kg/min. 
For sedation, a suggested loading dose o   entanyl is 
1–3 mcg/kg. For sedation, a suggested maintenance 
dose o  ketamine is 10–20 mcg/kg/min. For sedation, a 

suggested loading dose o  dexmedetomidine is 
0.5–1 mcg/kg (over 10 minutes).

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 6. A patient requires an awake nasal  beroptic intubation. 
Anesthesia o  the nasal mucosa requires blockade o  
which sensory nerve?

 (A) glossopharyngeal nerve
 (B) vagus nerve
 (C) hypoglossal nerve 
 (D)  acial nerve
 (E) trigeminal nerve

Anesthesia o  the nasal mucosa requires blockade o  
the trigeminal nerve (the ophthalmic branch, V1, 
innervates the anterior portion o  the nasal mucosa 
and the maxillary branch, V2, innervates the posterior 
portion o  the nasal mucosa). T e glossopharyngeal 
nerve innervates the oral mucosa and the posterior 1/3 
o  the tongue. T e vagus nerve provides sensory inner-
vation to the trachea below the epiglottis. T e hypo-
glossal nerve provides the motor supply o  the tongue. 
A branch o  the  acial nerve (chorda tympani) supplies 
taste to the anterior 2/3 o  the tongue. 

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 7. A Cormack and Lehane grade 2 view is best described 
by which o  the  ollowing? 

 (A)  ull view o  vocal cords
 (B) view o  epiglottis only
 (C) view o  so t palate only
 (D) view o  arytenoid cartilages only 
 (E) no view o  vocal cords

A Cormack and Lehane grade 2 view includes a partial 
view o  the vocal cords and a  ull view o  the arytenoid 
cartilage. T e modi ed Cormack/Lehane grading sys-
tem is shown in Figure 26-1.

• Grade 1: Full view of vocal cords
• Grade 2a: Partial view of vocal cords
• Grade 2b: View of arytenoid cartilages only
• Grade 3a: View of epiglottis only, no vocal cords 

(epiglottis able to be li ted o   posterior hypophar-
ynx)
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• Grade 3b: View of epiglottis only, no vocal cords 
(epiglottis cannot be li ted o   posterior hypophar-
ynx)

• Grade 4: View of soft palate only, no epiglottis 

Re : Hung O, Murphy MF. Management o  the Dif cult and 
Failed Airway, 2nd ed. New York, NY: McGraw Hill; 
2012.

 8. T e Mallampati classi cation is a preoperative airway 
screening test that attempts to identi y patients “at 
risk” o  dif cult tracheal intubation. I  a patient is 
identi ed as a Mallampati class 3 or 4 airway, what is 
the sensitivity o  this test to actually predict dif cult 
tracheal intubation?

 (A) 10% 
 (B) 25% 
 (C) 50% 
 (D) 75% 
 (E) 95%

I  a patient is identi ed as a Mallampati class 3 or 4 air-
way, there is an ~50% likelihood that the patient will 
actually be dif cult to intubate (sensitivity =  ~50%). 
T ere are a variety o  bedside screening tests that attempt 
to identi y those patients “at risk” o  dif cult tracheal 
intubation. Un ortunately, there is no ideal bedside 
screening test, as sensitivity (true positives) and speci c-
ity (true negatives) tend to be unsatis actory.

Re s: Hung O, Murphy MF. Management o  the Dif cult and 
Failed Airway, 2nd ed. New York, NY: McGraw Hill; 
2012.

Shiga  , Wajima Z, Inoue  , et al. Predicting dif cult intuba-
tion in apparently normal patients: a meta-analysis o  
bedside screening test per ormance. Anesthesiology 2005; 
103(2):429–437.

 9. Which o  the  ollowing characteristics is NO  an inde-
pendent predictor o  dif cult mask ventilation?

 (A) obstructive sleep apnea
 (B) age > 40
 (C) BMI > 30 kg/m2

 (D) limited mandibular protrusion 
 (E) snoring

Age > 57 is an independent predictor o  dif cult mask 
ventilation. Other independent predictors o  dif cult 
mask ventilation include:
• BMI > 30 kg/m2

• presence of a beard
• history of snoring
• history of obstructive sleep apnea
• limited mandibular protrusion
• thick/obese neck anatomy

Re s: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Kheterpal S, Han R,  remper KK, et al. Incidence and pre-
dictors o  dif cult and impossible mask ventilation. Anes-
thesiology 2006;105:885–891.

 10. An otherwise normal patient is assessed preoperatively, 
and no concerns regarding dif cult tracheal intubation 
are identi ed. However, the  rst attempt at tracheal 
intubation  ails. According to the ASA practice guide-
lines  or management o  the dif cult airway,  rom this 
point onward what is the initial consideration?

 (A) call  or help
 (B) return patient to spontaneous ventilation 
 (C) awaken the patient
 (D) place a laryngeal mask
 (E) initiate a surgical airway

Grade  1  Grade  2A  Grade  2B  Grade  3A  Grade  3B  Grade  4

Easy  Restricted  Difficult

FIG. 26-1. Modified Cormack/Lehane grading system of laryngoscopic view. (Reproduced with permission from Hung O, Murphy MF. 
Management of the difficult and failed airway, 2nd ed. New York, NY: McGraw Hill; 2012.)
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According to the ASA practice guidelines  or manage-
ment o  the dif cult airway, a ter the initial intubation 
attempt  ails, the  rst consideration is to call  or help. 
T e ASA dif cult airway algorithm has a pathway  or 
the unanticipated dif cult airway. A ter the initial 
intubation attempt is unsuccess ul, the practitioner is 
supposed to consider:

• calling for help
• returning patient to spontaneous ventilation
• awakening the patient

T e next step is to determine i   ace mask ventilation is 
adequate with or without a supraglottic airway. 
Depending on the adequacy o  ventilation, the patient 
will enter either the “nonemergency” pathway or the 
“emergency” pathway.

Re : Ap elbaum JL, Hagberg CA, Caplan RA, et al. Practice 
guidelines  or management o  the dif cult airway—an 
updated report by the American Society o  Anesthesiolo-
gists task  orce on management o  the dif cult airway. 
Anesthesiology 2013;118(2):251–270.

 11. Preoperative assessment identi es an otherwise well but 
uncooperative patient as potentially dif cult to intu-
bate. O  the  ollowing options, which is the pre erred 
method to secure the airway?

 (A) propo ol; rocuronium; direct laryngoscopy
 (B) propo ol; succinylcholine; direct laryngoscopy 
 (C) awake surgical airway
 (D) awake  iber-optic-guided intubation
 (E) inhalation induction; direct laryngoscopy

I  a patient is uncooperative yet potentially dif cult to 
intubate, an inhalation induction that preserves spon-
taneous ventilation  ollowed by direct laryngoscopy 
(or other airway management technique) is the pre-
 erred method o  securing the airway. According to the 
ASA practice guidelines  or management o  the dif -
cult airway, an uncooperative patient may limit the 
options  or airway management, particularly awake 
techniques.  echniques that abolish spontaneous ven-
tilation should also be avoided in situations where di -
 cult intubation is anticipated. 

Re s: Ap elbaum JL, Hagberg CA, Caplan RA, et al. Practice 
guidelines  or management o  the dif cult airway—an 
updated report by the American Society o  Anesthesiologists 
task  orce on management o  the dif cult airway. Anesthe-
siology 2013;118(2):251–270.

Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 12.  o  acilitate tracheal intubation, a variety o  medica-
tions may be used. Instead o  an induction agent and a 
neuromuscular blocking drug, the use o  an induction 
agent with remi entanil will result in:

 (A) better conditions  or direct laryngoscopy 
 (B) lower  requency o   ailed intubation
 (C) lower  requency o  airway trauma
 (D) less hypotension
 (E) more di  icult mask ventilation

T e use o  an induction agent with remi entanil will 
result in more dif cult mask ventilation, due to either 
vocal cord closure or chest wall rigidity, compared to a 
technique with an induction agent and a neuromuscu-
lar blocking drug. Other disadvantages o  an induction 
agent and remi entanil technique to  acilitate tracheal 
intubation include:
• poorer conditions for tracheal intubation
• higher frequency of failed intubation
• higher frequency of airway trauma
• hypotension is more likely

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 13. A retrograde intubation technique traditionally includes 
which o  the  ollowing steps? 

 (A) patient placed supine with neck in  lexion
 (B) insert the introducer needle at the level o  the 

cricotracheal membrane
 (C) insert the introducer needle in a cephalad direction
 (D) con irm placement o  the introducer needle 

position with aspiration o  air
 (E) a ter passage o  retrograde guide wire; retrograde 

passage o  sti  er plastic sheath

Although there are many variations, retrograde intuba-
tion technique typically involves the  ollowing steps:
• patient positioned supine with neck in extension
• the introducer needle insertion site is at the level of 

the cricothyroid membrane
• the introducer needle is inserted directly posteriorly 

with the bevel in a cephalad direction to minimize 
risk o  vocal cord injury
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• confirm placement of the introducer needle in the 
trachea with aspiration o  air

• after passage of the retrograde guide wire, some ret-
rograde intubation sets include a sti  er plastic cath-
eter that is introduced via the nose or mouth over the 
retrograde guide wire.

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 14. Preoperatively, a patient is identi ed as dif cult to intu-
bate, and an awake intubation technique is attempted. 
However, the awake intubation technique is unsuccess-
 ul. Surgery cannot be canceled. A ter this  ailure o  the 
awake intubation technique, which o  the  ollowing is 
an option  or noninvasive airway management?

 (A) surgical airway
 (B)  ace mask
 (C) percutaneous airway 
 (D) jet ventilation
 (E) retrograde intubation

I  an awake intubation strategy  ails and surgery can-
not be canceled,  ace mask anesthesia is an option  or 
noninvasive airway management. According to the 
ASA practice guidelines  or management o  the dif -
cult airway, i  the primary strategy o  awake intubation 
 ails, there are three options:
• cancel the case
• invasive airway access—surgical or percutaneous air-

way, jet ventilation, or retrograde intubation
• other options—face mask, supraglottic airway, local 

anesthesia, or regional nerve block.

Re : Ap elbaum JL, Hagberg CA, Caplan RA, et al. Practice 
guidelines  or management o  the dif cult airway—an 
updated report by the American Society o  Anesthesiolo-
gists task  orce on management o  the dif cult airway. 
Anesthesiology 2013;118(2):251–270.

 15. Which o  the  ollowing videolaryngoscopes has a built-
in channel  or passage o  the tracheal tube?

 (A) McGrath
 (B) GlideScope
 (C) Airtraq
 (D) C-Mac
 (E) DCI (direct coupler inter ace)

T e Airtraq video laryngoscope has a built-in channel 
 or passage o  the tracheal tube. Other examples o  vid-

eolaryngoscopes with built-in channels  or the tracheal 
tube include the Bullard laryngoscope and the AirWay 
laryngoscope. T e McGrath, GlideScope, C-Mac, and 
DCI video laryngoscopes do not have built-in channels 
 or passage o  the tracheal tube and typically they 
require a rigid stylet to aid tracheal tube placement.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 16. For tracheal intubation a paraglossal technique o  
laryngoscopy with a Miller laryngoscope is employed. 
Where is the optimal position  or the tip o  the Miller 
laryngoscope?

 (A) in the vallecula
 (B) in the piri orm  ossa
 (C) the posterior sur ace o  epiglottis 
 (D) in the esophagus
 (E) near the posterior pharyngeal wall

T e optimal position  or the tip o  the Miller laryngo-
scope is the posterior sur ace o  the epiglottis. I  a para-
glossal technique o  laryngoscopy with a Miller laryn-
goscope is employed and the larynx is not visible, the 
tip o  the laryngoscope is likely in the:
• vallecula
• piriform fossa
• esophagus
• posterior pharyngeal wall.
 T e optimal position  or the tip o  a Macintosh 
laryngoscope is in the vallecula.

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 17. Flexible  ber-optic intubation is o ten per ormed  or 
patients with dif cult airways. However, there are cer-
tain clinical situations that increase the technical dif -
culty o   exible  ber-optic intubation. Which o  the 
 ollowing situations makes  exible  ber-optic intuba-
tion LEAS  likely to succeed?

 (A) small mouth opening 
 (B) airway hemorrhage 
 (C) upper airway tumor 
 (D)  acial de ormity
 (E) unstable cervical spine

Flexible  ber-optic intubation is least likely to succeed 
in the presence o  airway hemorrhage, as bleeding can 
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obscure the  eld o  view, leading to “red-out” and 
inability to identi y anatomic landmarks. Flexible 
 ber-optic intubation is use ul in a variety o  poten-
tially dif cult airway scenarios including:
• small mouth opening
• upper airway obstruction (tumor or angioedema)
• facial deformities or trauma
• minimizing cervical spine movement

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 18. Which laryngoscope blade has a  exible tip that is oper-
ated by a lever on the handle?

 (A) McCoy
 (B) Macintosh
 (C) Miller
 (D) Magill
 (E) Wisconsin

T e McCoy laryngoscope blade is curved and has a 
 exible tip that is operated by a lever on the handle. 
T e Macintosh blade is a curved laryngoscope blade 
while the Miller, Magill, and Wisconsin blades are 
examples o  straight laryngoscope blades. 

Re s: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013.

Gabbott DA. Laryngoscopy using the McCoy laryngoscope 
a ter application o  a cervical collar. Anaesthesia 1996; 
51(9):812–814.

 19.  ransillumination with a lighted stylet is a use ul 
method to aid in tracheal intubation. For which one o  
the  ollowing situations is transillumination with a 
lighted stylet indicated?

 (A) patient with an unstable cervical spine
 (B) patient with an airway in ection
 (C) patient with airway trauma
 (D) patient with an airway  oreign body 
 (E) patient with an airway tumor

A lighted stylet is a blind technique that has been used 
success ully in patients with cervical spine disorders. 
Contraindications to this technique include airway 
tumors, in ection, trauma, and  oreign bodies.

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 20. A patient is induced with propo ol and rocuronium. 
 racheal intubation is attempted with direct laryngos-
copy using a Macintosh blade. T e epiglottis obscures 
the view o  the vocal cords. A second attempt at tra-
cheal intubation is per ormed. For the second attempt 
at tracheal intubation, which o  the  ollowing tech-
niques should be avoided?

 (A) blind nasotracheal intubation
 (B) direct laryngoscopy with Macintosh blade and 

gum elastic bougie 
 (C)  lexible  iber-optic intubation
 (D) intubating laryngeal mask airway
 (E) direct laryngoscopy with Miller blade

A secondary plan  or tracheal intubation should always 
be ready i  the initial plan  or tracheal intubation  ails. 
A secondary plan o  blind nasotracheal intubation 
should be avoided in a patient who is not breathing 
spontaneously. Blind nasotracheal intubation is per-
 ormed on patients breathing spontaneously (either 
under anesthesia or awake).  racheal tube placement is 
guided by noting changes in breath sounds. Blind 
nasotracheal intubation per ormed on an apneic 
patient increases the likelihood o   ailure and trauma. 
Other options  or tracheal intubation a ter  ailure o  
direct laryngoscopy include:
• same laryngoscope with use of tracheal tube intro-

ducer (bougie or stylet)
• different laryngoscope blade (Miller)
• flexible fiber-optic laryngoscope
• intubating supraglottic airway device (intubating 

laryngeal mask airway)

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 21. A laryngeal mask airway (LMA) is placed and the cu  
is in ated to  orm an adequate seal  or gas exchange. 
What is the maximum recommended cu  pressure  or 
an LMA? 

 (A) 20 cm H2O
 (B) 30 cm H2O
 (C) 40 cm H2O 
 (D) 50 cm H2O 
 (E) 60 cm H2O

T e maximum recommended cu  pressure  or an LMA 
is 60 cm H2O. Higher pressures can decrease pharyn-
geal mucosal per usion and cause nerve injury. A 
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manometer is used to measure cu  pressure. A cu  leak 
pressure o  at least 20 cm H2O is a use ul test to assess 
the position and  unction o  a laryngeal mask airway.

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 22. T e original technique  or laryngeal mask airway (LMA) 
placement includes which o  the  ollowing steps?

 (A) patient is supine with neck extended
 (B) be ore insertion, the LMA cu   is in lated and 

lubricated
 (C) index  inger presses tip o  LMA cu   upward 

against the so t palate 
 (D) LMA is advanced until cu   is no longer visible
 (E) LMA cu   is in lated and outward movement 

o  the tube is observed

T e original technique  or LMA placement includes 
LMA cu  in ation and outward movement o  the tube. 
T e original technique  or LMA placement is as  ollows:
• patient is placed in a “sniffing” position (neck flexed 

and head extended)
• before insertion, the LMA cuff is de lated and lubricated
• index finger presses the tip of LMA cuff upward 

against the hard palate
• LMA is advanced until definite resistance is felt
• LMA cuff is inflated and outward movement of the 

tube is observed

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 23. A supraglottic airway with drain tube access to the 
stomach (e.g., ProSeal laryngeal mask airway) is placed 
and positive-pressure ventilation is planned. Be ore the 
initiation o  positive-pressure ventilation, which o  the 
 ollowing methods is most help ul to con rm correct 
airway placement?

 (A) a sel -in lating bulb is de lated and will not 
 ill when placed at the drain tube 

 (B) the presence o  end-tidal CO2

 (C) chest movement with manual ventilation
 (D) soapy  ilm or gel placed at drain tube moves 

with positive-pressure ventilation
 (E) airway cu   leak at a minimum o  10 cm H2O

A supraglottic airway with drain tube access to the 
esophagus and stomach (e.g., ProSeal LMA) is cor-
rectly positioned when the drain tube is at the upper 

esophageal sphincter. T e upper esophageal sphincter 
is a potential space and is generally collapsed. T us, the 
airway position is con rmed when a sel -in ating bulb 
is de ated and will not  ll when placed at the drain 
tube. (I  the airway is malpositioned in the hypophar-
ynx or glottic opening, the de ated bulb will re ll.) 
T is is particularly important  or positive-pressure 
ventilation, as a malpositioned airway can lead to gas-
tric distension and aspiration. T ere are a variety o  
other tests to check the placement o  a supraglottic air-
way device with drain tube access to the esophagus and 
stomach. T ese include:
• observation of chest movement with manual  

ventilation
• capnography
• cuff leak pressure > 20 cm H2O
• soapy film or gel placed at drain tube does not move 

with positive pressure ventilation (or airway pres-
sures o  at least 20 cm H2O)

• examination with a flexible fiber-optic laryngoscope
Note that observation o  chest movement with manual 
ventilation, capnography, and cu  leak pressure 
> 20 cm H2O help con rm the airway’s ability to ven-
tilate the patient but do not con rm that the tip o  the 
airway is placed in the upper esophageal sphincter. 

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 24. A pre-hospital emergency medical services team uses a 
Combitube to manage a patient’s airway. Which o  the 
 ollowing is the best classi cation o  a Combitube?

 (A) cu  ed pharyngeal sealer without esophageal  
sealing

 (B) cu  ed pharyngeal sealer with esophageal  
sealing

 (C) cu  ed perilaryngeal sealer with nondirectional 
sealing 

 (D) cu  ed perilaryngeal sealer with directional  
sealing

 (E) uncu  ed anatomically shaped sealer

A Combitube is a cu ed pharyngeal sealer with esoph-
ageal sealing. Another example o  this type o  airway 
device includes the laryngeal tube. T ere are many 
classi cations  or supraglottic airways. A basic classi -
cation includes: 

• Perilaryngeal sealers:
• nondirectional sealing (e.g., LMA)
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• directional sealing (e.g., ProSeal LMA) 
• Pharyngeal sealers:

• without esophageal sealing (e.g., Cobra or COPA)
• with esophageal sealing (Combitube)

• Uncuffed preshaped sealers (e.g., SLIPA or I-gel)

Re s: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Jolli e L, Jackson I. Airway management in the outpatient 
setting: new devices and techniques. Curr Opin Anaesthe-
siol 2008;21:719–722.

 25. A patient in a “cannot intubate, cannot ventilate” situ-
ation requires an emergency airway. For experienced 
and well-trained sta , which o  the  ollowing tech-
niques is generally the  astest way to insert a cu ed tube 
into the trachea?

 (A) surgical cricothyrotomy
 (B) surgical tracheotomy
 (C) needle cricothyrotomy
 (D) percutaneous dilational cricothyrotomy 
 (E) percutaneous dilational tracheotomy

For experienced and well-trained sta , a surgical crico-
thyrotomy is the  astest way to insert a cu ed tube into 
the trachea (within 30 seconds). T e technique requires 
a No. 20 scalpel to make a horizontal incision, insertion 
o  a tracheal hook, caudal and outward traction on the 
cricoid cartilage with the tracheal hook, and insertion 
o  the cu ed tube. Anesthesiologists may not be as 
 amiliar with the surgical cricothyrotomy and pre er the 
percutaneous dilational cricothyrotomy (Seldinger cri-
cothyrotomy). T is procedure is  ast, sa e, and easily 
learned, especially by physicians who are  amiliar with 
Seldinger techniques  or vascular access. T e cricothy-
roid membrane is punctured using a needle attached to 
a syringe  lled with  uid so that the presence o  air 
bubbles alerts the operator to correct needle placement 
within the trachea. A wire is inserted through the nee-
dle into the trachea and advanced caudally. A curved 
plastic 5 mm internal diameter airway catheter with 
internal dilator is advanced over the wire into the tra-
chea and then the dilator removed. T is can then be 
connected via a standard 15 mm connector to a bag-
valve-mask or ventilator. 
 Surgical tracheotomy with skin incision, separation 
o  strap muscles, + /-  division o  the isthmus o  the 

thyroid gland, incision o  the anterior wall o  the tra-
chea, and placement o  a cu ed tube takes a  ew min-
utes even  or the most skilled surgeon.  T e percutane-
ous dilational tracheotomy is an elective procedure 
per ormed under bronchoscopic guidance with a 
guidewire and progressive dilation. Needle (cannula) 
cricothyrotomy, where a large-gauge IV catheter is 
inserted through the cricothyroid membrane and 
attached to a jet ventilator, is  ast but does not result in 
placement o  a cu ed tube into the trachea. Note: tra-
cheotomy re ers to a surgical procedure; tracheostomy 
re ers to the resulting stoma or hole. T e terms are 
o ten used interchangeably.

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 26. In a “cannot intubate, cannot ventilate” situation, a 
patient develops increasing hypoxemia. An emergency 
percutaneous airway is made with a needle (cannula) 
cricothyrotomy. E ective ventilation with this type o  
airway requires which o  the  ollowing?

 (A) high- requency jet ventilation
 (B) a  lexible cannula
 (C) con irmation o  exhalation through the upper 

airway
 (D) con irmation o  tracheal position via aspiration 

o  saline 
 (E) an initial in lation pressure o  at least 55 psi (4 kPa)

E ective ventilation with a needle (cannula) cricothy-
rotomy requires con rmation o  exhalation through 
the upper airway. A needle (cannula) cricothyrotomy 
also requires the  ollowing:
• confirmation of tracheal position via aspiration of air 

with a syringe 
• a rigid cannula
• an initial inflation pressure of less than 55 psi (4 kPa)
• low-frequency jet ventilation
 I  proper technique is not  ollowed, barotrauma 
may result i  the lungs  ail to de ate, or subcutaneous 
emphysema may result i  the cannula becomes 
dislodged.

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 27. O  the various options  or one-lung ventilation, which 
o  the  ollowing methods allows  or bronchoscopy to 
the isolated lung?

 (A) double-lumen tube
 (B) bronchial blocker
 (C) Univent tube
 (D) endobronchial tube
 (E) endotracheal tube advanced into bronchus

O  the various options  or one-lung ventilation, a dou-
ble-lumen tube allows  or bronchoscopy to the isolated 
lung. T e other methods o  lung isolation do not allow 
 or access to the isolated lung  or bronchoscopy.

Re : Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 28. A le t-sided double-lumen tube (DL ) needs to  t cor-
rectly within a patient’s le t bronchus. T e patient is a 
male who is 180 cm (71 inches) tall. Based on sex and 
height, what is the correct size o  DL   or this patient?

 (A) 32 Fr
 (B) 35 Fr 
 (C) 37 Fr 
 (D) 39 Fr 
 (E) 41 Fr

A male who is > 170 cm (67 inches) tall typically 
requires a 41 Fr DL . Shorter males typically require a 
39 Fr DL . A woman who is > 170 cm (67 inches) tall 
typically requires a 37 Fr DL . Shorter  emales typi-
cally require a 35 Fr DL . 

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 29. Direct laryngoscopy is used to place a le t-sided double-
lumen tube (DL ). T e DL  is turned 90 degrees coun-
terclockwise a ter the endobronchial cu  passes the 
vocal cords. Which o  the  ollowing methods is use ul 
to con rm proper DL  placement in the le t bronchus?

 (A) auscultation alone
 (B) bronchoscopy; tracheal view shows blue endo-

bronchial cu   5 mm above carina 
 (C) bronchoscopy; right upper lobe view shows two 

ori ices

 (D) bronchoscopy; le t endobronchial view shows 
two ori ices

 (E) bronchoscopy; endobronchial blocker in the 
right mainstem bronchus

 o con rm proper le t-sided DL  placement, a le t 
endobronchial view should show two ori ces (le t upper 
and le t lower bronchi). Auscultation alone is not a reli-
able method to con rm proper DL  placement. Bron-
choscopy should be per ormed with the  ollowing views: 
• tracheal view shows blue endobronchial cuff 5 mm 

below carina 
• right upper lobe shows three ori ices (apical, anterior, 

and posterior) (Note: this is the only portion o  the 
tracheobronchial tree with three ori ices. A DL  does 
not involve the use o  an endobronchial blocker.)

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 30. In preparation  or a thoracotomy and one-lung ventila-
tion, a le t-sided double-lumen tube (DL ) is placed 
without dif culty, and the patient is moved to the lat-
eral position. During positioning, the endobronchial 
cu  migrates to a more proximal position. Which o  
the  ollowing complications is most likely?

 (A) protrusion o  the endobronchial cu   into the 
surgical  ield 

 (B)  ailure o  the lung to collapse
 (C) subcutaneous emphysema
 (D) massive airway bleeding
 (E) unexpected air leak 

A malpositioned DL , where the endobronchial cu  
migrates to a more proximal position, can lead to  ail-
ure o  the lung to collapse. Both malposition and air-
way trauma are relatively common problems due to 
DL s. Airway trauma can occur i  the DL  is inap-
propriately undersized or oversized (the undersized 
DL  can migrate distally and damage both the bron-
chus and/or distal trachea). Airway trauma may pres-
ent as the  ollowing:
• protrusion of the endobronchial cuff into the surgi-

cal  ield
• subcutaneous emphysema
• massive airway bleeding
• unexpected air leak
Inability to ventilate can occur when bronchial block-
ers are used  or one-lung ventilation, i  the bronchial 
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blocker is incorrectly in ated in the trachea or i  it 
migrates above the carina.

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 31. Options  or lung isolation and one-lung ventilation 
(OLV) include double-lumen tubes (DL s) and bron-
chial blockers. Compared to a DL , which o  the  ol-
lowing is an advantage o  a bronchial blocker  or 
OLV?

 (A) less time  or airway positioning
 (B) bronchoscopy not necessary
 (C) easier  or postoperative two-lung ventilation 
 (D) easier to apply suction to the isolated lung
 (E) easier to alternate OLV to either lung

Compared to a DL , an advantage o  a bronchial 
blocker  or OLV is that it is easier  or postoperative 
two-lung ventilation. Instead o  removing a DL  and 
placing an endotracheal tube, the bronchial blocker is 
simply withdrawn and two-lung ventilation can begin. 
Bronchial blockers (either via a standard endotracheal 
tube or a Univent tube) are placed in the desired main-
stem bronchus and allow  or collapse o  the lung  or 
same-sided surgery. Disadvantages o  a bronchial 
blocker include:
• more time for positioning
• a bronchoscope is essential
• minimal suction to the isolated lung
• difficult to alternate OLV to either lung

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 32. A ter completion o  a thoracic surgery procedure, a 
patient requires postoperative ventilation. A le t-sided 
double-lumen tube (DL ) was placed  or the surgery. 
Rather than exchanging the DL   or a single lumen 
endotracheal tube, which o  the  ollowing is a benef t 
o  a DL   or postoperative ventilation?

 (A) less air low resistance
 (B) decreased risk o  lost airway
 (C) easier suctioning
 (D) less risk o  airway edema
 (E) decreased risk o  mucous plugging

A bene t o  a DL   or postoperative ventilation is a 
decreased risk o  lost airway (as the need  or tube 
exchange is avoided). Risks o  leaving a DL   or post-
operative ventilation include:
• increased airflow resistance (and difficulty weaning 

 rom ventilator)
• malposition (and hypoxia)
• mucous plugging
• difficulty suctioning
• airway edema and trauma
• vocal cord injury

Re : Hung O, Murphy MF. Management o  the Dif cult and 
Failed Airway, 2nd ed. New York, NY: McGraw Hill; 
2012.

 33. A patient who requires a thoracotomy is dif cult to 
intubate. A single lumen tube (SL ) is success ully 
placed. However, one-lung ventilation with a DL  is 
desired. An exchange catheter is used to switch the SL  
to a DL . Which o  the  ollowing correctly describes 
how to use an exchange catheter?

 (A) place the patient supine with neck extended
 (B) select an exchange catheter that is  lexible with 

no outer markings 
 (C) select an exchange catheter at least 100 cm long
 (D) advance exchange catheter through the tracheal 

lumen o  the DL  
 (E) insert exchange catheter no more than 24 cm 

at the lips

When an exchange catheter is used to switch a SL  to 
a DL , it should be inserted no more than 24 cm at the 
lips (to avoid airway injury). Other aspects o  a suc-
cess ul tube exchange include:
• place the patient supine in the “sniffing” position 

(neck  lexion and head extension)
• select an exchange catheter that is flexible with outer 

markings (to control depth o  insertion)
• select an exchange catheter that is at least 83 cm long 

( or DL  exchange)
• advance the exchange catheter through the endo-

bronchial lumen o  the DL 

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 34. A bougie, or endotracheal tube introducer, is used to 
aid direct laryngoscopy and placement o  an endotra-
cheal tube. What is a relative contraindication  or use 
o  a bougie?

 (A) Grade III Cormack-Lehane view
 (B) suspected cervical spine injury 
 (C) laryngeal disruption
 (D) pediatric patient
 (E) use o  a videolaryngoscope

Laryngeal disruption is a relative contraindication  or 
the use o  a bougie. I  the airway is disrupted, the bou-
gie may migrate outside the airway. A bougie is o ten a 
use ul adjunct to direct laryngoscopy  or patients with 
a grade III Cormack-Lehane view (a bougie tends not 
to be use ul  or a grade IV Cormack-Lehane view). 
Other uses  or a bougie as an airway adjunct include 
 or pediatric patients, those with possible cervical spine 
injury, and in conjunction with videolaryngoscopy.

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 35. Which o  the  ollowing tracheal tube introducers (or 
“intubating stylets”) has the ability to jet ventilate a 
patient?

 (A) Eschmann tracheal tube introducer 
 (B) Frova tracheal tube introducer
 (C) gum elastic bougie
 (D) SunMed tracheal tube introducer 
 (E) Flex-Guide tracheal tube introducer

T e Frova tracheal tube introducer (Cook, Inc.) is a 
hollow tube with a curved tip that can both aid in 
intubation and jet ventilate a patient. Other tracheal 
tube introducers that can jet ventilate a patient include 
the Cook Airway Exchange Cather and the Sheridan 
 ube Exchanger (Sheridan Catheter Corp.). T e 
Eschmann tracheal tube introducer (Portex Limited), 
o ten re erred to as a gum elastic bougie, is a straight 
stylet with a curved tip. It does not have a hollow core 
to allow  or jet ventilation. Other variations o  this 
solid design include single-use devices such as the 
SunMed tracheal tube introducer and the Flex-Guide 
tracheal tube introducer, both o  which are  exible 
with curved distal tips.

Re : Hung O, Murphy MF. Management o  the Dif cult and 
Failed Airway, 2nd ed. New York, NY: McGraw Hill; 
2012.

 36. A tracheal tube introducer, or bougie, is selected to 
 acilitate placement o  a standard endotracheal tube 
(E  ). T e tracheal tube introducer is success ully 
placed, but the E   does not pass into the trachea.  o 
 acilitate passage o  the E   over the tracheal tube 
introducer, which o  the  ollowing maneuvers should 
be attempted?

 (A) rotate the E   180 degrees clockwise 
 (B) switch to a smaller diameter bougie 
 (C) switch to a  lexible ETT
 (D) remove the laryngoscope blade
 (E) switch to a larger diameter E  

 o  acilitate passage o  an E   over a tracheal tube 
introducer, or bougie, switch to a  exible E  . Passage 
o  an E   over a tracheal tube introducer (or  exible 
 beroptic bronchoscope) may be dif cult i  the tip o  
the E   becomes obstructed against the right aryte-
noid cartilage. A number o  di erent measures are 
proven to  acilitate passage: 
• use a flexible ETT. Depending on the manufacturer, 

either the inherent  lexibility o  the E   or a poste-
rior location o  the bevel (rather than a le t-sided 
bevel as  or a standard E  ) translates to an 
increased rate o  success.

• rotate the ETT 90 degrees anticlockwise. For a stan-
dard E   the bevel is on the le t side, which means 
the tip o  the E   is prone to impingement on the 
right arytenoid cartilage. A 90-degree anticlockwise 
rotation moves the bevel in a posterior direction and 
increases the likelihood o  success ul passage into the 
trachea. A 180-degree rotation will increase the like-
lihood o  tip impingement against the le t arytenoid 
cartilage.

• keep the laryngoscope blade in place. This improves 
success ul passage by keeping oropharyngeal tissues 
 rom obstructing passage.

• minimize the gap between the tracheal tube intro-
ducer and the E  , either by using a smaller E   
or a larger diameter tracheal tube introducer (or  lex-
ible  iberoptic bronchoscope).

Re s: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Asai  , Shingu K. Dif culty in advancing a tracheal tube over 
a  breoptic bronchoscope: incidence, causes, and solu-
tions. Br J Anaesth 2004;92(6):870–881.
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 37. Direct laryngoscopy is per ormed on an adult patient. 
T e larynx is not visualized and a blind technique with 
a tracheal tube introducer, or bougie, is attempted. 
Which o  the  ollowing is most suggestive o  success ul 
placement o  the bougie in the trachea? 

 (A) no resistance to passage o  entire bougie
 (B) tactile clicks during passage o  bougie
 (C) proximal holdup at 10 cm
 (D) distal holdup at 50 cm
 (E) visualization o  the bougie passing ventral to the 

epiglottis

A reliable sign o  success ul placement o  a bougie in 
the trachea is the presence o  clicks and distal holdup 
o  the bougie between 24 cm and 40 cm. T is is indic-
ative o  the bougie moving across the tracheal carti-
lages and then obstructing in the distal airway. No 
resistance to passage o  the entire bougie is indicative 
o  placement in the esophagus. When the larynx is 
obstructed by a down- olded epiglottis (Grade III 
view), the bougie is passed under the dorsal (posterior) 
sur ace o  the epiglottis and a blind attempt is made at 
placement in the trachea.

Re s: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Kidd JF, Dyson A, Latto IP. Success ul dif cult intubation: 
use o  the gum elastic bougie. Anaesthesia 1998;43(6): 
437–438.

 38. An uncu ed endotracheal tube (E  ) is placed  or a 
pediatric anesthetic. At peak in ation, what is an 
appropriate cu  leak pressure?

 (A) 15 cm H2O
 (B) 25 cm H2O
 (C) 35 cm H2O
 (D) 45 cm H2O 
 (E) 55 cm H2O

For pediatric patients, an appropriately sized uncu ed 
E   should have a cu  leak pressure between 20 cm 
and 30 cm H2O at peak in ation pressure. Higher 
pressure may result in tracheal mucosal injury and air-
way morbidity, while lower pressure may be inadequate 
 or e ective ventilation and airway protection.

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 39. Compared to an uncu ed endotracheal tube (E  ) o  
the same size, what is an advantage o  a cu ed E   in 
young children? 

 (A) less expensive
 (B) larger internal diameter
 (C) lower ETT exchange rate
 (D) lower risk o  mucosal injury 
 (E) less work o  breathing  or patient

For pediatric patients, a cu ed E   decreases the need 
 or E   exchange. An E   exchange is required i  an 
uncu ed E   is placed and the leak pressure is not 
between 20 cm and 30 cm H2O. Higher pressure may 
result in tracheal mucosal injury and airway morbidity, 
while lower pressure may be inadequate  or e ective 
ventilation and airway protection. Depending on the 
pediatric population studied, the risk o  E   exchange 
can be up to 30% when an uncu ed E   is used. 
Cu ed E  s are more expensive than uncu ed E  s. 
Compared to a similarly sized uncu ed E  , cu ed 
E  s have a larger external diameter. Due to this 
increase in external diameter, a smaller cu ed E   is 
required to replace an uncu ed E  . T is theoretically 
results in increased work o  breathing when using a 
cu ed E  . T e overall risk o  mucosal injury is the 
same between cu ed and uncu ed E  s.

Re s: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Khine HH, Corddry DH, Kettrick RG, et al. Comparison o  
cu ed and uncu ed endotracheal tubes in young children 
during general anesthesia. Anesthesiology 1997;86:627–631.

 40. An endotracheal tube (E  ) is placed using a  exible 
 beroptic technique  or a neurosurgical procedure. 
Which o  the  ollowing E  s may be prone to irrevers-
ible compression?

 (A) standard PVC E  
 (B) microlaryngeal E   
 (C) wire-rein orced ETT 
 (D) Lanz valve E  
 (E) nasal RAE E  

Although wire-rein orced E  s are indicated in situa-
tions to reduce the risk o  E   kinking, a wire-
rein orced E   may be prone to irreversible compres-
sion. Situations o  near-complete airway obstruction 
have been described when a patient bites down on a 
wire-rein orced tube. All o  the other E  s listed are 
typically made o  polyvinyl chloride (PVC) or other 
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 exible materials. T is avoids the risk o  irreversible 
compression but does make the E  s prone to kink-
ing, particularly when the patient’s neck (and airway) 
is  exed or extended as  or certain neurosurgical or 
EN  procedures.

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 41. An EN  surgeon plans to excise an adult patient’s vocal 
cord lesion without using a laser. General anesthesia 
with airway protection and positive pressure ventilation 
is desired. For endotracheal tubes (E  s) o  compara-
ble size, which type o  E   is the best choice?

 (A) standard PVC E   
 (B) microlaryngeal ETT 
 (C) wire-rein orced E   
 (D) Lanz valve E  
 (E) pediatric E  

For an adult airway procedure requiring an E  , a 
microlaryngeal E   is the best choice. A microlaryn-
geal E   is speci cally designed  or airway surgery; it 
has a small diameter to avoid obstructing the view o  
the surgical  eld while it is long enough and has a large 
enough cu   or use in adults. I  laser is indicated  or 
the procedure, then a laser-resistant E   is indicated. 
A pediatric E   has a small enough diameter  or air-
way surgery but it is not long enough, and the cu  
tends to be too small to use in an adult. T e external 
diameter o  the other E  s (standard PVC, wire-
rein orced, and Lanz valve E  ) may obstruct the sur-
gical  eld  or airway surgery.

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2008.

 42. In the ICU, a critically ill patient requires intubation 
and positive pressure ventilation. In order to reduce the 
risk o  microaspiration and ventilator-associated pneu-
monia (VAP), a number o  E   design modi cations 
have been proposed. Which o  the  ollowing E   
designs or  eatures may reduce the risk o  microaspira-
tion or VAP?

 (A) use o  high volume–low pressure (HVLP) cu   
rather than a high pressure-low volume (HPLV) 
cu  

 (B) use o  a polyurethane cu   rather than a  
polyvinyl chloride cu  

 (C) use o  barrel-shaped cu   rather than a tapered cu  
 (D) maintenance o  HVLP cu   pressure at 15 cm 

H2O with a pneumatic valve
 (E) intermittent aspiration o  tracheal secretions rather 

than continuous aspiration o  subglottic secretions

T e use o  a polyurethane (PU) cu  rather than a polyvi-
nyl chloride (PVC) cu  may reduce the risk o  micro-
aspiration and VAP. PU cu s are thinner than PVC cu s 
and can create a stronger seal (at a sa e pressure). HPLV 
cu s may o er superior protection against aspiration 
compared to HVLP cu s. However, HPLV cu s are not 
typically used  or long-term ventilation given the risk o  
ischemic damage to the tracheal mucosa.  ypically 
HPLV cu s are used only  or short procedures.
 A tapered cu  design also has superior sealing prop-
erties than a barrel-shaped cu , which may reduce the 
risk o  microaspiration and VAP. Maintenance o  ade-
quate cu  pressure is an important  actor to reduce 
microaspiration and VAP. Intermittent manometry or 
specialized E  s (Lanz valve or electronically moni-
tored) can be used to maintain intracu  pressure at 
typically 25 cm H2O, while 20 cm H2O is usually con-
sidered the sa e lower limit  or HVLP cu s.
 Continuous aspiration o  subglottic secretions 
(CASS) may reduce the risk o  microaspiration while 
intermittent tracheal suctioning may actually increase 
the risk o  microaspiration by creating negative pres-
sure below the E   cu .

Re s: Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2008.

Jaillette E, Martin-Loeches I, Artigas A, et al. Optimal care 
and design o  the tracheal cu  in the critically ill patient. 
Ann Intensive Care 2014;4:7.

 43. Endotracheal tubes (E  s) can be made with a variety 
o  materials including latex, silicone, polyvinyl chloride 
(PVC), or polyurethane (PU). In order to reduce the 
risk o  airway mucosal injury, most E   cu  designs 
are high volume–low pressure (HVLP). However, there 
are E   cu s that are high pressure–low volume (HPLV). 
Which o  the  ollowing E  s has a HPLV cu ?

 (A) standard PVC E  
 (B) silicone ETT  or intubating LMA
 (C) PVC E   with Lanz valve
 (D) PVC E   with tapered cu  
 (E) PU E   with tapered cu   and drain  or  

subglottic secretions
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A silicone E    or an intubating LMA has a high  
pressure–low volume (HPLV) cu . T is is an excep-
tion to the more standard high volume–low pressure 
(HVLP) cu , which reduces the risk o  mucosal injury. 
A HPLV cu  does o er some advantages as the cu  
seals closely against the E  :
• improves visibility of ETT during intubation
• eases passage of ETT for nasal intubation or for pas-

sage through intubating LMA 

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2008.

 44. Laser surgery o  the airway requires the selection o  a 
laser-sa e endotracheal tube (E  ). Which o  the  ol-
lowing E  s is NO  approved by the Food and Drug 
Administration (FDA) as laser resistant?

 (A)  lexible stainless steel with plastic sur ace
 (B) red rubber with copper  oil wrap
 (C) silicone with aluminum wrap and  e lon coating
 (D) silicone with layer o  aluminum powder in  

silicone 
 (E) PVC wrapped in aluminum  oil tape

A standard PVC E   wrapped in aluminum  oil tape 
(or other noncombustible tape) is not approved by the 
FDA as a laser-resistant method. I  an anesthesiologist 
creates their own laser-resistant E   by wrapping a 
PVC E   with noncombustible tape, they assume 
product liability i  injury occurs. Laser-resistant E  s 
approved by the FDA include:
• flexible stainless steel with plastic surface (Laser-Flex)
• red rubber with copper foil wrap (Sheridan Laser-

 rach tube)
• silicone with aluminum wrap and Teflon coating 

(Laser Shield II)
• silicone with layer of aluminum powder in silicone 

(Laser Shield)

Re : Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 45. T ere are a variety o  ways to assess endotracheal tube 
cu  pressures. How does an endotracheal tube with the 
Lanz system ensure adequate cu  pressure?

 (A) uses a pressure limiting valve
 (B) requires a manometer
 (C) measures minimal occlusive volume 

 (D) per orms a minimal leak test
 (E) requires palpation o  the pilot balloon

A Lanz cu  system is a pressure-limiting valve with a 
reservoir that acts to maintain cu  pressure within a 
preset range o  approximately 25 to 30 cm H2O. Elec-
tronic devices are also available that automatically 
maintain cu  pressure within set limits. A manometer 
directly measures cu  pressure, yet they are in re-
quently used in the operating room. Downsides o  
manometers include expense and the need  or calibra-
tion. Although the technique is inaccurate, palpation 
o  the pilot balloon is a commonly employed method 
in the operating room to assess cu  pressure. Minimal 
occlusive volume (MOV) requires a stethoscope to 
auscultate the cessation o  air leak at peak inspiratory 
pressure; minimal leak technique (ML ) also requires 
a stethoscope to auscultate the cessation o  air leak at 
peak inspiratory pressure; then a small amount o  air is 
removed to create a leak.

Re : Dorsch JA, Dorsch SE. Understanding Anesthesia Equip-
ment, 5th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2008.

 46. A patient is scheduled  or a laparoscopic hemicolec-
tomy. For general anesthesia, which o  the  ollowing is 
NO  an ASA standard monitor?

 (A) low oxygen concentration alarm
 (B) Foley catheter
 (C) continuous electrocardiogram
 (D) temperature probe
 (E) measurement o  volume o  expired gas

ASA monitoring standards  or general anesthesia 
includes evaluation o  oxygenation, ventilation, circula-
tion, and temperature. A Foley catheter is not a stan-
dard monitor  or general anesthesia. Measures o  oxy-
genation include breathing system oxygen 
concentration, low oxygen concentration alarm, and 
pulse oximetry. Measures o  ventilation include end-
tidal carbon dioxide analysis, end-tidal carbon dioxide 
alarm, and volume o  expired gas. Measures o  circula-
tion include continuous electrocardiogram, blood pres-
sure and heart evaluated at least every 5 minutes, and 
continual peripheral pulse monitoring (pulse plethys-
mography or oximetry). Measures o  temperature are 
required when “clinically signi cant changes” in body 
temperature are expected.
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Re : ASA Standards  or Basic Anesthetic Monitoring (E ec-
tive July 1, 2011). Available at: http://www.asahq.org/
For-Members/Clinical-In ormation/Standards-Guide-
lines-and- Statements.aspx 

 47. According to the ASA practice guidelines  or sedation 
and analgesia by nonanesthesiologists, the de nition o  
moderate or “conscious” sedation includes which o  the 
 ollowing  eatures?

 (A) purpose ul response to verbal stimuli
 (B) cardiovascular  unction may be impaired
 (C) airway intervention may be required
 (D) spontaneous ventilation may be inadequate 
 (E) unarousable to pain ul stimuli

T e ASA practice guidelines  or sedation and analgesia 
by non-anesthesiologists de nes moderate or “con-
scious” sedation as the  ollowing: 
• responsiveness: purposeful response to verbal or tac-

tile stimuli
• airway: no intervention required
• spontaneous intervention: adequate
• cardiovascular function: usually maintained
Airway intervention may be required and spontaneous 
ventilation may be inadequate during deep sedation. A 
patient may be unarousable to pain ul stimuli and car-
diovascular  unction may be impaired during general 
anesthesia.

Re : Gross JB, Bailey PL, Connis R , et al. Practice guide-
lines  or sedation and analgesia by non-anesthesiologists. 
Anesthesiology 2002; 96(4):1004–1017.

 48. Which o  the  ollowing is the LEAS  acceptable tech-
nique  or providing sedation during a minor surgical 
procedure? 

 (A) intermittent boluses o  propo ol
 (B) continuous in usion o  propo ol
 (C) target controlled in usion o  propo ol
 (D) continuous in usion o  dexmedetomidine
 (E) intermittent boluses o   entanyl and  

droperidol

T ere are multiple ways to administer sedation  or 
minor surgical and interventional procedures sa ely 
and ef ciently. In addition to propo ol, other agents 
and common adjuncts include midazolam, opioids 
(especially short-acting agents such as  entanyl, al ent-
anil, and remi entanil), dexmedetomidine, and sub-

hypnotic doses o  ketamine. Multimodal analgesia 
(e.g., NSAIDs and/or acetaminophen) and antiemetic 
prophylaxis are also important ingredients  or success-
 ul monitored anesthetic care. Both intermittent bolus 
and continuous in usions o  propo ol are very com-
mon. T e latter tends to provide more predictable 
plasma concentrations, improved cardiopulmonary 
stability, and  aster recovery times.  arget controlled 
in usions utilize a computerized algorithm to calculate 
the in usion rate required to maintain a speci c plasma 
level o  a drug based on parameters such as height, 
weight, and sex; they appear to provide equivalent, but 
not superior, outcomes compared to manually con-
trolled in usions with propo ol. 
 Fentanyl and droperidol administered together 
were used  or some time as the basis  or “neuroleptan-
algesia,” a technique used  or sedation that rendered 
patients in a detached, pain- ree state o  immobiliza-
tion and insensitivity to pain. Downsides to this tech-
nique included prolonged sedation, dysphoria, and 
dyskinesia, and this has largely been abandoned since 
the advent o  newer agents with  ewer side e ects.

Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012.

 49. According to closed-claims data, which o  the  ollowing 
mechanisms is the most likely to cause injury leading to 
litigation  ollowing monitored anesthetic care (MAC)?

 (A) respiratory event
 (B) inadequate oxygenation or ventilation
 (C) cardiovascular event
 (D) equipment  ailure o  mal unction
 (E) cautery  ires

Monitored anesthetic care (MAC) is not necessarily 
simple and sa e, as may be believed by some. In analyz-
ing the ASA closed-claims database, patients receiving 
MAC tended to be older and more ill than those 
receiving general anesthesia. While regional anesthetic 
cases were obviously di erent mechanistically, MAC 
and GA shared many commonalities ( able 26-1): the 
proportion o  claims related to respiratory (24% vs. 
22%) and cardiovascular (14% vs. 17%) events were 
similar. However, there was a  ar higher proportion o  
cases caused by inadequate oxygenation or ventilation 
(18% vs. 2%). T is probably re ects the lack o  airway 
control and the high proportion (50%) o  head and 
neck cases where the anesthesiologist had restricted 
access to the airway. 
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Re : Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012.

 50. According to the American Society o  Anesthesiologists 
Practice Guidelines  or Sedation and Analgesia by Non-
Anesthesiologists, which o  the  ollowing is  RUE 
regarding moderate sedation? 

 (A)  he  asting time  or a meal o  tea and toast is  
4 hours.

 (B) A designated individual may engage both in 
monitoring o  the patient and assisting the 
practitioner per orming the procedure.

 (C) Propo ol is associated with an increased  
incidence o  adverse outcomes compared to 
midazolam.

 (D) Patients receiving moderate sedation  or brie  
procedures may bypass the recovery room and 
proceed straight to discharge.

 (E) Fixed combinations o  sedatives and analgesics 
provide good patient satis action while reducing 
risks  or adverse events.

T e 2002 ASA practice guidelines  or sedation and anal-
gesia by non-anesthesiologists were designed to assist in 
decision making o  non-anesthesiologist practitioners 
engaged in sedation  or a diagnostic/therapeutic proce-
dures. T ese include procedures per ormed in  reestand-
ing clinics, physician of ces, dental of ces, and so on, as 
well as in a hospital environment. 
 T e  asting guidelines  or moderate or deep seda-
tion are exactly the same as  or other anesthetic types. 
T ere ore, a light meal would require a 6-hour  ast.
 During deep sedation, the guidelines recommend 
that the individual monitoring the patient should have 
no other responsibilities. For moderate sedation, the 
guidelines allow that the individual monitoring the 
patient may assist the practitioner with brie  ancillary 
tasks, providing these tasks are interruptible. T e prac-
titioner should not monitor the patient by his/hersel  
without assistance. 
 While the consultants involved in creating the 
guidelines agree that both propo ol and methohexital 
can result in rapid, pro ound decreases in levels o  con-
sciousness and apnea, there are no data supporting a 
superior sa ety pro le o  midazolam over propo ol in 
this setting.
 All patients receiving moderate or deep sedation 
should be observed in an appropriately sta ed and 
equipped area until they are near their baseline level o  
consciousness and are stable  rom a cardiorespiratory 
perspective. 
 Sa e sedation practice is based on titration o  seda-
tive and/or analgesic medications to each individual’s 
needs, rather than administration o  predetermined 
 xed combinations o  drugs (e.g.,  entanyl and mid-
azolam mixed in the same syringe). 

Re : Gross JB, Bailey PL, Connis R , et al. Practice guide-
lines  or sedation and analgesia by non-anesthesiologists. 
Anesthesiology 2002;96:1004–1017. 

TABLE 26-1. Mechanisms o  injury in the American 
society o  anesthesiologist closed claims study in dif erent 
anesthetic techniques.

MAC (n =  
121), n (%)

GA (n =  
1519), n (%)

RA (n =  
312), n (%)

Respiratory event  29 (24%)  337 (22%)  11 (4%)
Inadequate oxygenation  

or ventilation
22 (18%)  33 (2%)  5 (2%)

Cardiovascular event  17 (14%)  253 (17%)  23 (7%)
Equipment failure or  

malfunction
25 (21%)  199 (13%)  8 (3%)

Cautery fires  20 (17%)  10 (1%)  1 (0%)
Related to regional block  2 (2%)  7 (0%)  168 (54%)
Inadequate anesthesia/

patient movement
13 (11%)  42 (3%)  7 (2%)

Medication related  11 (9%)  95 (6%)  11 (4%)
Other events  24 (20%)  586 (39%)  84 (27%)

GA, general anesthesia; MAC, monitored anesthesia care; RA, regional 
anesthesia. (Reprinted from Longnecker DE, Brown DL, Newman MF, Zapol 
WM: Anesthesiology, 2nd Ed. New York, NY: McGraw Hill; 2012. After Bhananker 
SM, Posner KL, Cheney FW, et al. Injury and liability associated with monitored 
anesthesia care: a closed claims analysis. Anesthesiology. 2006;104:228–234.)
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 CHAPTER 27

Regional Anesthesia

 1. Midazolam is a use ul premedication  or regional anes-
thetic procedures because it:

 (A) decreases the incidence o  hallucinations
 (B) elevates the seizure threshold
 (C) produces a retrograde amnestic e  ect
 (D) does not interact with anticholinergics
 (E) is synergistic with opioids  or respiratory  

depression

 2. Which o  the  ollowing pairs o  spinal levels best iden-
ti es where the spinal cord terminates in adults and 
in ants, respectively? 

 (A) L1 in adults, S1 in in ants
 (B) L1 in adults, S3 in in ants
 (C) L1 in adults L3 in in ants
 (D) L3 in adults, S1 in in ants
 (E) L3 in adults, S3 in in ants

 3. An epidural is being placed  or labor analgesia. Which 
o  the  ollowing monitors should be used during the 
administration o  the epidural?

 (A)  etal heart rate monitor
 (B) tocograph
 (C) temperature
 (D) electrocardiogram
 (E) impedance pneumography  or respiratory rate

 4. Which o  the  ollowing is the BES  indication  or tho-
racic epidural analgesia?

 (A) hemorrhoidectomy
 (B) total knee arthroplasty
 (C) midline laparotomy
 (D) axillary node dissection
 (E) hip arthroscopy

 5. Which o  the  ollowing is an absolute contraindication 
to spinal anesthesia?

 (A) severe kyphoscoliosis
 (B) chronic backache
 (C) aortic stenosis
 (D) INR o  1.4
 (E) increased intracranial pressure

 6. A 3-month-old, 6-kg in ant is undergoing a caudal 
block  or analgesia  ollowing inguinal hernia surgery. 
T e MOS  appropriate medication to administer in 
the caudal space is:

 (A) 1 mL 0.25% ropivacaine with epinephrine
 (B) 3 mL 0.25% ropivacaine with epinephrine
 (C) 3 mL 0.5% ropivacaine with epinephrine
 (D) 6 mL 0.25% ropivacaine with epinephrine
 (E) 6 mL 0.5% ropivacaine with epinephrine

 7. Which o  the  ollowing statements regarding spinal 
anesthesia is  RUE?

 (A)  he largest nerve roots in the cauda equina are 
blocked more pro oundly than smaller nerve 
roots.

 (B) When per orming lumbar spinal anesthesia, local 
anesthetics are not taken up by the spinal cord.

 (C) B- ibers are blocked  irst and remain blocked the 
longest.

 (D) 5% to 10% o  elimination o  local anesthetics 
occurs via intrathecal metabolism.

 (E) Absorption o  local anesthetic occurs primarily 
by vessels in the dura layer.
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 8. Local anesthetic placed in the epidural space must cross 
the dura in order to reach the nerve  bers. T is is 
achieved by:

 (A) venous trans er across the dura
 (B) di  usion across the dura at the nerve root
 (C) trans er across arachnoid granulations
 (D) bulk trans er through intervertebral  oraminae
 (E) dissociation into the  ree base

 9. In per orming a combined spinal-epidural via the mid-
line approach, the correct order o  structures that one 
or more needles passes through is:

 (A) supraspinous ligament, ligamentum  lavum, 
dura mater, arachnoid mater

 (B) interspinous ligament, anterior longitudinal  
ligament, ligamentum  lavum, dura mater

 (C) interspinous ligament, supraspinous ligament, 
ligamentum  lavum, arachnoid mater

 (D) supraspinous ligament, ligamentum  lavum,  
posterior longitudinal ligament, pia mater

 (E) interspinous ligament, ligamentum  lavum, dura 
mater, pia mater

 10. Which o  the  ollowing  actors is MOS  likely to in u-
ence intrathecal spread o  local anesthetics and block 
height?

 (A) baricity o  the local anesthetic
 (B) patient height
 (C) age
 (D) gender
 (E) obesity

 11. A patient is to undergo a procedure on the perineum. 
Which combination o  position  or the spinal anes-
thetic and local anesthetic baricity would best achieve 
an adequate spinal block  or the proposed procedure?

 (A) hypobaric bupivacaine in the sitting position
 (B) hypobaric bupivacaine in the lateral position
 (C) isobaric bupivacaine in the lateral position
 (D) hyperbaric bupivacaine in the jackkni e position
 (E) hyperbaric bupivacaine in the sitting position

 12. Which o  the  ollowing is the most common sign/
symptom o  local anesthetic systemic toxicity (LAS )?

 (A) agitation
 (B) perioral numbness
 (C) dizziness
 (D) loss o  consciousness
 (E) seizure

 13. You are placing an epidural in a 70-kg woman  or 
saphenous vein stripping. Loss o  resistance to saline is 
achieved at the L4-5 interspace and a catheter is passed 
easily; 15 mL o  0.5% bupivacaine is administered 
through the catheter. Approximately 90 seconds later, 
the patient complains o  dizziness. Her blood pressure, 
which was 130/80 mm Hg at baseline, is now 
85/45 mm Hg and the heart rate has dropped to 
52 beats/min. Several moments later, she begins to 
seize. T e BES  medication to administer  rst is: 

 (A) phenytoin 100 mg IV
 (B) epinephrine 100 mcg IV
 (C) vasopressin 40 U IV
 (D) lipid emulsion 20% 100 mL IV
 (E) propo ol 20 mL IV

 14. An epidural catheter is placed in a healthy young man 
 or knee arthroscopy, and a 3-mL test dose o  1.5% 
lidocaine with 15 mcg o  epinephrine is administered. 
Which o  the  ollowing is NO  a criterion  or a posi-
tive test dose?

 (A) an increase in heart rate o  20 beats/min or greater
 (B) an increase in systolic blood pressure o   

15 mm Hg or greater
 (C) a decrease in  -wave amplitude o  25% or greater
 (D) an inability to dorsi lex the ankle
 (E) more than three premature ventricular  

contractions in 1 minute
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 15. A patient reports having back pain a ter an unevent ul 
spinal anesthetic. Which o  the  ollowing  eatures is 
MOS  consistent with a diagnosis o  transient neuro-
logic symptoms ( NS)?

 (A) paresthesia or numbness in a lumbar radicular 
distribution

 (B) surgery in the prone position
 (C) obesity
 (D) ropivacaine 0.75% as the spinal drug
 (E) pain immediately a ter resolution o  the spinal 

block

 16. Administering epidural morphine during cesarean 
delivery has been shown to increase the risk o :

 (A) herpes simplex virus type 1 reactivation
 (B) herpes simplex virus type 2 reactivation
 (C) hepatitis B virus reactivation
 (D) hepatitis C virus reactivation
 (E) group B streptococcal in ection

 17. Which o  the  ollowing is a risk  actor  or the devel-
opment o  a spinal hematoma  ollowing neuraxial 
anesthesia?

 (A) male sex
 (B) younger age
 (C) spinal (compared with epidural) technique
 (D) spinal stenosis
 (E) diabetes mellitus

 18. According to the American Society o  Regional Anes-
thesia and Pain Medicine (ASRA) Evidence-Based 
Guidelines on regional anesthesia in patients receiving 
antithrombotic/thrombolytic therapy, which o  the  ol-
lowing situations represents a contraindication to neur-
axial anesthesia?

 (A) placing an epidural  or a vascular surgical proce-
dure 90 minutes prior to anticipated intravenous 
administration o  5,000 units o  heparin

 (B) conducting a spinal anesthetic 11 hours a ter the 
last dose o  enoxaparin used  or thrombopro-
phylaxis

 (C) per orming a combined spinal-epidural on a 
patient taking war arin with an INR o  1.4

 (D) placing an epidural catheter in a patient  
receiving 5,000 units o  heparin subcutaneously 
twice daily

 (E) administering a single-shot spinal in a patient 
who stopped their clopidogrel 5 days ago
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Answers and Explanations: 
Regional Anesthesia

 1. Midazolam is a use ul premedication  or regional anes-
thetic procedures because it:

 (A) decreases the incidence o  hallucinations
 (B) elevates the seizure threshold
 (C) produces a retrograde amnestic e  ect
 (D) does not interact with anticholinergics
 (E) is synergistic with opioids  or respiratory  

depression

T e benzodiazepine midazolam is a very common anx-
iolytic administered prior to regional anesthetic proce-
dures. In addition to being short-acting (hal -li e o  
2 hours) and providing a titratable level o  sedation, 
midazolam produces a dose-dependent anterograde 
amnesia that can be help ul in eliminating recall dur-
ing the procedure. However, one o  the principal 
advantages o  midazolam is that it is a potent anticon-
vulsant, raising the seizure threshold and increasing 
the plasma concentration o  local anesthetic required 
to cause seizures. T is is likely to be most valuable in 
preventing signs and symptoms o  mild CNS toxicity. 
Some have suggested that its use can in  act mask the 
early premonitory signs o  severe toxicity. T is has not 
been evaluated rigorously, and most regional anesthesi-
ologists use midazolam  or all o  the reasons cited 
above, including alteration o  seizure thresholds.

Ref: Hadzic A. Hadzic’s Peripheral Nerve Blocks and Anatomy 
for Ultrasound Guided Regional Anesthesia, 2nd ed.  
New York, NY: McGraw Hill; 2012. 

 2. Which o  the  ollowing pairs o  spinal levels best iden-
ti es where the spinal cord terminates in adults and 
in ants, respectively? 

 (A) L1 in adults, S1 in in ants
 (B) L1 in adults, S3 in in ants
 (C) L1 in adults L3 in infants

 (D) L3 in adults, S1 in in ants
 (E) L3 in adults, S3 in in ants

T e spinal cord normally extends  rom the  oramen 
magnum to the level o  L1 in adults and L3 in in ants 
and children (Figure 27-1). T e dural sac continues  or 
several more levels so that it ends at S1 in adults and S3 
in children (these are convenient numbers to remember: 
L1, L3; S1, S3). Based on this anatomical knowledge, it 
would be reasonable to suggest that a spinal needle 
could be sa ely placed below the L1 level without  ear o  
contacting the conus medullaris o  the spinal cord.

Adult cord

Dura-a rachnoid

Extradura l space

Sacra l hia tusC1

S2

L1

Infant
cord

Filum te rmina le

Subarachnoid
space

Child
cord

FIG. 27-1. Sagittal view through the lumbar vertebrae and 
sacrum. Note the end of the spinal cord rises with development 
from approximately L3 to L1. The dural sac normally ends at S2. 
(Reproduced with permission from Butterworth JF IV, Mackey DC, 
Wasnick JD. Morgan & Mikhail’s Clinical Anesthesiology, 5th ed. 
New York, NY: McGraw Hill; 2013.)
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 T ere are two problems with this simplistic think-
ing. First, there is some natural variation among indi-
viduals in where the cord ends, and it is possible that 
the conus extends to the L2 level. More importantly, 
anesthesiologists are notoriously poor at determining 
which level is the correct level using palpation. T e tra-
ditional teaching is that a line connecting the iliac 
crests ( u er’s line) crosses the midline at L4, or 
according to some sources, the L3/4 interspace. Stud-
ies have shown that palpation is more likely than not 
to result in misidenti cation o  the spinal level, some-
times by as many as two levels. In misjudging the level, 
there is a tendency to believe the space identi ed is 
lower than it really is. In addition,  u er’s line does 
intersect L4 radiologically, but o  course patients have 
so t tissue that overlies the iliac crests. By using sur ace 
landmarks,  u er’s line crosses the L2/3 interspace in 
30% to 50% o  cases, which explains why we are typi-
cally of  by one to two spaces.
 T ere continue to be reports o  cord damage with 
spinal needles, which is a preventable complication. 
Knowing the limitations o  the physical exam and 
deliberately choosing as low a space as possible are 
good  rst steps to improving patient sa ety with spinal 
anesthesia. T e use o  ultrasound to identi y the spinal 
level precisely has been shown to be simple, easy to 
teach, and reliable.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 3. An epidural is being placed  or labor analgesia. Which 
o  the  ollowing monitors should be used during the 
administration o  the epidural?

 (A)  etal heart rate monitor
 (B) tocograph
 (C) temperature
 (D) electrocardiogram
 (E) impedance pneumography  or respiratory rate

T e range o  monitors that should be used during the 
conduction o  regional anesthesia includes many o  the 
same monitors used  or general anesthesia. Oxygen-
ation should be quanti ed using pulse oximetry. T e 
circulation should be monitored by measuring blood 
pressure (either noninvasively or via an arterial line) 
and an electrocardiogram (EKG). T ese three moni-
tors are essential  or identi ying complications  rom 

regional anesthesia as early as possible, especially high 
or total spinal, and local anesthetic systemic toxicity. 
T e delivery o  a signi cant amount (> 2–3 mL) o  
local anesthetics should never take place without these 
three monitors being in place.
 T e ASA guideline on monitoring re erences moni-
toring o  ventilation, which should also be done, i  
only in a qualitative manner by observing the patient’s 
respiration, speaking with the patient throughout  
the procedure, and watching  or condensation on the 
inside o  the oxygen  ace mask. Capnography is a nice 
monitor to have, and is easily done when regional 
anesthesia is per ormed in the operating room, but is 
not mandatory. Impedance pneumography, in which 
respiratory rate is in erred  rom the changes in imped-
ance via the EKG leads, is also not compulsory.  em-
perature should be monitored whenever clinically sig-
ni cant changes in temperature are anticipated or 
suspected; this is typically not the case  or the duration 
o  time it takes to place an epidural, but may be indi-
cated during the subsequent surgical procedure.
 Fetal heart rate monitoring and tocography (moni-
toring o  uterine tone) are not required monitors dur-
ing the per ormance o  epidural labor analgesia, but 
can be help ul i  it can be done  rom a practical point 
o  view.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 4. Which o  the  ollowing is the BES  indication  or tho-
racic epidural analgesia?

 (A) hemorrhoidectomy
 (B) total knee arthroplasty
 (C) midline laparotomy
 (D) axillary node dissection
 (E) hip arthroscopy

In order  or epidural analgesia to be maximally ef ective, 
the blocked area must match the spinal level corre-
sponding to the surgical or pain ul stimulus. For exam-
ple, a midline laparotomy is likely to extend  rom  7 to 
 12 (Figure 27-2). T e sa est and most e cient 
approach ( rom the point o  view o  volume o  local 
anesthetic used) is to insert the needle somewhere within 
that  7- 12 range. Local anesthetic can be expected to 
spread cranially and caudally  rom the catheter tip, with 
1 to 2 mL o  injectate covering approximately one spinal 
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FIG. 27-2. Dermatomes and corresponding peripheral nerves: front. (Reproduced with permission 
from Hadzic A. Hadzic’s Peripheral Nerve Blocks and Anatomy for Ultrasound Guided Regional Anesthesia, 
2nd ed. New York, NY: McGraw Hill; 2012.)
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level. Spread within the thoracic epidural space tends to 
travel pre erentially toward the mid-thoracic region; a 
bolus via a high thoracic (C7- 2) epidural catheter will 
tend to spread more caudally than cranially, whereas a 
bolus via a low thoracic ( 7-L1) epidural catheter will 
tend to spread more cranially than caudally. Injection 
in the mid-thoracic region will spread equally in both 
directions. In our example, we wish to cover  7- 12, 
so a low thoracic epidural catheter is indicated. Since 
we can expect a greater degree o  cranial than caudal 
spread in this region, an insertion point in the lower 
end o  that range ( 10- 11) would best cover all the 
dermatomes.
 Some anesthesiologists advocate placing a lumbar 
catheter  or abdominal indications and administering 
a large (> 20 mL) bolus in order to cover the low tho-
racic dermatomes. T is may be done due to  amiliar-
ity with lumbar epidural techniques, or as a result o  
perceived risk o  spinal cord injury with thoracic epi-
dural analgesia. T e problem with this approach is 
that the initial bolus may well work (although it o ten 
takes a large volume o  local anesthetic), but when the 
continuous in usion is initiated and the extensive 
block wears of , the background rate is usually insu -
 cient to reach the abdominal ( 6-L1) dermatomes. 
T e result is the worst o  both worlds: the patient has 
an excellent blockade o  their lower limbs, is con ned 
to bed, has an indwelling urinary catheter due to 
blockade o  the sacral autonomic  bers, and has little 
coverage o  their incision. A thoracic epidural that is 
thought ully placed allows  or leg movement and in 
many cases ambulation (because the lumbar roots are 
not extensively blocked), avoids the need  or a urinary 
catheter, and provides high-quality analgesia with  ew 
side ef ects.
 Axillary node dissection is a procedure that requires 
low cervical and very high thoracic blockade (C5-8 
and  1-2). T is can be accomplished through a com-
bination o  brachial plexus block and thoracic paraver-
tebral block at the  2 level.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012. 

 5. Which o  the  ollowing is an absolute contraindication 
to spinal anesthesia?

 (A) severe kyphoscoliosis
 (B) chronic backache
 (C) aortic stenosis

 (D) INR o  1.4
 (E) increased intracranial pressure

T ere are relatively  ew absolute contraindications to 
neuraxial anesthesia. T ese include patient re usal and 
an inability to remain still during the spinal or epidural 
procedure. Raised intracranial pressure is considered 
by many experts to be an absolute contraindication, 
since creating a hole in the dura and arachnoid mem-
brane (either deliberately or accidentally) may result in 
brainstem herniation i  a su cient volume o  cerebro-
spinal  uid leaks out o  the intrathecal space. 
 Relative contraindications to spinal or epidural anes-
thesia must be weighed against the potential bene ts o  
the neuraxial technique (or, in some cases, the bene ts 
o  avoiding general anesthesia and the attendant risks o  
airway manipulation, etc.). Severe hypotension and/or 
hypovolemia may be di cult to treat i  the patient is not 
adequately resuscitated with  uids and/or pressor agents 
be ore or during the block; local in ection overlying the 
puncture site or sepsis may increase the risk o  meningi-
tis with neuraxial instrumentation; altered hemostasis, 
either intrinsic or through the use o  anticoagulant or 
antiplatelet medications, is another relative contraindi-
cation. T e American Society o  Regional Anesthesia 
and Pain Medicine (ASRA) has published a consensus 
guideline aimed at providing decision support to clini-
cians who are considering neuraxial anesthesia in 
patients with altered hemostasis. For example, in 
patients who are taking Coumadin, the guideline states 
that an INR < 1.5 should be a sa e threshold  or placing 
a spinal or epidural, or  or removing an epidural cathe-
ter. It is important to recognize that these are expert 
opinion guidelines, and their use is designed to be an aid 
to clinical judgment. Many anesthesiologists routinely 
administer spinal anesthesia in patients who have an 
INR > 1.4 i , a ter per orming a risk-bene t analysis, it 
is thought that the reason to place a spinal or epidural is 
strong enough. For example, in the patient with a  rac-
tured hip who has an INR o  1.6 and severe cardiopul-
monary disease, the risk o  spinal hematoma may be 
estimated to be  ar less than an adverse event related to 
general anesthesia with tracheal intubation. 
 Aortic stenosis is a consideration with neuraxial 
anesthesia, as a rapid reduction in a terload and pre-
load (and the re exive tachycardia) can precipitate li e-
threatening hypotension due to a  xed stroke volume. 
T is can be overcome by using gradually titrated 
techniques such as epidural anesthesia or continuous 
spinal anesthesia. T ese patients also bene t  rom 
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establishing invasive monitoring o  arterial pressure 
be orehand and judicious use o   uid and pressor ther-
apy during and a ter the block.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 6. A 3-month-old, 6-kg in ant is undergoing a caudal 
block  or analgesia  ollowing inguinal hernia surgery. 
T e MOS  appropriate medication to administer in 
the caudal space is:

 (A) 1 mL 0.25% ropivacaine with epinephrine
 (B) 3 mL 0.25% ropivacaine with epinephrine
 (C) 3 mL 0.5% ropivacaine with epinephrine
 (D) 6 mL 0.25% ropivacaine with epinephrine
 (E) 6 mL 0.5% ropivacaine with epinephrine

Caudal analgesia is  requently used  or children in 
combination with general anesthesia. T e single-shot 
technique involves passing an intravenous catheter 
over-needle through the sacrococcygeal ligament, 
which is a “roo ” over the sacral hiatus that is created 
by the un used S4 and S5 laminae. Once the needle is 
passed through, the cannula is slipped of  and advanced 
into the caudal space, which is the caudad terminus o  
the epidural space. T e dural sac ends at S3 in chil-
dren, so there is usually little danger o  puncturing the 
dura and accessing the subarachnoid space, but this 
can happen, and care must be taken not to advance the 
sharp needle too  ar in the space.
 Once the cannula is in place and negative aspiration 
rules out intravascular placement, an injection o  local 
anesthetic takes place. A reliable and well-validated 
recipe  or volume in children is that high sacral block-
ade can be achieved with 0.5 mL/kg o  local anesthetic, 
and high lumbar with 1.0 mL/kg. Higher volumes 
may be administered to achieve thoracic analgesia, but 
this increases the risk o  toxicity, and consideration to 
choosing an alternate technique such as a high lumbar 
or low thoracic epidural is warranted.
 Since the goal with pediatric caudal techniques is 
almost always analgesia and not surgical anesthesia, a 
low concentration o  local anesthetic is indicated, such 
as 0.25% ropivacaine. Epinephrine is a use ul sa ety 
adjuvant, since the caudal space is quite vascular, and 
epinephrine will truncate the peak plasma levels o  
local anesthetic.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 7. Which o  the  ollowing statements regarding spinal 
anesthesia is  RUE?

 (A)  he largest nerve roots in the cauda equina are 
blocked more pro oundly than smaller nerve 
roots.

 (B) When per orming lumbar spinal anesthesia, local 
anesthetics are not taken up by the spinal cord.

 (C) B-fibers are blocked first and remain blocked 
the longest.

 (D) 5% to 10% o  elimination o  local anesthetics 
occurs via intrathecal metabolism.

 (E) Absorption o  local anesthetic occurs primarily 
by vessels in the dura layer.

Spinal nerve roots in the cauda equina lack the protec-
tive covering o  dura and arachnoid, and are there ore 
very susceptible to the ef ects o  local anesthetics. Uptake 
o  local anesthetic is dependent on the sur ace area. T e 
smallest nerve roots have the largest relative sur ace area 
and are more extensively and rapidly penetrated by the 
drug. T e spinal cord also absorbs some local anesthetic, 
especially since these lipid soluble drugs are taken up 
easily by highly myelinated nerves. However, only the 
most super cial portions o  the cord are af ected, and 
the clinical signi cance is likely minimal.
 Dif erent  ber types have dif erent susceptibilities 
to local anesthetics. Preganglionic sympathetic 
B- bers are most sensitive,  ollowed by C- bers (sen-
sation to cold, post-ganglionic sympathetic), A-delta 
 bers (pin-prick), A-beta  bers (touch), and lastly 
A-alpha (motor)  bers. Since deposition o  local anes-
thetic in the lumbar intrathecal space creates a con-
centration gradient  rom high to low as we proceed 
cranially, it is easy to imagine that a point will be 
reached where the motor  bers return. Several spinal 
levels above that, sensation to touch returns. Finally, 
there is a zone o  one to three spinal levels where only 
the sympathetic  bers are blocked, which is indicated 
by vasodilation and color change  rom the normal 
area above it. T is is termed “dif erential nerve block-
ade” (Figure 27-3). It is challenging to detect the 
break point where the motor  bers return to  unction, 
since it is usually on the abdomen and not a limb. T e 
easiest break point to detect is between the zone where 
both sensory and sympathetic  bers are blocked (no 
sensation to pin prick) and the zone where only sym-
pathetic  bers are blocked (sensation to pin prick but 
not cold).
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 Elimination o  local anesthetics during spinal block 
occurs entirely by vascular absorption. No local metab-
olism occurs in the subarachnoid space. All o  the local 
anesthetic is taken up by blood vessels, primarily those 

lying in the pia layer o  the meninges. Some local anes-
thetic also dif uses across the dura to the epidural 
space, where it is rapidly taken up by large epidural 
vessels.

Ref: Cousins MJ, Carr DB, Horlocker   , Bridenbaugh PO. 
Cousins & Bridenbaugh’s Neural Blockade in Clinical  
Anesthesia and Pain Medicine, 4th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2009.

 8. Local anesthetic placed in the epidural space must cross 
the dura in order to reach the nerve  bers. T is is 
achieved by:

 (A) venous trans er across the dura
 (B) diffusion across the dura at the nerve root
 (C) trans er across arachnoid granulations
 (D) bulk trans er through intervertebral  oraminae
 (E) dissociation into the  ree base

T e dura is a tough, acellular connective tissue sack 
that extends  rom the skull to the spinal canal in the 
sacrum. Dura is made up o  both collagen and elastin, 
separated by cle ts o  ground substance that improve 
its permeability. T e dura is variably thick among indi-
viduals and between spinal levels in the same individ-
ual, but is typically thickest in the midline.
 Local anesthetic is thought to leave the epidural 
space and cross the dura laterally at the nerve root 
rather than at the midline.  wo  actors are likely 
responsible  or this location being the site o  action. 
First, the dura is thinnest at the nerve root be ore the 
nerve exits the intervertebral  oramen, and resistance 
to passive dif usion is less than in other locations. 
More importantly, the roots are close to the dura, and 
the volume o  CSF surrounding them is minimal, 
resulting in less dilution o  the local anesthetic as it 
passes across the dural layer.
 T e  act that epidural local anesthetics exert their 
action at the nerve roots con ers one o  its prime 
advantages: a segmental block can be achieved by 
blocking selective spinal levels, while allowing  or 
intact  unction o  the spinal cord. For example, the 
entire abdomen or thoracic wall can be pro oundly 
blocked with a thoracic epidural while leaving the 
lower limbs spared in order to ambulate.

Ref: Cousins MJ, Carr DB, Horlocker   , Bridenbaugh PO. 
Cousins & Bridenbaugh’s Neural Blockade in Clinical  
Anesthesia and Pain Medicine, 4th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2009.

FIG. 27-3. Differential nerve blockade during spinal anesthesia. 
Note that since the concentration of local anesthetic is most 
dense at the site of insertion (lumbar spine), the patient will 
exhibit a motor (M), sensory (Sen), and sympathetic (Sym) in the 
lower limbs, pelvis, and lower abdomen. At a certain level, the 
function of the resistant motor fibers will return, leaving a zone of 
sensory and sympathetic block. Above this will be a zone of just 
sympathetic block, where the patient will report feeling pinprick 
or soft touch sensation, but will not react to cold. Normal neural 
function returns several dermatomal levels cranial to this.
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 9. In per orming a combined spinal-epidural via the mid-
line approach, the correct order o  structures that one 
or more needles passes through is:

 (A) supraspinous ligament, ligamentum flavum, 
dura mater, arachnoid mater

 (B) interspinous ligament, anterior longitudinal  
ligament, ligamentum  lavum, dura mater

 (C) interspinous ligament, supraspinous ligament, 
ligamentum  lavum, arachnoid mater

 (D) supraspinous ligament, ligamentum  lavum,  
posterior longitudinal ligament, pia mater

 (E) interspinous ligament, ligamentum  lavum, dura 
mater, pia mater

T e correct order o  structures passed through  rom 
skin to subarachnoid space is (Figure 27-4):
• skin
• subcutaneous  at
• supraspinous ligament
• interspinous ligament
• ligamentum  lavum
• epidural space
• dura mater
• arachnoid mater (usually not appreciable as a sepa-

rate layer  rom dura)

 T e anterior and posterior longitudinal ligaments 
run along the anterior and posterior aspects o  the ver-
tebral body and are thus substantially deeper than a 
needle should travel. T e pia mater surrounds the spi-
nal cord and each individual nerve root in the cauda 
equina.  raversing the pia mater is not a goal, and ele-
vates the risk o  neural injury.
 During the paramedian approach, the paraspinal 
muscles are substituted  or the supraspinous and inter-
spinous ligaments. T e  rst ligament encountered in 
this approach is the ligamentum  avum.

Refs: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013.

 10. Which o  the  ollowing  actors is MOS  likely to in u-
ence intrathecal spread o  local anesthetics and block 
height?

 (A) baricity of the local anesthetic
 (B) patient height
 (C) age
 (D) gender
 (E) obesity

T e two principal  actors that in uence the cranial 
spread o  local anesthetic in the intrathecal space are 

Cauda  equina

Dura

Midline
approach

Dura
Epidura l space

Epidura l space

Ligamentum flavum

Ligamentum flavum

Tuohy needle

Supraspinous  ligament
Intra spinous  ligament

FIG. 27-4. Lumbar epidural anesthesia; midline approach. (Reproduced with permission from Butterworth JF IV, Mackey DC, 
Wasnick JD. Morgan and Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: McGraw Hill; 2013.)
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(1) dose and (2) baricity and position. Importantly, 
dose should be thought o  as the mass in mg, not in 
volume or concentration. It is possible to vary both 
volume and concentration to arrive at the same milli-
gram dose and obtain the same ef ect. T ere ore, it 
makes much more sense to speak about spinal dosing 
in the  ollowing way: “I usually use 12.5 mg o  bupiva-
caine  or my total knee patients,” or “the ED95  or 
bupivacaine in cesarean delivery is 13 mg,” etc. Don’t 
 all into a trap o  talking in terms o  milliliters.
 Baricity and position are the other big  actor. For 
example, a hyperbaric solution, or one that has a higher 
speci c gravity than CSF, will tend to sink to the  oor. 
I  a patient is positioned in  rendelenburg (head down), 
the block height will be higher than i  they were slightly 
head up. A hypobaric solution would produce the 
opposite results. Isobaric solutions tend to stay in the 
same place no matter what you do with the position.
 Other  actors that increase the height o  the block 
are a reduced volume o  CSF and “aiming” the local 
anesthetic cranially using a directional needle such as a 
Whitacre or Sprotte. Factors shown to have an ef ect in 
some but not all studies include age, weight, extremes 
o  height, and temperature o  the solution: solutions 
straight out o  a re rigerator will tend to act as hyper-
baric ones; body temperature solutions tend to be 
slightly hypobaric. 
 Other proposed  actors have been shown to have no 
ef ect. T ese include barbotage (the act o  repeatedly 
withdrawing CSF into the syringe during injection to 
admix with the local anesthetic and increase the vol-
ume), gender, and, as mentioned above, the volume or 
concentration o  the local anesthetic (providing dose 
in milligrams remains the same).

Ref: Cousins MJ, Carr DB, Horlocker   , Bridenbaugh PO. 
Cousins & Bridenbaugh’s Neural Blockade in Clinical  
Anesthesia and Pain Medicine, 4th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2009.

 11. A patient is to undergo a procedure on the perineum. 
Which combination o  position  or the spinal anes-
thetic and local anesthetic baricity would best 
achieve an adequate spinal block  or the proposed 
procedure?

 (A) hypobaric bupivacaine in the sitting position
 (B) hypobaric bupivacaine in the lateral position
 (C) isobaric bupivacaine in the lateral position
 (D) hyperbaric bupivacaine in the jackkni e position
 (E) hyperbaric bupivacaine in the sitting position

T e baricity o  a local anesthetic solution re ers to its 
speci c gravity in relation to CSF. Most local anes-
thetics reconstituted in normal saline are isobaric, 
and do not appreciably sink or  oat when adminis-
tered into the subarachnoid space. T e addition o  a 
small amount o  dextrose will render these solutions 
hyperbaric, so that they sink to the most dependent 
areas a ter injection. In contrast, adding sterile water 
to an isobaric solution will create a hypobaric solu-
tion that rises to nondependent areas o  the thecal 
sac.
 Clearly, any discussion o  baricity should also 
involve patient position. T e manipulation o  the bar-
icity o  solutions and the deliberate positioning o  
patients during and immediately a ter the spinal anes-
thetic can be very use ul in achieving speci c clinical 
ef ects. For example, ambulatory hemorrhoidal sur-
gery involves only the sacral nerve roots. Rather than 
administer a large dose o  isobaric solution, which 
would provide a mid- to high lumbar block that  ar 
outlasts the duration o  the procedure, a relatively 
small (e.g., 5 mg) dose o  hyperbaric bupivacaine can 
be administered at the lumbar level and the patient 
instructed to sit  or 10 minutes or so. T is allows the 
solution to “sink” down to the sacral roots, preserving 
the lower limb  unction and establishing what is called 
a “saddle block.” Local anesthetics do persist  or some 
time in the CSF and there ore can move a ter this 
time, but not to a clinically signi cant degree. A ter 
the 10-minute “soak time,” much o  the block has 
been established by absorption into the nerve roots 
and will not change even with repositioning.
 A related example is the use o  hypobaric solutions 
in the jackkni e position  or anorectal surgery. When 
placed in the lumbar spinal space, these local anesthet-
ics will “ oat” up and create a similar ef ect at the 
sacral roots. Care must be taken in the head-down 
jackkni e position to not mistakenly use hyperbaric 
solutions—this could cause progressive cranial spread 
and a high or total spinal. Unilateral spinal anesthesia 
is advocated by some by using either hyper- or hypo-
baric solutions with the patient on their side, such as in 
operative  xation o  a  ractured hip. T e purpose o  
doing this is to reduce the ef ect o  a bilateral sympa-
thectomy and minimize hypotension in what are o ten 
hemodynamically challenged patients.
 T e downside to attempting to achieve very precise 
results with hyper- or hypobaric solutions is two old. 
First, clinicians o ten (relatively) overdose the spinal, 
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using similar doses to what would be expected i  one 
were using isobaric  or standard lumbar spinal anes-
thesia. T is obviates any speci c anatomic or dura-
tion-related advantage. Second,  requently not enough 
time is spent in the sitting or lateral position, and 
moving the patient to supine or prone results in 
unwanted spread o  local anesthetic that is still 
unbound in the CSF.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 12. Which o  the  ollowing is the most common sign/
symptom o  local anesthetic systemic toxicity (LAS )?

 (A) agitation
 (B) perioral numbness
 (C) dizziness
 (D) loss o  consciousness
 (E) seizure

Local anesthetic systemic toxicity (LAS ) is a serious 
and potentially  atal complication o  the regional anes-
thesia. While the presentation o  LAS  is varied, the 
classic teaching has  or decades been that rising plasma 
levels o  local anesthetic produce a sequential series o  
signs and symptoms starting with a prodrome (dizzi-
ness, drowsiness, tinnitus, perioral numbness, con u-
sion, dysphoria, dysarthria),  ollowed by  rank signs o  
central nervous system excitatory activity (seizures), 
 ollowed by loss o  consciousness. I  plasma levels are 
su ciently high, cardiovascular toxicity  ollows, with 
either bradycardia or tachycardia, hypotension, QRS 
widening, ventricular ectopy, S  segment changes, 
and lethal arrhythmias such as ventricular tachycardia 
or  brillation and asystole. 
 In reality, the presentation is much less straight or-
ward and sequential. While about 45% o  patient pres-
ent with CNS signs/symptoms alone, another 45% 
 rst present with both CNS and CVS symptoms and 
signs. T e remainder (about 10%) present with CVS 
toxicity alone. Among the reported signs and symp-
toms o  CNS toxicity, 18% had prodromal signs, while 
over two-thirds o  patients present with seizures. 
Among CVS signs, bradycardia (27%) and hypoten-
sion (18%) are the most common.

Ref: Di Gregorio G, Neal JM, Rosenquist RW, Weinberg 
GL. Clinical presentation o  local anesthetic systemic tox-
icity: a review o  published cases, 1979 to 2009. Reg 
Anesth Pain Med 2010; 35:181–187.

 13. You are placing an epidural in a 70-kg woman  or 
saphenous vein stripping. Loss o  resistance to saline is 
achieved at the L4-5 interspace and a catheter is passed 
easily; 15 mL o  0.5% bupivacaine is administered 
through the catheter. Approximately 90 seconds later, 
the patient complains o  dizziness. Her blood pressure, 
which was 130/80 mm Hg at baseline, is now 
85/45 mm Hg and the heart rate has dropped to 
52 beats/min. Several moments later, she begins to 
seize. T e BES  medication to administer  rst is: 

 (A) phenytoin 100 mg IV
 (B) epinephrine 100 mcg IV
 (C) vasopressin 40 U IV
 (D) lipid emulsion 20% 100 mL IV
 (E) propo ol 20 mL IV

T e dif erential diagnosis o  dizziness and hypotension 
a ter a neuraxial block should include high or total spi-
nal (and  or completeness, anaphylaxis and drug error), 
but a seizure pushes the diagnosis toward local anes-
thetic systemic toxicity (LAS ). Until proven other-
wise, this episode should be treated as such. 
 As with all crises in acute care medicine, the initial 
treatment algorithm should  ocus on the ABCs.  
Ventilate the patient with 100% oxygen and provide cir-
culatory support as per BLS and ACLS. Seizure suppres-
sion is important in order to reduce the hypermetabo-
lism and production o  carbon dioxide; hypercarbia will 
increase cerebral blood  ow and exacerbate the delivery 
o  toxic local anesthetic to the brain. Benzodiazepines 
are the drug o  choice, and as anesthesiologists, we typi-
cally have midazolam somewhere handy. Small doses o  
propo ol have been used as well  or seizure suppression, 
but care must be taken in the setting o  hypotension; 20 
mL o  propo ol is not a small dose in this context.
 While the initial steps o  the resuscitation are taking 
place, a team member should be preparing lipid emul-
sion. 20% lipid emulsion solution is superior to epi-
nephrine and vasopressin in achieving return o  sponta-
neous circulation and improving rate-pressure product 
in animal models o  bupivacaine-induced cardiac arrest. 
While the mechanism is not yet entirely clear, various 
theories o  how this simple drug works as an antidote to 
LAS  include its acting as a lipid phase in the plasma 
to “soak up” the lipid soluble local anesthetic; acting at 
the mitochondrial level to provide substrate  or respira-
tion; and most recently, acting as a shuttle to drive local 
anesthetic into skeletal muscle cells and away  rom neu-
rons and cardiac myocytes. Whatever the mechanism 

MCGH380-CH27_445-460.indd   456  19/09/16   3:16 PM



Answers: 12–15  457

o  action, it is clear that lipid emulsion works, and it 
should be stocked wherever local anesthetics are used in 
the hospital. For more in ormation about lipid emul-
sion and LAS , see www.lipidrescue.org. 
 T e recommended initial dose is 1.5 mL/kg o  lean 
body mass:  or most average-sized people, just give 
100 mL as a bolus. T is is not a situation where you 
need to be doing math in your head, so memorize 
100 mL as your starting number. An in usion can then 
be started at 0.25 mL/kg/min (or about 18 mL/min). 

Ref: http://www.lipidrescue.org. Accessed July 10, 2016

 14. An epidural catheter is placed in a healthy young man 
 or knee arthroscopy, and a 3-mL test dose o  1.5% 
lidocaine with 15 mcg o  epinephrine is administered. 
Which o  the  ollowing is NO  a criterion  or a posi-
tive test dose?

 (A) an increase in heart rate o  20 beats/min or greater
 (B) an increase in systolic blood pressure o   

15 mm Hg or greater
 (C) a decrease in  -wave amplitude o  25% or greater
 (D) an inability to dorsi lex the ankle
 (E) more than three premature ventricular  

contractions in 1 minute

It is well known that aspirating an epidural catheter 
may yield some  alse negative results—in other words, 
the initial aspiration may reveal no blood or CSF, but 
subsequent aspiration a ter time has passed shows that 
the catheter is located in the intravascular or intrathecal 
space. T e purpose and method o  the test dose during 
epidural anesthesia is two old. First, a local anesthetic 
(usually 3 mL o  1.5% lidocaine) is administered to 
rule out inadvertent intrathecal placement. T e total o  
45 mg o  lidocaine is su cient to cause a clinically 
appreciable (but not dangerously high) spinal block.
 T e addition o  15 mcg o  epinephrine is su cient to 
reliably warn o  an intravascular catheter placement 
through an increase in heart rate o  20 beats/min or 
greater, an increase in systolic blood pressure o  15 mm 
Hg or greater, and a decrease in  -wave amplitude o  
25% or greater. T is last criterion, while sensitive, is 
challenging  rom a practical point o  view to detect, 
especially on a wall-mounted monitor in a preoperative 
block area, or in a labor suite. Premature ventricular 
contractions, while associated with epinephrine-induced 
irritability o  the myocardium, are not a strict criterion.
 Note that the sensitivity o  the hemodynamic 
responses to epinephrine is con ounded by contrac-

tions during labor, as well as in the elderly who have a 
blunted response to catecholamines. 

Ref: Hadzic A. NYSORA  extbook of Regional Anesthesia and 
Acute Pain Medicine, 1st ed. New York, NY: McGraw 
Hill; 2007.

 15. A patient reports having back pain a ter an unevent ul 
spinal anesthetic. Which o  the  ollowing  eatures is 
MOS  consistent with a diagnosis o  transient neuro-
logic symptoms ( NS)?

 (A) paresthesia or numbness in a lumbar radicular 
distribution

 (B) surgery in the prone position
 (C) obesity
 (D) ropivacaine 0.75% as the spinal drug
 (E) pain immediately a ter resolution o  the spinal 

block

 ransient neurologic symptoms ( NS) is the name o  a 
speci c pain syndrome described in patients that have 
received a spinal anesthetic. It is characterized by tran-
sient, sel -limiting lower back and lower limb pain that 
varies in intensity  rom barely noticeable to moderately 
or severely intense. Its etiology is not entirely clear; pre-
dominant theories include muscular or ligamentous 
stretching  ollowing positioning in a patient with a 
motor blockade o  the lumbar musculature, and direct 
stretching o  the sciatic nerve. T ese two “stretching” 
theories are supported by the  act that patients under-
going lidocaine spinal anesthesia in the lithotomy posi-
tion have an incidence o   NS o  30% to 35%, com-
pared to 4% to 8% in the supine position. Lidocaine is 
 ar and away the agent most likely to cause  NS, 
although it has been described rarely with other local 
anesthetics such as mepivacaine and prilocaine. Other 
risk  actors include knee arthroscopy and obesity. Out-
patient surgical status has been implicated in some 
studies, but not others. Pregnant patients do not appear 
to be at greater risk than nonpregnant patients.
 One thing is clear regarding  NS: it is NO  due to 
direct neurotoxicity o  the local anesthetic. T is is sup-
ported by the  ollowing: 
• Symptoms are limited to pain; abnormal sensory or 

motor  indings should prompt the evaluation  or 
other causes o  back pain such as spinal hematoma 
or nerve root compression.

• Pain does not start immediately a ter resolution o  
the block (as would be expected i  neuropathy was 
involved). Instead, it typically starts 24 to 48 hours 
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a ter the spinal anesthetic,  urther supporting the 
muscular/ligamentous stretch theory—kind o  like 
how your muscles are sore the day after you work 
out, not while you’re leaving the gym.

• Changes in concentration o  the local anesthetic 
(using 0.5% lidocaine in place o  5%) or addition o  
vasoconstrictors does not a  ect the incidence o  
 NS.

• Electrophysiologic testing during episodes o   NS 
are normal in volunteer studies.

  NS can be prevented almost entirely by avoiding 
spinal lidocaine. However, in those cases where it does 
occur, treatment centers around reassurance (it only 
lasts 7 to 10 days at most), NSAIDs, and warm heat 
applied to the lower back. I  spasm is present, muscle 
relaxant drugs can be use ul. 

Ref: Pollock J.  ransient neurologic symptoms: etiology, risk 
 actors. Reg Anesth Pain Med 2002; 27:581–586.

 16. Administering epidural morphine during cesarean 
delivery has been shown to increase the risk o :

 (A) herpes simplex virus type 1 reactivation
 (B) herpes simplex virus type 2 reactivation
 (C) hepatitis B virus reactivation
 (D) hepatitis C virus reactivation
 (E) group B streptococcal in ection

Herpes labialis (e.g., oral herpes or “cold sores”) is typi-
cally caused by herpes simplex virus (HSV) type 1. In 
contrast, genital herpes is typically caused by HSV-2. 
While HSV-1 and HSV-2 usually cause in ection 
“above the belt” and “below the belt,” respectively, 
each virus can in ect either area, although it is unusual. 
T e prevalence o  HSV-1 within women o  childbear-
ing age is estimated to be approximately 50% to 70%.
 Why is herpes in ection during pregnancy and 
childbirth o  interest? Firstly, primary herpes in ection 
(women who acquire the virus  or the  rst time) dur-
ing pregnancy presents a pro ound threat to the  etus; 
congenital herpes is associated with severe  etal anoma-
lies and  etal loss. Herpes can also be passed to the 
newborn either by passage through the genital tract 
during active HSV-2 in ection or (much less com-
monly) by transmission  rom contact with other indi-
viduals who have active oral HSV-1 lesions. Neonatal 
herpes can cause skin, eye, and mouth disease, enceph-
alitis, or disseminated in ection; mortality with wide-
spread in ection reaches 30% even with prompt antivi-
ral treatment. Mothers,  amily members, and caregivers 

should be actively treated i  they have oral lesions, and 
contact with the neonate should be limited.
 So, why is this relevant to anesthesia? Administra-
tion o  epidural or spinal morphine has been shown to 
lead to reactivation o  HSV-1 lesions in women under-
going cesarean delivery. T is may occur in as many as 
40% o  women with latent HSV-1 in ection. Intrave-
nous or oral opioids do not appear to increase the risk, 
which raises questions about the mechanism. Cur-
rently, it is unclear exactly why this occurs, but some 
have proposed that opioid-induced suppression o  host 
immunity is the underlying mechanism. T is may lead 
to replication o  the virus in the dorsal root ganglion 
where it normally remains dormant.
 Despite the  act that spinal and epidural morphine 
increases the risk o  HSV-1 reactivation, there is little 
data to support the idea that these recrudescences are 
associated with neonatal in ection, and the analgesic 
bene t outweighs this theoretical risk in most cases. 
Note that neuraxial morphine does not increase the 
rate o  genital herpes reactivation.

Ref: Chestnut DH. Chestnut’s Obstetric Anesthesiology: Princi-
ples and Practice, 5th ed. Philadelphia, PA: Elsevier; 2014.

 17. Which o  the  ollowing is a risk  actor  or the devel-
opment o  a spinal hematoma  ollowing neuraxial 
anesthesia?

 (A) male sex
 (B) younger age
 (C) spinal (compared with epidural) technique
 (D) spinal stenosis
 (E) diabetes mellitus

Several patient, anesthetic, and pharmacologic  actors 
have been associated with increased risk o  a spinal hema-
toma  ollowing neuraxial anesthesia. T ese include:
• Female sex
• Increased age
• Spinal stenosis or ankylosing spondylitis (due to 

decreased space  or hematoma to collect and 
increased pressure on neurologic structures)

• Renal insu  iciency (due to decreased clearance o  
low molecular weight heparin)

•  raumatic needle/catheter placement
• Epidural technique (compared with spinal technique, 

it involves a larger needle and usually an indwelling 
catheter)

• Preexisting coagulopathy (e.g., HELLP syndrome)
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• Perioperative low-molecular-weight heparin (LMWH) 
administration 

• Combined antiplatelet or anticoagulant medication 
with LMWH

•  wice-daily LMWH (vs. once daily)

Ref: Horlocker et al. Regional Anesthesia in the Patient Receiv-
ing Antithrombotic or T rombolytic T erapy: American Soci-
ety of Regional Anesthesia and Pain Medicine Evidence-based 
Guidelines, 3rd ed. Reg Anesth Pain Med 2010;35:64–101.

 18. According to the American Society o  Regional Anes-
thesia and Pain Medicine (ASRA) Evidence-Based 
Guidelines on regional anesthesia in patients receiving 
antithrombotic/thrombolytic therapy, which o  the  ol-
lowing situations represents a contraindication to neur-
axial anesthesia?

 (A) placing an epidural  or a vascular surgical proce-
dure 90 minutes prior to anticipated intravenous 
administration o  5,000 units o  heparin

 (B) conducting a spinal anesthetic 11 hours a ter the 
last dose o  enoxaparin used  or thrombopro-
phylaxis

 (C) per orming a combined spinal-epidural on a 
patient taking war arin with an INR o  1.4

 (D) placing an epidural catheter in a patient  
receiving 5,000 units o  heparin subcutaneously 
twice daily

 (E) administering a single-shot spinal in a patient 
who stopped their clopidogrel 5 days ago

T e ASRA Evidence-Based Guidelines on regional 
anesthesia in patients receiving antithrombotic/throm-
bolytic therapy are a consensus statement put together 
by key opinion leaders, which aids in clinical decision 
making. One o  the caveats to these guidelines is that 
these are  or individual agents only. T e authors stress 
that i  patients are on multiple agents, hemostasis may 
be ef ectively impaired despite each individual agent 
meeting the threshold  or neuraxial puncture. For 
example, it is not known to what degree the risk o  a 
spinal hematoma is increased in the patient taking 
aspirin, un ractionated heparin, and garlic supple-
ments, even though all three are not problematic by 
themselves. As always, clinical judgment and care ul 
weighing o  risks and bene ts should not be sup-
planted by a generalized guideline.
 Intravenous un ractionated heparin may be given 
1 hour a ter neuraxial anesthesia, provided that the spi-

nal or epidural placement was uncomplicated. A trau-
matic (bloody) tap can present a dilemma; i  the dose o  
heparin is 5,000 to 10,000 units, as might be used  or 
vascular surgery, a discussion with the surgeon and 
weighing o  the risks/bene ts is recommended, although 
there is little data to guide clinicians either way. In the 
case o  a bloody tap prior to  ull heparinization  or car-
diopulmonary bypass, it is recommended that surgery 
be delayed  or 24 hours. Epidural catheters should be 
removed only a ter a normal aP   is obtained, usually 
2 to 4 hours a ter the bolus or in usion has ceased. Hep-
arin can be restarted 1 hour a ter removal.
 Subcutaneous un ractionated heparin (e.g., 5,000 
units twice daily) is not a contraindication to neuraxial 
procedures; however, the risk o  bleeding is theoreti-
cally highest in the 2 hours  ollowing administration, 
so consideration o  timing may increase the margin o  
sa ety.
 Neuraxial procedures are thought to be sa e with 
once-daily dosing o  low-molecular-weight heparin 
(LMWH), providing the timing is care ully managed. 
Instrumentation o  the neuraxis should be delayed  or 
10 to 12 hours a ter the last dose o  LMWH; the sub-
sequent dose should not be administered any sooner 
than 2 hours a ter the spinal/epidural procedure. Epi-
dural catheters can be sa ely maintained with this regi-
men.  wice-daily dosing or treatment doses o  LMWH 
are not compatible with indwelling epidural catheters. 
Placement should be delayed  or 24 hours a ter the last 
dose. A ter removal, 2 hours should elapse be ore the 
subsequent dose is administered.
 Patients taking war arin should not be instru-
mented with an INR o  1.5 or greater, per the guide-
lines. An INR o  1.5 represents mean activity levels o  
all  our vitamin K-dependent  actors (II, VII, IX, X) at 
near or over 50%; since it is generally  elt that 40% 
activity level is enough  or adequate hemostasis, this 
guideline seems appropriate.
 T e suggested time interval between discontinua-
tion o  clopidogrel and neuraxial blockade is 7 days. I  
spinal or epidural anesthesia is indicated in the mean-
time, platelet  unction assays may be help ul to estab-
lish exact degree o  platelet inhibition.

Ref: Horlocker et al. Regional Anesthesia in the Patient Receiv-
ing Antithrombotic or T rombolytic T erapy: American 
Society of Regional Anesthesia and Pain Medicine Evidence-
based Guidelines, 3rd ed. Reg Anesth Pain Med 2010; 
35:64–101.
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461

 CHAPTER 28

Complications in Anesthesia

 1. Which o  the  ollowing is the most common complica-
tion o  nasotracheal intubation?

 (A) arytenoid dislocation
 (B) submucosal tear o  the posterior pharyngeal wall
 (C) avulsion o  the turbinate bone
 (D) epistaxis
 (E) esophageal per oration

 2. Which o  the  ollowing statements regarding sore 
throat  ollowing general anesthesia are  RUE?

 (A)  he rates o  sore throat  or endotracheal tube 
(E  ) and laryngeal mask airway (LMA) are 
similar.

 (B)  he most common injury attributed to the 
LMA is nerve palsy.

 (C)  he incidence o  sore throat is directly  
proportional to the size o  the E  .

 (D) High-volume, low-pressure cu  s are associated 
with a reduced incidence o  sore throat.

 (E) Cu  ed tubes lead to a greater incidence o  sore 
throat than do uncu  ed tubes.

 3. Which o  the  ollowing is  RUE regarding dental dam-
age during general anesthesia? 

 (A)  he reported incidence is approximately 1 in 50.
 (B) Roughly 50% o  all anesthesia-related dental 

injuries occur during laryngoscopy.
 (C) Upper and lower incisors are damaged with 

equal  requency.
 (D) In the setting o  poor dentition, mouth guards 

can reduce the risk o  damage.
 (E)  he use o  an oropharyngeal airway during the 

case can reduce the risk o  damage.

 4. Which o  the  ollowing is the most commonly injured 
structure during airway management?

 (A) teeth
 (B) tongue
 (C) pharynx
 (D) larynx
 (E) esophagus

 5. Which o  the  ollowing techniques is MOS  likely to 
prevent corneal abrasions?

 (A) petroleum ointment
 (B) para  in-based ointment
 (C) methylcellulose ointment
 (D) vertical taping o  the eyelids
 (E) horizontal taping o  the eyelids

 6. Which o  the  ollowing is NO  a risk  actor  or post-
operative visual loss a ter spine surgery?

 (A)  emale sex
 (B) use o  the Wilson bed  rame
 (C) long duration o  anesthesia
 (D) obesity
 (E) the use o  large amounts o  crystalloid solutions 

 or  luid replacement

 7. Which o  the  ollowing drugs is associated with super-
 cial thrombophlebitis  ollowing intravenous injection?

 (A) thiopental
 (B) dexmedetomidine
 (C) propo ol
 (D) ketamine
 (E) etomidate
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 8. Which o  the  ollowing drugs is MOS  likely to cause 
tissue necrosis upon inadvertent intra-arterial injection?

 (A) thiopental
 (B) dexmedetomidine
 (C) propo ol
 (D) ketamine
 (E) etomidate

 9. A patient undergoing an elective coronary artery bypass 
gra t is induced unevent ully. T e resident places a right 
internal jugular 8.5 Fr introducer, and while passing 
the introducer through the skin o  the neck is some-
what di cult, it eventually gives, and is advanced com-
pletely. No catheter is placed through the lumen o  the 
introducer. Several minutes later, the attending per-
 orming the transesophageal echocardiogram notices a 
moderate pericardial e usion that was not present on 
the preoperative echo. Which o  the  ollowing best 
explains the pericardial e usion?

 (A) per oration o  the right ventricle by the guidewire
 (B) per oration o  the right atrium by the guidewire
 (C) per oration o  the coronary sinus by the guidewire
 (D) per oration o  the right ventricle by the tissue 

dilator
 (E) per oration o  the right atrium by the tissue  

dilator

 10. Which o  the  ollowing is the MOS  use ul is prevent-
ing inadvertent injury to the carotid artery during cen-
tral venous cannulation o  the internal jugular vein?

 (A) blood gas analysis o  the aspirate
 (B) transduction o  the cannula to determine the 

vascular wave orm and pressure
 (C) ultrasound guidance
 (D) color o  the blood emerging  rom the needle hub
 (E) pulsatile  low o  blood  rom the needle hub

 11. Which o  the  ollowing statements about venous air 
embolism (VAE) is  RUE?

 (A)  he incidence o  VAE is similar between prone 
and sitting neurosurgical cases.

 (B)  he cerebral sinuses are a common source o  air 
emboli.

 (C)  he generation o  VAE requires the surgical site 
to be at or slightly below the level o  the heart.

 (D) A drop in the end-tidal carbon dioxide level is 
the most sensitive sign o  VAE.

 (E) Once diagnosed, PEEP should be added to  
prevent  urther air emboli.

 12. Which o  the  ollowing is NO  a risk  actor  or  
pulmonary artery rupture associated with the use o  
pulmonary artery (Swan-Ganz) catheters?

 (A) pulmonary hypertension
 (B)  ever
 (C) anticoagulant use
 (D) mitral valve stenosis
 (E) advanced age

 13. Which o  the  ollowing practices is LEAS  likely to aid 
in preventing an intraneural injection during peripheral 
nerve block?

 (A) use o  a small (vs. large) gauge needle
 (B) use o  a beveled (vs. pencil point) needle
 (C) use o  electrical nerve stimulation
 (D) use o  ultrasonographic guidance
 (E) monitoring injection pressure during injection

 14. Which o  the  ollowing arm positions is MOS  likely 
to result in changes in upper limb somatosensory 
evoked potentials during spinal surgery in the prone 
position?

 (A) arms tucked in at the side,  orearms supinated
 (B) arms tucked in at the side,  orearms pronated
 (C) arms extended above the head (“Superman-

style”)
 (D) arms abducted laterally 90°, elbows extended
 (E) arms abducted laterally 90°, elbows  lexed 90°
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 15. Which o  the  ollowing statements regarding the use o  
pneumatic limb tourniquets  or surgery is  RUE?

 (A)  ourniquet cu   width is directly proportional to 
the in lation pressure required to occlude blood 
 low.

 (B)  he use o  a straight tourniquet cu   occludes 
blood  low with the same in lation pressure as a 
contoured cu  .

 (C)  ourniquet downtime, where the pressure is 
released  or a short period o  time be ore being 
rein lated, has been shown to reduce risk o  
injury.

 (D)  he pathophysiology o  nerve injury related to 
tourniquet use is primarily ischemic damage to 
the nerve  ibers.

 (E) When setting in lation pressure, limb occlusion 
pressure should be directly measured.

 16. Which o  the  ollowing anesthetic techniques is LEAS  
associated with postoperative peripheral neuropathies?

 (A) epidural anesthesia
 (B) lithotomy position
 (C) diabetes mellitus
 (D) pneumatic tourniquets
 (E) renal disease

 17. Sa ety maneuvers that may prevent the occurrence o  
an airway  re during upper airway laser surgery include 
all o  the  ollowing EXCEP :

 (A) maintaining the FiO2 < 30%
 (B) use o  a tube with a double cu  
 (C) use o  a tube constructed  rom polyvinyl chlo-

ride (PVC)
 (D) use o  an operative bronchoscope
 (E) the avoidance o  nitrous oxide

 18. A patient is being ventilated with 40% oxygen during 
laser coagulation o  laryngeal granulomas. Suddenly the 
surgeon shouts that the endotracheal tube has caught 
on  re. T e most appropriate FIRS  step should be to:

 (A)  urn o   the  lows on the oxygen  lowmeter.
 (B) Splash sterile saline into the  ield.
 (C) Immediately remove the burning endotracheal 

tube  rom the patient.
 (D)  urn o   the volatile agent.
 (E) Disconnect the tube  rom the circle circuit and 

remove the tube  rom the patient.

 19. T e e ect o  occupational exposure to an operating 
room environment is most likely to increase the risk o  
which one o  these events  or  emale workers?

 (A) spontaneous abortion
 (B) congenital cle t lip abnormalities in o  spring
 (C) autism in o  spring
 (D) breast cancer
 (E) sensorineural hearing loss

 20. T e initial drop in core body temperature during anes-
thesia is due to which o  the  ollowing  actors?

 (A) decrease in metabolic rate
 (B) redistribution o  blood  low
 (C) radiation o  heat to the atmosphere
 (D) evaporation  rom skin and exposed tissues
 (E) conduction o  heat to the operating room table

 21. O  the  our  undamental mechanisms o  heat trans er, 
which two are MOS  responsible  or the linear phase 
o  hypothermia during general anesthesia?

 (A) conduction and radiation
 (B) conduction and evaporation
 (C) convection and radiation
 (D) convection and conduction
 (E) evaporation and radiation
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 22. Which o  the  ollowing BES  describes the di erence 
in mechanisms o  hypothermia with neuraxial vs. gen-
eral anesthesia?

 (A) Redistribution only plays a minor role in  
hypothermia.

 (B) Patients will complain o   eeling cold  aster.
 (C) Active vasoconstriction during the plateau phase 

is impaired.
 (D)  here is relatively little convection o  heat.
 (E) Intraoperative shivering is decreased.

 23. Which o  the  ollowing BES  describes the cardiac 
e ects o  mild (~1.3°C) postoperative hypothermia 
compared with normothermia?

 (A)  here is a cardioprotective e  ect.
 (B)  here is an increased risk o  atrial  ibrillation.
 (C)  here is decreased myocardial contractility.
 (D)  here is an increased risk o  myocardial  

ischemia.
 (E)  here is no di  erence in cardiac outcomes.

 24. Which o  the  ollowing is NO  a known e ect o  peri-
operative hypothermia?

 (A) increased incidence o  wound in ection
 (B) increased risk  or blood loss and trans usion 

requirements
 (C) decreased a  inity o  hemoglobin  or oxygen
 (D) bronchorrhea
 (E) increased duration o  neuromuscular blockade

 25. Which o  the  ollowing is the BES  strategy in order 
to minimize the initial redistribution phase o  hypo-
thermia?

 (A) preoperative administration o  vasoconstrictors
 (B) preoperative  orced-air warming  or 1 to  

2 hours
 (C) elect to use spinal anesthesia when possible
 (D) wrap the patient’s head in a piece o  clear plastic 

once under general anesthesia
 (E) use o  a simple cotton blanket

 26. Which o  the  ollowing locations gives the most accu-
rate result when monitoring core body temperature? 

 (A) tympanic membrane
 (B) bladder
 (C) axilla
 (D) esophagus
 (E) rectum

 27. Which o  the  ollowing is NO  a characteristic  eature 
o  heat stroke?

 (A) advanced age
 (B) hypertension
 (C) multiorgan system  ailure
 (D) altered mental status
 (E) rhabdomyolysis

 28. Which o  the  ollowing strategies is LEAS  e ective in 
preventing intraoperative bronchospasm in an asth-
matic patient scheduled  or open inguinal hernia repair?

 (A) advise preoperative smoking cessation o   
2 months’ duration

 (B) use o  a laryngeal mask airway (vs. an  
endotracheal tube)

 (C) use o  atracurium as the neuromuscular blocking 
agent

 (D) prescribing oral methylprednisolone 40 mg daily 
 or 5 days

 (E) use o  ketamine as an induction agent

 29. A 21-year-old patient is admitted to the ICU with sta-
tus asthmaticus. Her arterial blood gas reveals a PaO2 
o  72 mm Hg and a PaCO2 o  46 mm Hg on a non-
rebreather oxygen mask. Her peak f ow rate is 35% o  
baseline. Which o  the  ollowing therapies is MOS  
likely to improve her condition?

 (A) theophylline
 (B) helium-oxygen (heliox)
 (C) broad-spectrum antibiotics
 (D) intravenous magnesium
 (E) leukotriene receptor antagonist therapy
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 30. T e prevalence o  latex allergy among health care work-
ers is approximately:

 (A) 1%
 (B) 4%
 (C) 12%
 (D) 16%
 (E) 20%

 31. Which o  the  ollowing is LEAS  likely to be a present-
ing  eature o  anaphylaxis during general anesthesia?

 (A) rash
 (B)  lushing
 (C) di  iculty ventilating
 (D) pulselessness
 (E) hypotension

 32. Which o  the  ollowing is NO  indicated  or the initial 
management o  anaphylaxis? 

 (A) albuterol
 (B) hydrocortisone
 (C) epinephrine
 (D)  luids
 (E) ranitidine

 33. Which o  the  ollowing is the most common class o  
substances to cause intraoperative anaphylactic reactions?

 (A) antibiotics
 (B) propo ol
 (C) neuromuscular blockers
 (D) latex
 (E) local anesthetics

 34. Which o  the  ollowing diagnostic tests should be per-
 ormed the same day as the anaphylactic reaction?

 (A) serum histamine
 (B) serum tryptase
 (C) mast cell count
 (D) immunoglobulin E assay
 (E) radioallergosorbent test (RAS )

Directions: Use the following scenario to answer ques-
tions 35–37.
A 25-year-old male is emerging  rom an unevent ul general 
anesthetic  or a laparoscopic hernia repair. He has mild 
asthma  or which he takes albuterol inhalers as needed, but 
has had no recent exacerbations or respiratory tract in ec-
tions. He is on no other medications, has a good exercise 
tolerance, and a clear chest exam. T e resident extubates the 
patient prior to awakening with an end-tidal sevof urane 
concentration o  1% in order to decrease the risk o  bucking 
on the endotracheal tube. Shortly therea ter, the patient 
coughs and begins to exhibit labored breathing, with high-
pitched inspiratory sounds. Despite a good  ace mask  t, 
tidal volumes are minimal.

 35. Which o  the  ollowing is the most likely diagnosis 
given the above scenario? 

 (A) anaphylaxis
 (B) bronchospasm
 (C) laryngospasm
 (D) airway  oreign body
 (E) pneumothorax

 36. T e patient begins to desaturate to an SpO2 o  89%. 
Which o  the  ollowing therapies is most likely to result 
in success ul termination o  this event? 

 (A) nebulized albuterol
 (B) racemic epinephrine
 (C) IV steroids
 (D) needle decompression o  the chest
 (E) succinylcholine

 37.  en minutes later, the resident is called to the recovery 
room where the patient is awake but appears panicked. 
He is breathing at a rate o  40/min, and is tachycardic 
and hypertensive. His SpO2 is 86% on  ace mask oxy-
gen, and he is coughing up copious  rothy secretions. 
Chest exam reveals bilateral coarse crackles. Which o  
the  ollowing is the most likely diagnosis?

 (A) panic attack
 (B) anaphylaxis
 (C) bronchospasm
 (D) pulmonary edema
 (E) myocardial in arction
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 38. Which o  the  ollowing is NO  a risk  actor  or pul-
monary aspiration o  gastric contents?

 (A) pregnancy
 (B) progressive systemic sclerosis (scleroderma)
 (C) post-ictal state
 (D) meperidine
 (E) metoprolol

 39. What is the approximate hal -emptying time o  clear 
liquids in the healthy stomach?

 (A) 6 minutes
 (B) 12 minutes
 (C) 20 minutes
 (D) 30 minutes
 (E) 45 minutes

 40. Which o  the  ollowing statements regarding the gastric 
aspiration o  pulmonary contents is  RUE?

 (A)  he ASA guidelines suggest a preoperative  ast 
o  4 hours  rom in ant  ormula.

 (B) Backwards-upwards-rightwards pressure (BURP) 
on the cricoid cartilage prevents passive  
regurgitation.

 (C) Omeprazole 20 mg PO as a single preoperative 
dose e  ectively increases gastric pH.

 (D) Empiric corticosteroids have no role  ollowing 
aspiration o  gastric contents.

 (E)  he incidence o  aspiration with laryngeal mask 
airways (LMAs) is higher than with endotracheal 
tubes.

 41. Which o  the  ollowing regarding the genetics and 
pathophysiology o  malignant hyperthermia (MH) is 
CORREC ?

 (A) Malignant hyperthermia is inherited in an auto-
somal recessive pattern.

 (B) Most patients who have an MH event have a 
 amily history o  MH.

 (C)  he principal genetic mutation responsible  or 
MH lies on chromosome 17.

 (D)  he inciting event in MH is the unregulated 
release o  ryanodine.

 (E) MH is a channelopathy leading to dysregulation 
o  calcium homeostasis.
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Answers and Explanations: 
Complications in Anesthesia

 1. Which o  the  ollowing is the most common complica-
tion o  nasotracheal intubation?

 (A) arytenoid dislocation
 (B) submucosal tear o  the posterior pharyngeal wall
 (C) avulsion o  the turbinate bone
 (D) epistaxis
 (E) esophageal per oration

Abrasion o  the nasal mucosa as the tube passes posteri-
orly can lead to epistaxis, the most common complication 
o  nasal intubation. T is usually occurs in the anterior 
aspect o  the nasal septum, and is more likely to occur 
with larger tubes, use o  excessive  orce, and/or repeated 
attempts. T e use o  vasoconstrictors has been shown in 
some studies to reduce the rate o  epistaxis. One study 
estimated the rate o  epistaxis to be approximately 17%, 
although most o  these cases were not severe. Epistaxis is 
classi ed anatomically as either originating anteriorly or 
posteriorly. It is o ten di cult to determine. 
 I  bleeding is noted on insertion, some recommend 
to continue with the intubation, provided it can be 
completed quickly. T is will serve to use the tube to 
tamponade the bleeding. I  bleeding is brisk, the tube 
can be withdrawn slightly and the balloon inf ated so 
that blood does not contaminate the oropharynx. In 
addition, while the balloon serves to tamponade the 
bleeding site, the tube lumen acts as a nasal airway. I  
bleeding continues, it can usually be controlled by the 
insertion o  a bacitracin-coated absorbent tampon. 
Once placed, 10 mL o  saline should be instilled in the 
nare (using a 22-guage angiocath) to speed the expan-
sion o  the tampon.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 2. Which o  the  ollowing statements regarding sore 
throat  ollowing general anesthesia are  RUE?

 (A)  he rates o  sore throat  or endotracheal tube 
(E  ) and laryngeal mask airway (LMA) are 
similar.

 (B)  he most common injury attributed to the 
LMA is nerve palsy.

 (C) The incidence of sore throat is directly  
proportional to the size of the ETT.

 (D) High-volume, low-pressure cu  s are associated 
with a reduced incidence o  sore throat.

 (E) Cu  ed tubes lead to a greater incidence o  sore 
throat than do uncu  ed tubes.

Sore throat is a common complaint a ter general anes-
thesia, a ecting up to > 10% o  patients at 24 hours 
postoperatively. Up to 50% o  patients who have their 
tracheas intubated with E  s report sore throats; con-
versely, the use o  an LMA reduces that risk to between 
18% and 35%. 
 Mechanical trauma is the main culprit with both 
types o  devices. Injuries seen with E  s include de-
epithelialization, hematoma, edema, submucosal tears, 
and granuloma  ormation; the main concern with 
LMA use is pharyngeal edema, although nerve palsies 
(recurrent laryngeal, hypoglossal, lingual), arytenoid 
dislocation, and bruising o  the other laryngeal carti-
lages and uvula have been reported. T ere is a direct 
relationship between E   diameter and incidence o  
sore throat. Interestingly, while high-volume, low-
pressure cu s have decreased the incidence o  post-
extubation croup (a phenomenon due to the excessive 
pressure leading to mucosal ischemia and subsequent 
reper usion edema), the high-volume, low-pressure 
cu s are more likely to cause sore throat due to a 
greater sur ace area. Uncu ed tubes are associated with 
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an increased risk o  sore throat than do cu ed tubes. 
T is has been explained by the f ow o  nonhumidi ed 
gas across the unprotected airway mucosa during 
spontaneous ventilation. 
 Patient  actors associated with sore throat include 
 emale sex, younger patients, and those undergoing 
gynecological procedures.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 3. Which o  the  ollowing is  RUE regarding dental dam-
age during general anesthesia? 

 (A)  he reported incidence is approximately 1 in 50.
 (B) Roughly 50% of all anesthesia-related dental 

injuries occur during laryngoscopy.
 (C) Upper and lower incisors are damaged with 

equal  requency.
 (D) In the setting o  poor dentition, mouth guards 

can reduce the risk o  damage.
 (E)  he use o  an oropharyngeal airway during the 

case can reduce the risk o  damage.

Dental trauma occurs in one out o  every 2,000 to 
2,500 patients undergoing general anesthesia. Fracture 
o  the enamel sur ace is the most common injury, 
although subluxation or avulsion o  the tooth may 
occur, as well as damage to arti cial dental work such 
as crowns or veneers.
 Poor laryngoscopic technique is to blame in roughly 
50%, especially i  the operator is using the upper inci-
sors as a  ulcrum. For this reason, the upper incisors 
are the most  requently injured teeth. Another com-
mon cause is biting, particularly when oropharyngeal 
airways are used inappropriately as bite blocks. Speci -
cally designed bite blocks or a roll o  gauze tend to 
reduce the risk o  damage. Several patient  actors 
increase the risk o  damage, including previous trauma, 
poor dentition, protruding upper incisors, gum dis-
ease, and arti cial dental work. 
 I  a tooth is damaged, all o  the  ragments must be 
accounted  or; a chest X-ray is sometimes required i  
the tooth is unaccounted  or in the mouth o  pharynx. 
All dental injuries should be explained to the patient 
and re erred on  or dental care.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 4. Which o  the  ollowing is the most commonly injured 
structure during airway management?

 (A) teeth
 (B) tongue
 (C) pharynx
 (D) larynx
 (E) esophagus

T e ASA closed-claims database registry revealed that 
airway trauma accounted  or 6% o  all respiratory 
claims. T e claimants were typically young, healthy 
 emales undergoing routine (i.e., nondi cult) airway 
management. When classi ed by structure injured, the 
larynx was most common (33%),  ollowed by pharynx 
(19%), esophagus (18%), trachea (15%), and tem-
poromandibular joint (10%). Laryngeal injuries 
include ulceration or granuloma  ormation on the 
vocal cord, arytenoid dislocation, laceration/bleeding 
o  the vocal cord, damage to intrinsic muscles, and 
in ection o  the so t tissue. T e overwhelming majority 
o  pharyngeal, esophageal, and tracheal injuries were 
per orations and tears. Several authors have implicated 
the use o  rigid stylets within endotracheal tubes as 
causative  actors, and advocate against their routine 
use. T e advent o  videolaryngoscopy has not reduced 
the incidence o  airway trauma; in  act, multiple cases 
o  so t tissue tears, per orations, and even submucosal 
tube advancement have been reported. T e use o  a 
rigid stylet to guide the tube with the operator’s atten-
tion  ocused on the video image o  the glottis has led 
to most o  these complications.
 Mortality  rom tracheal and esophageal per oration 
is approximately 15% to 20%, and is o ten due to 
complications related to subsequent mediastinitis and/
or pneumothoraces.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 5. Which o  the  ollowing techniques is MOS  likely to 
prevent corneal abrasions?

 (A) petroleum ointment
 (B) para  in-based ointment
 (C) methylcellulose ointment
 (D) vertical taping o  the eyelids
 (E) horizontal taping of the eyelids
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Corneal abrasions can occur as a result o  direct 
trauma to the eye  rom items such as the laryngo-
scope,  ace mask, surgical drapes, or personal items 
such as name badges, stethoscopes, watches, etc. Post-
operatively, patients can inadvertently damage their 
own corneas while rubbing their eyes, or by bed linens 
i  positioned in the lateral position. However, direct 
trauma and chemical injury account  or only 20% o  
corneal abrasions; the vast majority are due to  ailure 
o  the eyelid to close properly (lagophthalmos), which 
leads to corneal drying. During normal sleep condi-
tions, less than 5% o  individuals exhibit lagophthal-
mos, but this jumps to up to 60% o  patients while 
under anesthesia. In addition, general anesthesia sig-
ni cantly reduces tear production and stability, lead-
ing to a more rapid time to breaking o  the tear  lm 
covering the cornea.
 T e prone position carries an increased risk  or cor-
neal abrasions, even with the head turned to the side. 
In these cases, the dependent eye is much more at risk 
than the non-dependent eye. Head and neck surgery is 
also a higher risk class o  procedures, likely  rom direct 
trauma or pressure on the globe.
  aping o  the eyelids is a popular method  or pre-
venting lagophthalmos and exposure keratopathy dur-
ing general anesthesia, and is the most e ective. Hori-
zontal taping allows  or  ull apposition o  both lids; 
vertical taping is not recommended, as the lids may 
open under the tape.  aping should be done immedi-
ately a ter induction and be ore intubation, except in 
cases o  rapid-sequence intubation where securing the 
airway is the  rst priority.  aping is not without haz-
ards: i  improperly applied, the cornea can rub on the 
tape. Allergic reactions have also been reported, and 
eyelash trauma is not in requent. T e use o  bio-occlu-
sive dressings such as  egaderm or OpSite carries the 
advantage o  complete coverage o  both eyelids, thereby 
preventing evaporation o  the tear  lm. T ere is some 
evidence showing superiority to taping in prevention o  
corneal abrasions.
 Ointments have been used, with or without eye 
taping. T e overall evidence  rom the literature, how-
ever, shows no di erence in corneal abrasion rates 
when compared with taping alone. Moreover, the use 
o  petroleum-based ointments disrupts the stability o  
the precorneal tear  lm, which may result in acceler-
ated dryness. Para n-based ointments have been asso-
ciated with blurred vision, allergic reactions, and a 
 oreign-body sensation. Water-based methylcellulose 

solutions (i.e., arti cial tears) appear to have a low 
complication rate.
 Goggles may provide protection against trauma but 
do not protect against desiccation. Protective contact 
lenses appear to be e ective but are relatively impracti-
cal and may cause abrasions upon insertion.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 6. Which o  the  ollowing is NO  a risk  actor  or post-
operative visual loss a ter spine surgery?

 (A) female sex
 (B) use o  the Wilson bed  rame
 (C) long duration o  anesthesia
 (D) obesity
 (E) the use o  large amounts o  crystalloid solutions 

 or  luid replacement

Perioperative visual loss (POVL) is a devastating injury, 
and can be attributed to one o  three mechanisms: 
ischemic optic neuropathy (ION), central retinal 
artery occlusion (CRAO), or cortical blindness. CRAO 
is typically caused by atheroemboli  rom an ipsilateral 
carotid artery. Cortical blindness is usually due either 
to trauma or ischemia  rom hypotension/arrest.
 ION can occur either in the anterior portion o  the 
optic nerve where the nerve enters the globe (AION), 
or the posterior aspect o  the nerve where it lies in the 
bony orbit. Like other parts o  the brain, the optic 
nerve enjoys autoregulatory control over a range o  ocu-
lar per usion pressures, although that range is not very 
large. I  the MAP drops below the lower limit o  auto-
regulation, f ow is simply related directly to pressure. 
While the exact mechanism o  ION is not completely 
understood, most experts believe that it is primarily 
elevated venous pressure in the head that leads to inter-
stitial edema that is the initial inciting  actor. T is then 
injures the optic nerve through direct mechanical com-
pression, venous in arction, or compression o  very 
small pial vessels that supply the optic nerve. Although 
rare, this seems to be con ned to certain types o  proce-
dures, such as spine surgery, cardiac surgery, and more 
recently robotic surgery o  long duration in the head-
down position.
 Risk  actors  or ION have been derived  rom an 
analysis o  a multicenter case-control study and 
include: obesity, male sex, use o  the Wilson  rame, 
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longer duration o  anesthesia, greater estimated blood 
loss, and a lower relative volume o  colloid adminis-
tered as the non-blood volume replacement. Obesity 
increases intra-abdominal pressure and predisposes to 
central venous congestion. T e Wilson  rame places 
the patient’s head below the level o  the heart when in 
the level orientation, leading to increased venous pres-
sure in the head. Bleeding leads to inf ammation, cap-
illary leak, and replacement with non-blood f uids, 
which, especially when using crystalloid, leads to 
edema. Edema in the eye socket can increase intraocu-
lar pressure and increase venous pressure, potentially 
leading to a compartment syndrome o  the eye. Ane-
mia is also a risk  actor  or ION, partly because a steal 
phenomenon occurs  rom the ophthalmic artery to 
ensure oxygen delivery to the brain at the expense o  
the eyes.
 T e ASA practice advisory  or perioperative visual 
loss associated with spine surgery outlines several strate-
gies to prevent ION, including elevating the head o  the 
bed to keep the head neutral with the heart or above it, 
keeping the head in a neutral position, using colloids 
along with crystalloids  or volume replacement, and 
considering staging procedures  or high-risk patients. It 
is also worthwhile identi ying patients at high risk  or 
POVL based on expected duration and/or blood loss. 
T ese patients should be in ormed about their risk pro-
 le and counseled appropriately (i.e., that there is a low 
but unpredictable risk o  POVL). Intraoperatively, the 
anesthesiologist should continually monitor systemic 
blood pressure, periodically check hemoglobin values, 
and avoid direct pressure on the globe. T e patient’s 
vision should be assessed postoperatively as soon as the 
patient is alert i  there is concern  or POVL. I  POVL is 
suspected, an urgent ophthalmologic consultation 
should be obtained; additional management may 
include optimizing hemoglobin values, hemodynamic 
status, and oxygenation.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 7. Which o  the  ollowing drugs is associated with super-
 cial thrombophlebitis  ollowing intravenous injection?

 (A) thiopental
 (B) dexmedetomidine
 (C) propo ol
 (D) ketamine
 (E) etomidate

Most anesthetic drugs do not cause inf ammatory 
reactions o  the venous system upon injection. How-
ever, some drugs are solubilized in agents such as 
propylene glycol or polyethylene glycol, both o  
which have been demonstrated to cause super cial 
thrombophlebitis.
 Etomidate is one such drug, and the thrombophle-
bitis typically occurs 48–72 hours a ter injection. It is 
sel -limiting in most cases, but subsequent clot  orma-
tion in the damaged vessel has been reported. T is 
e ect is probably lessened by using a  ast-f owing intra-
venous line. Both diazepam and lorazepam can cause 
thrombophlebitis  rom propylene glycol and polyeth-
ylene glycol, respectively. When diazepam is  ormu-
lated in a lipid emulsion (Diazemuls), the incidence o  
thrombophlebitis is no di erent than that o  mid-
azolam. It has been suggested that rocuronium causes 
thrombophlebitis a ter injection; while it certainly 
causes pain on injection in awake subjects, the evi-
dence supporting it being a thrombophlebitic drug is 
weak. Similarly, propo ol is well known to cause burn-
ing pain on injection but does not cause 
thrombophlebitis.
Ref: Barash PG. Clinical Anesthesia, 7th ed. Philadelphia, PA: 

Lippincott Williams & Wilkins; 2013.

 8. Which o  the  ollowing drugs is MOS  likely to cause 
tissue necrosis upon inadvertent intra-arterial injec-
tion?

 (A) thiopental
 (B) dexmedetomidine
 (C) propo ol
 (D) ketamine
 (E) etomidate

Accidental intra-arterial injection o  drugs is rare, and 
is estimated to occur between 1 in 3,500 and 1 in 
50,000 cases involving parenteral administration o  
drugs. At the hand or wrist level, where many intrave-
nous cannulae are situated, arteries are small and 
super cial, and can be mistaken  or veins, especially in 
vasculopathic individuals or those with low systemic 
blood pressure. Signs suggestive o  intra-arterial can-
nula placement include bright red blood in the IV can-
nula on placement, pulsatile f ow in the distal IV tub-
ing, distal signs o  ischemia (blanching, mottled 
appearance), and a more intense than expected degree 
o  pain at the catheter location.  ransduction o  the 
cannula will usually con rm the diagnosis.
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 Intra-arterial thiopental results in a well-de ned 
syndrome that can have disastrous outcomes.  ypi-
cally, severe pain mani ests immediately a ter injection 
along the distribution o  the vessel (i.e., into the hand). 
However, this may not always be present because anes-
thesia is being induced. Skin pallor, redness, and cya-
nosis can occur. I  the patient is awakened early, hypes-
thesia, weakness, paralysis, and anesthesia may be 
present, all  rom ischemia to the distal structures. In 
severe cases, signi cant edema, thrombosis, and ulti-
mately gangrene may develop. T e pathophysiology o  
thiopental-induced arterial injury relates to arterial 
spasm, direct tissue destruction by the drug, a chemi-
cal arteritis, and release o  thromboxane that leads to 
vasoconstriction and thrombosis.
 Once recognized, the injection should be immedi-
ately halted. I  the procedure is elective, the patient 
should be awakened; i  emergent, alternative means o  
continuing the induction should be undertaken (i.e., 
establishment o  alternative venous access and induc-
tion/maintenance with other agents).  reatment cen-
ters around three strategies:  rst, heparin should be 
administered to prevent thrombosis; second, sympa-
thetic block o  the limb should be considered (i.e., stel-
late ganglion block/brachial plexus block) in order to 
cause sympathetic vasodilation;  nally, vasodilators 
(e.g., reserpine, tolazoline), thromboxane inhibitors 
(aspirin, corticosteroids), and high-molecular-weight 
dextrans have been advocated.
 While it causes pain on venous injection, propo ol 
does not appear to cause any sequelae  ollowing intra-
arterial injection.

Ref: Barash PG. Clinical Anesthesia, 7th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2013.

 9. A patient undergoing an elective coronary artery bypass 
gra t is induced unevent ully. T e resident places a right 
internal jugular 8.5 Fr introducer, and while passing 
the introducer through the skin o  the neck is some-
what di cult, it eventually gives, and is advanced com-
pletely. No catheter is placed through the lumen o  the 
introducer. Several minutes later, the attending per-
 orming the transesophageal echocardiogram notices a 
moderate pericardial e usion that was not present on 
the preoperative echo. Which o  the  ollowing best 
explains the pericardial e usion?

 (A) per oration o  the right ventricle by the guidewire
 (B) per oration o  the right atrium by the guidewire
 (C) per oration o  the coronary sinus by the guidewire

 (D) per oration o  the right ventricle by the tissue 
dilator

 (E) perforation of the right atrium by the tissue 
dilator

E usion and/or tamponade secondary to per oration o  
the cardiac chambers during central venous access are a 
relatively rare but potentially  atal complication. 
Depending on the severity o  the per oration, the clini-
cal presentation may occur immediately, or may be 
delayed by a day or weeks. One principal risk  actor is a 
catheter tip position that is below the ref ection o  the 
pericardium on the superior vena cava. It has been rec-
ommended that a chest X-ray is per ormed on all cen-
tral venous lines (and peripherally inserted central lines) 
to evaluate tip location. Proximal SVC and ipsilateral 
brachiocephalic veins are probably the best location. 
Other risk  actors include the in usion o  hyperosmolar 
solutions (which can cause erosion through vessel walls) 
and a catheter tip that lies at a more perpendicular ori-
entation to the vessel/chamber wall, predisposing it to 
per oration with movement. Peripherally inserted cen-
tral catheters (PICC lines) carry additional risk in this 
regard, because movement o  the arm tends to move 
the catheter within the central veins and/or heart.
 Catheter design may a ect risk pro le, as f exible, 
pigtail-style catheter tips are less likely to cause per o-
ration. Similarly, the so t J-tip o  the guidewire is 
unlikely to pass through a vessel/chamber wall unless 
an extraordinary amount o   orce is applied. However, 
the very sti  tissue dilator that accompanies the intro-
ducer is un ortunately a per ect weapon  or vascular 
per oration;  or this reason great care must be taken to 
only push the dilator through the so t tissue o  the 
skin. A skin cut with the scalpel that extends down to 
the vein  acilitates this. Once the tip o  the introducer 
is in the vessel, the introducer can be gently slid o  and 
advanced to an appropriate depth. 
 I  the catheter tip is  elt to be inside the pericardial 
sac, the tip should be aspirated and pericardiocentesis 
and/or surgical repair undertaken immediately.

Ref: Ha Hall JB, Schmidt GA, Kress JP. Principles of Critical 
Care, 4th ed. New York, NY: McGraw Hill; 2015. 

 10. Which o  the  ollowing is the MOS  use ul is prevent-
ing inadvertent injury to the carotid artery during cen-
tral venous cannulation o  the internal jugular vein?

 (A) blood gas analysis o  the aspirate
 (B) transduction o  the cannula to determine the 

vascular wave orm and pressure

MCGH380-CH28_461-490.indd   471  10/09/16   9:53 PM



472  28: Complications in Anesthesia

 (C) ultrasound guidance
 (D) color o  the blood emerging  rom the needle hub
 (E) pulsatile  low o  blood  rom the needle hub

Ultrasound guidance during central venous cannula-
tion con ers several advantages over the landmark-
based technique. A review o  26 randomized controlled 
trials comparing the two methods revealed the  ollow-
ing bene ts:
•  82% relative risk reduction in  ailed catheter place-

ment (CI 68%–90%)
•  75% relative risk reduction in arterial puncture  

(CI 58%–85%)
•  79% relative risk reduction  or pneumothorax  

(CI 27%–94%, p =  0.009)
T e theoretical advantage o  ultrasound guidance over 
blood gas analysis, wave orm transduction, and exami-
nation o  the blood is that by the time a diagnosis has 
been made with these latter techniques, puncture o  
the artery has already occurred.
 Arteriotomy is not without potentially serious com-
plications. Localized hematoma and/or  alse aneurysm 
may expand and cause compression o  other vital neck 
structures such as the airway. In addition, arterial dissec-
tion, thrombosis, and distal thromboembolism have all 
been reported. I  a large-bore cannula has been inserted, 
prompt consultation with a vascular surgeon is indi-
cated. T ere are several options  or management, includ-
ing percutaneous removal, surgical removal, or endovas-
cular-assisted removal, but this complication will require 
a team-oriented approach.

Refs: Carmody KA, Moore CL, Feller-Kopman D. Hand-
book of Critical Care and Emergency Ultrasound. New 
York, NY: McGraw Hill; 2011. 

Wu et al. Real-time  wo-dimensional Ultrasound Guidance for 
Central Venous Cannulation: A Meta-analysis. Anesthesiol-
ogy 2013;118:361–375.

 11. Which o  the  ollowing statements about venous air 
embolism (VAE) is  RUE?

 (A)  he incidence o  VAE is similar between prone 
and sitting neurosurgical cases.

 (B) The cerebral sinuses are a common source of 
air emboli.

 (C)  he generation o  VAE requires the surgical 
site to be at or slightly below the level o  the 
heart.

 (D) A drop in the end-tidal carbon dioxide level is 
the most sensitive sign o  VAE.

 (E) Once diagnosed, PEEP should be added to  
prevent  urther air emboli.

Venous air embolism can occur whenever there is a 
direct connection between air and the vasculature, and 
a pressure gradient exists, promoting air being sucked 
into the vessel instead o  bleeding. T e most common 
clinical scenarios are neurosurgery procedures on the 
spine and head, where the operative site is located 
above the level o  the heart. T is positioning estab-
lishes the negative pressure gradient, especially when 
the central venous pressure is low. Adding to this is the 
relative abundance o  venous sites that are held open 
by dura (e.g., venous sinuses in the head) or bone dur-
ing these procedures. VAE can also occur during cen-
tral venous cannulation or removal.
 Air emboli obstruct the pulmonary vasculature, rais-
ing pulmonary arterial pressures and causing increased 
RV pressure and a decrease in CO and systemic pressure. 
Myocardial ischemia  rom hypoxia and/or RV overload 
can occur. In large enough volumes, air can pass through 
the pulmonary circulation and cause systemic emboli. A 
large air bubble can also become trapped in the right 
ventricular outf ow tract, resulting in an airlock and 
severe hemodynamic compromise. Signs and symptoms 
range  rom nothing to cardiovascular collapse. Dyspnea, 
chest pain, dizziness, hypotension, and a churning “mill-
wheel” murmur are typical signs.
 Monitors  or detection o  VAE include EKG (sinus 
tachycardia, right heart strain, myocardial ischemia), 
ABG (hypoxemia, hypercarbia), a decrease in the end-
tidal CO2 due to an increase in the pulmonary dead 
space, precordial Doppler (mill-wheel murmur), and 
hemodynamic changes such as increase PA pressures 
and CVP with decreased CO and systemic blood pres-
sure.  ransesophageal echocardiography is signi cantly 
more sensitive than all o  these, although it may not be 
practical or even sa e, especially in long cases in the 
sitting position. T e next best is precordial Doppler 
(Figure 28-1). In cases where patients are thought to 
be at high risk, a multi-ori ce catheter can be placed 
with the tip 2 cm below the SVC-atrial junction, so 
that aspiration o  air may be attempted i  VAE occurs. 
T is positioning can be accomplished by  lling the 
CVP catheter with an electrolyte solution and attach-
ing the le t leg lead to the hub (commercial kits with 
the EKG adapter are available). As the catheter is 
advanced, a tip position in the mid-right atrium is her-
alded by a equi-biphasic P wave on lead II.
  reatment o  VAE begins with prevention o   ur-
ther air entry. T e surgeon should be noti ed and 
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advised to f ood the  eld with saline or use wet gauze/
bone wax on the open sur aces. Jugular compression 
and lowering the head level both elevate the venous 
back-pressure and prevent  urther air entry. T e next 
step is to treat the intravascular air that is present by 
aspirating the right heart catheter i  present, ceasing 
nitrous oxide administration, giving 100% oxygen, 
and supportive care such as pressors/inotropes and/or 
chest compressions. T e use o  PEEP to create a posi-
tive pressure gradient was once advocated but is no 
longer used, as it has been recognized to be ine ective 
and perhaps dangerous in promoting paradoxical 
embolism through a patent  oramen ovale.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012.

 12. Which o  the  ollowing is NO  a risk  actor  or  
pulmonary artery rupture associated with the use o  
pulmonary artery (Swan-Ganz) catheters?

 (A) pulmonary hypertension
 (B) fever
 (C) anticoagulant use
 (D) mitral valve stenosis
 (E) advanced age

Pulmonary artery (PA) rupture is a rare but o ten  atal 
complication o  the use o  PA catheters. It carries a 
mortality rate o  approximately 30%, many o  whom 

die immediately  rom massive hemorrhage/hemopty-
sis. T ose that do survive usually require an emergent 
thoracotomy  or control and surgical repair. Some 
lesions are sel -limiting and result in pseudoaneurysms; 
these are at risk  or spontaneous hemorrhage and 
should be managed with endovascular coiling.
 PA rupture sometimes occurs during the insertion 
phase, but more  requently this is the result o  bal-
loon inf ation in a catheter that has inadvertently 
dri ted into a more distal position that originally 
intended. Risk  actors include preexisting pulmonary 
hypertension, advanced age, and hypothermia, all o  
which result in sti er, less compliant pulmonary arte-
rial systems. Hypothermia is an important  actor to 
remember during cardiopulmonary bypass when the 
core temperature is signi cantly lower than normal. 
Other  actors include anticoagulant therapy and 
mitral valve disease (which increases pulmonary 
venous and eventually arterial pressures). For high-
risk patients, the pulmonary artery diastolic pressure 
can be used to estimate the wedge pressure (in most 
cases), rather than repeatedly inf ating and def ating 
the balloon.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012.

 13. Which o  the  ollowing practices is LEAS  likely to aid 
in preventing an intraneural injection during peripheral 
nerve block?

 (A) use of a small (vs. large) gauge needle
 (B) use o  a beveled (vs. pencil point) needle
 (C) use o  electrical nerve stimulation
 (D) use o  ultrasonographic guidance
 (E) monitoring injection pressure during injection

T e goal o  peripheral nerve blockade is to deposit the 
local very close to, but not inside, the nerve. It has 
been shown  or decades that injection into nerve  as-
cicles leads to neurologic injury and/or permanent dis-
ability. Peripheral nerves can be thought o  as bundles 
o  tubular  ascicles that are enveloped and bound 
together by connective tissue, or epineurium. On the 
outer sur ace o  the “bundle o   ascicles” the epineu-
rium becomes condensed to  orm a relatively tough 
membrane that provides protection and structural 
integrity to the nerve.
 T ere are several measures that have been used to 
avoid pushing a needle through this outer epineurium. 
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FIG. 28-1. Sensitivity of various monitors for detecting venous 
air embolism. BP =  blood pressure, CO =  cardiac output,  
EtCO2 =  end tidal carbon dioxide, PAP =  pulmonary artery 
pressure, PD =  precordial Doppler, TEE =  transesophageal 
echocardiography.
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Ultrasound guidance allows the clinician to observe 
the needle approach but not violate the epineurial cov-
ering o  the nerve. T is is a good monitor, but it relies 
on good needle-probe coordination and proper inter-
pretation o  the image. Similarly, it has been demon-
strated that during electrical nerve stimulation, the 
presence o  a motor response at currents less than 
0.2 mA are associated with intraneural needle tip 
placement. In this situation it is wise to withdraw the 
needle and reestablish its position. It has been shown 
that i  a needle is abutting the epineurium o  the nerve, 
the  orce required to initiate f ow through the needle 
tip is almost always high (> 15 psi); monitoring the 
resistance to injection is an important sa ety tool to 
prevent inadvertent needle entry into the nerve. T is is 
a nonspeci c monitor—i.e., high injection pressures 
can be achieved with blockage o  the needle lumen by 
tissue or clot, or needle positioning up against  ascia or 
bone. However, i  f ow can be initiated with low pres-
sures, then it is very unlikely that it is in a dangerous 
location with respect to nerve injury.
 Low-angle (i.e., 30 degrees) beveled needles are less 
likely to penetrate the outer epineurium compared to 
sharp needles. However, i  penetration does occur, 
sharp needles cause less  ascicular damage than do bev-
eled needles. In general, beveled needles are recom-
mended  or nerve blockade. T e size o  the needle is 
less relevant when it comes to preventing an intraneural 
injection, although nerve injury is less widespread 
when small needles do puncture the nerve, compared 
to that caused by large needles (i.e., 24 gauge vs. 19 
gauge).

Ref: Hadzic A. NYSORA  extbook of Regional Anesthesia and 
Acute Pain Medicine, 1st ed. New York, NY: McGraw 
Hill; 2007.

 14. Which o  the  ollowing arm positions is MOS  likely 
to result in changes in upper limb somatosensory 
evoked potentials during spinal surgery in the prone 
position?

 (A) arms tucked in at the side,  orearms supinated
 (B) arms tucked in at the side,  orearms pronated
 (C) arms extended above the head (“Superman-

style”)
 (D) arms abducted laterally 90°, elbows extended
 (E) arms abducted laterally 90°, elbows  lexed 90°

Upper extremity nerve injuries  ollowing anesthesia 
occur with a variety o  patient positions, including 

supine, lateral, prone, lithotomy, and beach chair, 
although the pattern and distribution might di  er 
between positions. Overall, the ulnar nerve is the 
most commonly injured location,  ollowed by the 
brachial plexus and then the median nerve. Other iso-
lated nerve injuries  ollowing anesthesia have been 
reported, including axillary nerve, radial nerve, and 
musculocutaneous nerve. It is generally agreed that 
stretch injury is the most common etiology due to 
non-anatomic positioning o  the upper limb in rela-
tion to the shoulder/neck; compression injuries are 
likely also common.
 Upper limb nerve injuries during prone procedures 
have been reported with nearly every type o  arm posi-
tion. SSEP changes have been observed with arms 
tucked by the patient’s side as well as with varying 
degrees o  abduction. However, the highest risk posi-
tion appears to be with the arms extended straight 
above the head, due to a large degree o  unnatural 
strain.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 15. Which o  the  ollowing statements regarding the use o  
pneumatic limb tourniquets  or surgery is  RUE?

 (A)  ourniquet cu   width is directly proportional to 
the in lation pressure required to occlude blood 
 low.

 (B)  he use o  a straight tourniquet cu   occludes 
blood  low with the same in lation pressure as a 
contoured cu  .

 (C)  ourniquet downtime, where the pressure is 
released  or a short period o  time be ore being 
rein lated, has been shown to reduce risk o  
injury.

 (D)  he pathophysiology o  nerve injury related to 
tourniquet use is primarily ischemic damage to 
the nerve  ibers.

 (E) When setting inflation pressure, limb occlu-
sion pressure should be directly measured.

 ourniquet-related nerve injuries occur at a rate o  
approximately 1 in 6,000  or upper limb and 1 in 3,500 
 or lower limb.  ourniquet cu  design plays a role in 
the risk o  injury. T e wider the cu , the less inf ation 
pressure is required to stop blood f ow. T ere ore,  
narrow cu s should be avoided as they require more 
pressure on the tissues to occlude f ow, compared to 
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wider cu s. Similarly, a contoured cu  occludes blood 
f ow at a lower inf ation pressure than does a straight 
(cylindrical) cu  o  equivalent width. While an attrac-
tive theory, the use o  tourniquet downtime as a pre-
ventive measure  or nerve or muscle injury has never 
been shown to be e ective.
 T e pathology o  nerve lesions related to tourniquet 
use is o ten attributed to compressive ischemia o  the 
nerve. However, most cases o  nerve damage have been 
shown to result  rom damage to the myelin sheath 
directly underneath the edges o  the cu , leading to a 
compressive neurapraxia.
 Limb occlusion pressure is the minimum pressure 
required to halt blood f ow. Studies have shown that 
the use o  limb occlusion pressure (plus a sa ety mar-
gin) as opposed to an empiric value (e.g., 300 mm Hg) 
leads to signi cantly lower inf ation pressures (up to 
19%–42% lower). In its 2009 Recommended Prac-
tices  or the Use o  Pneumatic  ourniquet, the Associa-
tion o  peri Operative Registered Nurses (AORN) rec-
ommended that tourniquet pressure  or normal adults 
be set at the limb occlusion pressure, plus a sa ety mar-
gin o  40 mm Hg  or limb occlusion pressures less than 
130 mm Hg, 60 mm Hg  or pressures 131 to 190 mm 
Hg, and 80 mm Hg  or those greater than190 mm Hg 
to account  or variations in systolic pressure through-
out the case. T e recommendation also advocated add-
ing 50 mm Hg in children. Limb occlusion pressure 
can be measured in variety o  ways. T e simplest is by 
an automated plethysmograph built into the tourni-
quet, which measures the occlusion pressures in the 
 rst 30 seconds o  the case. 

Ref: Hadzic A. NYSORA  extbook of Regional Anesthesia and 
Acute Pain Medicine, 1st ed. New York, NY: McGraw 
Hill; 2007.

 16. Which o  the  ollowing anesthetic techniques is 
LEAS  associated with postoperative peripheral 
neuropathies?

 (A) epidural anesthesia
 (B) lithotomy position
 (C) diabetes mellitus
 (D) pneumatic tourniquets
 (E) renal disease

Postoperative nerve injury occurs rarely, and estimates 
 rom the largest databases quote an incidence o  
roughly 0.02% to 0.04%. However, nearly 20% o  all 
claims in the closed-claims database involve injury to a 
speci c part o  the peripheral nervous system or spinal 
cord. Damage to three areas—the ulnar nerve, the bra-
chial plexus, and the lumbosacral root—account  or 
more than hal  o  all the peripheral nerve claims. Fac-
tors implicated in postoperative nerve injury can be 
classi ed into three categories: patient-related  actors, 
anesthetic-related  actors, and surgical-related  actors 
( able 28-1).

TABLE 28-1. Factors associated with peripheral nerve injury.

Patient  actors  Anesthetic  actors  Surgical  actors

Diabetes mellitus  Epidural anesthesia  Neurosurgery
Hypertension  Spinal  Orthopedics
Tobacco use  General anesthesia  Cardiac surgery

Peripheral nerve blockade  General surgery
Median sternotomy
Lithotomy position > 2 h
Prone position
Pneumatic tourniquet use

 Note that the patient disease  actors that are linked 
to postoperative injury share pathophysiologic  eatures 
that lead to decreased per usion o  small vessels, a pos-
sible contributing element to nerve injury a ter sur-
gery. T e type o  anesthetic technique may not appear 
to matter as much (with the exception o  monitored 
anesthetic care, which has a lower incidence o  nerve 
injury postoperatively), as the published rates a ter 
nerve block, neuraxial, and general all seem to be 
roughly similar. However, what might be di erent is 
the distribution o  speci c injury patterns. For exam-
ple, a ter general anesthesia, the ulnar nerve is the most 
susceptible nerve; neuraxial anesthesia is obviously 
likely to put the lumbosacral plexus at somewhat 
higher risk.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 
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 17. Sa ety maneuvers that may prevent the occurrence o  
an airway  re during upper airway laser surgery include 
all o  the  ollowing EXCEP :

 (A) maintaining the FiO2 < 30%
 (B) use o  a tube with a double cu  
 (C) use of a tube constructed from polyvinyl chlo-

ride (PVC)
 (D) use o  an operative bronchoscope
 (E) the avoidance o  nitrous oxide

T ree elements are required  or any  re to occur: heat 
(or a source o  ignition),  uel, and an oxidizer. Com-
mon heat sources in the operating room include the 
electrocautery unit, lasers, and the  ber-optic light 
cord. T ere are plenty o   uel sources in the operating 
room, including drapes, gauze, hair, linens, etc. In the 
case o  airway  res, the endotracheal tube is usually the 
 uel source and a laser (less commonly electrocautery) 
is the heat source. Oxygen itsel  is usually the oxidizer, 
but nitrous oxide also supports combustion, and dur-
ing per ormance o  airway surgery, the inspired con-
centrations o  these two gases should be as low as pos-
sible (i.e., use air i  possible).
 Airway  res during laser surgery occur when the 
laser comes in contact with the endotracheal tube. 
Certain tubes are f ammable and are not appropriate 
 or airway surgery, including the usual PVC tubes 
that are typically used  or most other cases, as well as 
silicone and red rubber tubes. T e practice o  wrap-
ping tubes in  oil tape is unsa e and should be dis-
couraged, as the tube can kink or parts can be le t 
unprotected where the tape  ails to overlap. Special-
ized laser tubes that are made o  metal (or rubber cov-
ered in metal) are made  or this purpose. T ey con-
tain two cu s that should be inf ated with saline 
mixed with methylene blue. In the event that the 
laser or a spark breaks the cu , the surgeon will be 
alerted to this event by a splash o  blue; the saline 
may also extinguish the  re. An alternative to using 
an endotracheal tube is to use an operative broncho-
scope, either with intermittent ventilation, jet venti-
lation, or spontaneous ventilation. Although there is 
less f ammable material in the airway, the downside 
to this is a less reliable FiO2.

Ref: Barash PG: Clinical Anesthesia, 7th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2013.

 18. A patient is being ventilated with 40% oxygen during 
laser coagulation o  laryngeal granulomas. Suddenly the 
surgeon shouts that the endotracheal tube has caught 
on  re. T e most appropriate FIRS  step should be to:

 (A)  urn o   the  lows on the oxygen  lowmeter.
 (B) Splash sterile saline into the  ield.
 (C) Immediately remove the burning endotracheal 

tube  rom the patient.
 (D)  urn o   the volatile agent.
 (E) Disconnect the tube from the circle circuit 

and remove the tube from the patient.

T e  rst priority in managing this situation is to pre-
vent further injury to the patient’s airway. Disconnect-
ing the endotracheal tube  rom the circuit deprives the 
 uel source o  its oxygen, and it can then be quickly 
removed. In contrast, i  oxygen (or nitrous oxide) con-
tinues to f ow through the tube while it is removed, 
this creates a blowtorch e ect, which will only serve to 
cause f ame injury to previously unburned areas o  the 
upper airway, tongue, and lips as it is withdrawn 
(Figure 28-2). Fiddling with f owmeter knobs will only 
waste precious time. T e disconnection o  the tube 
 rom the circuit and removal o  the tube can be done 
in one smooth, sequential action. 
 Airway injury can develop very rapidly  rom edema 
caused by thermal injury. Directly a ected areas will 
begin to swell immediately. Areas that were in direct 
contact with the f ame may still be injured as super-
heated air is inspired and the so t tissues o  the phar-
ynx and larynx act as a heat sink.  racheobronchial and 
pulmonary injuries associated with  res include reac-
tive airways  rom aerosolized irritants (especially plas-
tics), sloughing o  mucosa, di use microatelectasis 
 rom loss o  sur actant, and pulmonary edema  rom 
capillary leak. Once the damaged tube is removed, re-
intubation should be considered immediately, as the 
swelling and edema can quickly progress, making 
laryngoscopy di cult or impossible. A large tube 
should be placed, as bronchoscopy will almost cer-
tainly need to be per ormed, and removal o  charred/
sloughed airway tissue may be required.

Ref: Ap elbaum JL, Caplan RA, Barker SJ, et al. Practice 
Advisory for the Prevention and Management of Operating 
Room Fires: An Updated Report by the American Society  
of Anesthesiologists  ask Force on Operating Room Fires. 
Anesthesiology 2013:118:271–290.

Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012.
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A  B

C

FIG. 28-2. A standard polyvinyl chloride 7.0 endotracheal tube on fire.  
A. Approximately 3 seconds after ignition while receiving 1 L of oxygen 
and 2 L of nitrous oxide, note the “blow torch.” B. Approximately 10 
seconds after ignition; the flame intensifies and is accompanied by a 
large volume of combustible products. C. Gas flows have been stopped, 
but the tube continues to burn vigorously. (Courtesy of Bil Ragan.)
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 19. T e e ect o  occupational exposure to an operating 
room environment is most likely to increase the risk o  
which one o  these events  or  emale workers?

 (A) spontaneous abortion
 (B) congenital cle t lip abnormalities in o  spring
 (C) autism in o  spring
 (D) breast cancer
 (E) sensorineural hearing loss

T ere have been several large-scale epidemiologic 
studies looking at the e ect o  working in the operat-
ing room on worker health. Hazards include the e ect 
o  trace gases  rom the anesthetic, radiation, exposure 
to allergens (especially latex), in ections, and noise 
 rom saws and other instruments. Most o  these stud-
ies are f awed in one or more ways, as multiple con-
 ounders exist and important data such as degree and 
duration o  anesthetic exposure is missing. For exam-
ple, early studies showed an association with working 
in the operating room and an increased risk o  sponta-
neous abortion and congenital abnormalities in 
women. However, other results conf ict with this and 
demonstrate that  actors such as stress, night shi ts, 
and standing  or long periods o  time are more 
causative.
 Notwithstanding, the best evidence that we have 
does indeed suggest an increased relative risk o  sponta-
neous abortion  or  emale physicians and nurses who 
work in the operating room (RR =  1.3). T e evidence 
is not as robust  or congenital abnormalities. Nitrous 
oxide may be a causative  actor: polls o   emale dental 
hygienists working in o ces with unscavenged nitrous 
oxide revealed that these women were 2.6 times more 
likely to su er spontaneous abortion that those who 
worked in o ces where the gas was scavenged. One 
meta-analysis o  19 epidemiologic studies demonstrated 
that women with occupational exposure to anesthetic 
gases were at 50% higher risk o  spontaneous abortion. 
 T e data on cancer rates in operating room person-
nel su ers  rom the same weaknesses as other similar 
epidemiologic studies. However, women seem to have 
a slightly increased risk  or leukemia, lymphoma, and 
cervical cancer.
 NIOSH recommends exposure limits  or waste 
anesthetic gases o  2 ppm (1-hour ceiling)  or haloge-
nated anesthetic agents when used alone or 0.5 ppm o  

a halogenated agent and 25 ppm o  nitrous oxide 
(time-weighted average during the period o  anesthetic 
administration). T is body also recommends the  ol-
lowing to reduce nitrous oxide exposure: (1) monitor-
ing the air in operating rooms; (2) implementation o  
appropriate engineering controls, work practices, and 
equipment maintenance procedures; and (3) institu-
tion o  a worker education program. E orts aimed at 
reducing waste gases include  requent room air changes 
(standards  or operating room construction  rom the 
American Institute o  Architects require 15 to 21 air 
exchanges per hour), proper scavenging, attention to 
unnecessary circuit/mask/LMA leaks, and avoidance 
o  open delivery systems.
 T ere is no evidence that operating room workers 
su er hearing loss at a greater rate than the general 
population.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 20. T e initial drop in core body temperature during anes-
thesia is due to which o  the  ollowing  actors?

 (A) decrease in metabolic rate
 (B) redistribution of blood flow
 (C) radiation o  heat to the atmosphere
 (D) evaporation  rom skin and exposed tissues
 (E) conduction o  heat to the operating room table

T e core body temperature o  an awake human is main-
tained within a very narrow range (0.1°C–0.2°C). Out-
side this range, thermoregulatory mechanisms are acti-
vated, namely vasoconstriction  ollowed by shivering i  
the core temperature drops, or sweating i  the tempera-
ture rises.  onic vasoconstriction and arteriovenous 
shunting in the extremities keeps blood  rom losing heat 
to the distal extremities, which is why hands and  eet are 
typically several degrees colder than the core. 
 General anesthesia de eats this shunting in two 
ways. First, most anesthetics are inherent vasodilators. 
Second, anesthetics (including volatile agents and pro-
po ol) reduce the threshold at which vasoconstriction is 
activated. T is is a dose-dependent e ect, so as concen-
trations o  propo ol or partial pressures o  volatile agent 
increase, the patient will require a greater and greater 
degree o  hypothermia to initiate vasoconstriction  
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(Figure 28-3). In essence, the patient becomes poikilo-
thermic, until such time as their core body temperature 
 alls low enough to reach the “new” threshold and stim-
ulate vasoconstriction again.
  aken together, the loss o  vasoconstriction results 
in a net shi t o  heat  rom the core compartment (head, 
thorax, abdomen, and pelvis) to the peripheral com-
partment (Figure 28-4). T is so-called redistribution is 
responsible  or the vast majority o  core heat loss in the 
 rst 1 to 2 hours (~1.5°C). Note that the total amount 
o  heat in the body is roughly similar during this time, 
but it is distributed throughout a wider volume.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 2012. 

 21. O  the  our  undamental mechanisms o  heat trans er, 
which two are MOS  responsible  or the linear phase 
o  hypothermia during general anesthesia?

 (A) conduction and radiation
 (B) conduction and evaporation
 (C) convection and radiation
 (D) convection and conduction
 (E) evaporation and radiation

Intraoperative hypothermia  ollows a predictable 
three-phase pattern. T e  rst phase, lasting 1 to 
2 hours, is redistribution o  heat  rom the core to 
periphery. Following this, the next 2 to 4 hours are 
characterized by a slow, linear decrease in core tem-
perature (the linear phase), which can be quanti ed as 
the di erence between heat production and heat loss. 
Heat production is reduced in anesthetized patients 
due to a decrease in the metabolic rate. T e third phase 
is termed the plateau phase and is characterized by an 
attenuation o  the heat loss due to reactivation o  the 
vasoconstrictive shunts in the limbs (Figure 28-5).
T ere are  our  undamental means o  heat loss:
1. Radiation: the loss o  heat as in rared heat rays are 

emitted  rom an object and strike another object in 
their path.  hese emanate  rom all objects that exist 
above absolute zero, with intensity o  the radiation 
increasing as temperature increases.

2. Convection: the loss o  the thin layer o  warm air on 
top o  the skin by displacement with cold air (i.e., 
wind chill).
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FIG. 28-3. The effect of anesthetic concentration on thermoregulatory thresholds.
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FIG. 28-4. Redistribution of heat from the core compartment to 
the peripheral compartment. (A) Normal temperature gradient 
between core and peripheral compartments; (B) with loss of 
arteriovenous shunting in hands/feet, blood flow to the limbs 
increases; (C) redistributed heat map, with a lowered core 
compartment temperature and an elevated peripheral 
compartment temperature.
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3. Conduction: the trans er o  heat directly  rom one 
sur ace to another sur ace o  a lower temperature 
(e.g., the mattress).

4. Evaporation: loss o  heat required to convert water 
into vapor.

Since only a relatively small body sur ace area is in con-
tact with the operating room mattress, there is little 
heat loss by conduction; in addition,  oam mattresses 
are good insulators and do not accept heat readily. 
Evaporation can play a larger role in procedures with 
large skin incisions and exposure o  internal organs to 
the ambient air, but this is not typically a big  actor in 
heat loss. Most heat is lost through radiation and con-
vection. Forced-air warmers reduce the impact o  both 
o  these processes.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012. 

 22. Which o  the  ollowing BES  describes the di erence 
in mechanisms o  hypothermia with neuraxial vs. gen-
eral anesthesia?

 (A) Redistribution only plays a minor role in  
hypothermia.

 (B) Patients will complain o   eeling cold  aster.
 (C) Active vasoconstriction during the plateau 

phase is impaired.
 (D)  here is relatively little convection o  heat.
 (E) Intraoperative shivering is decreased.

Regional anesthesia results in vasodilatation o  the 
blocked area and an increase in temperature o  the skin 
in that part o  the body (e.g., legs/pelvis with neuraxial). 

T is inhibits the central control o  thermoregulation by 
“tricking” the regulatory system into accepting core 
temperatures that are actually lower than normal with-
out triggering a response. Moreover, regional anesthesia 
directly inhibits the ability o  the sympathetic system to 
actively respond, even once this lowered threshold has 
been reached. Redistribution accounts  or approxi-
mately 80% o  the 0.8°C reduction in core body tem-
perature seen in the  rst hour. Even though regional 
anesthesia results in a cooling o  the body, patients 
o ten  eel warmer a ter the block, likely due to the same 
misinterpretation o  the a erent impulses, and are less 
likely to complain o   eeling cold. Despite this, it is not 
unusual  or patients to begin to shiver under regional 
anesthesia. Unlike general anesthesia, stabilization o  
the temperature during the plateau phase rarely occurs 
because continued sympathetically mediated vasodila-
tion permits continued heat loss.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012. 

 23. Which o  the  ollowing BES  describes the cardiac 
e ects o  mild (~1.3°C) postoperative hypothermia 
compared with normothermia?

 (A)  here is a cardioprotective e  ect.
 (B)  here is an increased risk o  atrial  ibrillation.
 (C)  here is decreased myocardial contractility.
 (D) There is an increased risk of myocardial  

ischemia.
 (E)  here is no di  erence in cardiac outcomes.

Mild hypothermia activates the adrenergic system, 
increasing the circulating levels o  both norepineph-
rine (by 3–4 times) and epinephrine. T e combined 
e ect o  this catecholamine surge serves to drive an 
increase in myocardial work, including heart rate, con-
tractility, and rate-pressure product. In healthy volun-
teers, this is matched by a corresponding dilation o  
the coronary circulation. However, in those with f ow-
limiting atherosclerotic lesions, the increased oxygen 
demand associated with the cold-induced catechol-
amine surge may predispose to myocardial ischemia.
 Frank et al. compared passive thermal warming 
(simple drapes) to active warming ( orced-air warm-
ing) in 300 high-risk patients undergoing abdominal, 
vascular, or thoracic surgical procedures. On arrival to 
the ICU, the di erence in mean core temperatures was 
1.3°C. A ter monitoring  or 24 hours, patients who 
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received active warming were 55% less likely to experi-
ence a morbid cardiac event, de ned as unstable 
angina/ischemia, cardiac arrest, or myocardial in arc-
tion. In addition, patients in the passive warming 
group were three times as likely to have an episode o  
ventricular tachycardia. 

Ref: Frank SM, Fleisher LA, Breslow MJ, et al. Perioperative 
Maintenance of Normothermia Reduces the Incidence of 
Morbid Cardiac Events. A Randomized Clinical  rial. 
JAMA 1997;277:1127–1134.

 24. Which o  the  ollowing is NO  a known e ect o  peri-
operative hypothermia?

 (A) increased incidence o  wound in ection
 (B) increased risk  or blood loss and trans usion 

requirements
 (C) decreased affinity of hemoglobin for oxygen
 (D) bronchorrhea
 (E) increased duration o  neuromuscular blockade

Hypothermia is known to increase the risk o  wound 
in ections ( or example, by a  actor o  3 in colonic 
resection patients) by two main mechanisms. First, 
hypothermia is known to directly impact both cellular 
and humoral immune  unction, including impairment 
o  natural killer cells, macrophages, and neutrophils. 
In addition, lowering o  the skin temperature results in 
thermoregulatory vasoconstriction, decreasing the 
oxygen tension in the area o  the incision.
 Bleeding and the need  or trans usion are both sig-
ni cantly increased with even mild (~0.85°C) hypo-
thermia. T is is multi actorial, as both coagulation  ac-
tor enzymatic  unction and qualitative platelet  unction 
are reduced.
 T e e ects o  hypothermia on the pulmonary sys-
tem include tachypnea, depression o  the cough ref ex, 
and an increase in secretions (e.g., “cold bronchor-
rhea”). Importantly, hypothermia causes a le t-shi t o  
the oxy-hemoglobin dissociation curve, which 
decreases the ability o  the molecule to unload oxygen 
at the tissue level  or a given oxygen tension (i.e., there 
is an increased a nity  or oxygen).
 Hypothermia has pharmacologic e ects. T e dura-
tion o  action o  vecuronium is more than doubled in 
patients with a core temperature 2°C less than normal. In 
other words, the duration o  action o  vecuronium in 
these patients exceeds that o  pancuronium in normo-
thermic patients. T is e ect is also true o  rocuronium 
and, to a lesser extent, atracurium. T e tissue solubility 

o  volatile anesthetics increases with hypothermia, mean-
ing that the anesthetic content o  the body is increased 
when the patient is cooled. T is does not a ect potency 
(remember: potency is a  actor o  partial pressure, not 
concentration), but may prolong recovery as more anes-
thetic needs to be washed out. MAC decreases by about 
5%/°C. T ere ore, at 20°C, MAC is zero and no anesthe-
sia is required. Hypothermia increases the steady-state 
concentration o  both propo ol and  entanyl, probably 
due to reduced inter-compartmental clearances between 
the core and peripheral compartments.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 2012. 

 25. Which o  the  ollowing is the BES  strategy in order 
to minimize the initial redistribution phase o  hypo-
thermia?

 (A) preoperative administration o  vasoconstrictors
 (B) preoperative forced-air warming for 1 to  

2 hours
 (C) elect to use spinal anesthesia when possible
 (D) wrap the patient’s head in a piece o  clear plastic 

once under general anesthesia
 (E) use o  a simple cotton blanket

T e redistribution phase o  core temperature reduction 
involves a loss o  tonic thermoregulatory vasoconstric-
tor arteriovenous shunts in the hands and  eet, and an 
increase in blood f ow to the normally cooler limbs. I  
these shunts are de eated before anesthesia is induced, 
then there is no gradient  or core heat loss, and the 
redistribution phase becomes negligible. T is is accom-
plished by one o  two methods. T e  rst is cutaneous 
“pre-warming” with  orced-air warming. In order to be 
e ective, the temperature o  the limbs must match 
core temperature, which is why this needs to be initi-
ated 1 to 2 hours prior to induction. An alternative is 
to prescribe vasodilators (e.g., ni edipine) starting the 
night be ore surgery and continuing on the morning 
o  surgery to pharmacologically induce a vasodilation. 
Both o  these methods have been success ul in reduc-
ing the drop in core temperature usually seen in the 
 rst 1 to 2 hours o  general anesthesia.
 Forced-air warming is a highly e ective means o  
preventing heat loss and treating hypothermia. Most 
o  the body’s heat is lost through the skin by radiation 
and convection, and modern  orced-air warming sys-
tems can trans er more than 50 W across the skin sur-
 ace, counteracting both o  these mechanisms. Carbon 
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 ber electric blankets that cover the patient’s skin 
sur ace appear to be as e ective as  orced-air warming, 
and are less bulky. In addition, air currents, which have 
been implicated by some investigators in an increase in 
colony- orming units on the sterile  eld, are not cre-
ated with electric blankets.
 Passive insulation with blankets, plastic, and metallo-
plastic covers (“space blankets”) work to create and main-
tain a thin layer o  warm air between the cover and the 
skin. As such, they all tend to be o  equal e cacy. A sin-
gle layer o  passive insulation can be expected to decrease 
cutaneous heat loss by about 30%. Additional layers o  
blankets do not add much  urther bene t. Radiant heat-
ers (“ rench  ry lamps”) can be e ective, especially when 
parts o  the body cannot be covered by  orced-air warm-
ing covers (e.g., small children and in ants). 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012. 

 26. Which o  the  ollowing locations gives the most accu-
rate result when monitoring core body temperature? 

 (A) tympanic membrane
 (B) bladder
 (C) axilla
 (D) esophagus
 (E) rectum

Core temperature can be monitored accurately in a 
number o  locations. T e pulmonary artery, nasophar-
ynx, esophagus, and tympanic membrane are all located 
in the highly per used core compartment and should 
ref ect core temperature in most situations. Esophageal 
temperature may not ref ect true core temperature in 
the setting o  thoracic or liver surgery, or when a naso-
gastric tube is adjacent to the thermistor. Bladder tem-
perature appears to ref ect core temperature reliably in 
steady-state situations, but less so when temperatures 
are dynamic, such as during cardiopulmonary bypass. 
Similarly, rectal temperature can be reliable, and is 
especially use ul during neuraxial anesthesia, but 
appears to have poor correlation with increases in tem-
perature during malignant hyperthermia. Skin temper-
atures are imprecise; axillary measurements can corre-
late well to core temperature, but the thermistor must 
be positioned exactly over the axillary artery and the 
arm must be at 0° to the thorax.
  ympanic membrane temperature monitoring is 
ideal, as it is very close to the brain, and ref ects core 

temperature even in dynamic situations such as rapid 
cooling or rewarming. Furthermore, evaluation o  
tympanic membrane temperature is easy and sa e to 
per orm, even in awake patients, especially with in ra-
red thermometers.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012. 

 27. Which o  the  ollowing is NO  a characteristic  eature 
o  heat stroke?

 (A) advanced age
 (B) hypertension
 (C) multiorgan system  ailure
 (D) altered mental status
 (E) rhabdomyolysis

Heat illness can be classi ed into heat exhaustion and 
heat stroke. Heat exhaustion is characterized by a tem-
perature o  up to 39°C, f u-like symptoms, myalgias, 
malaise, and nausea/vomiting. T e primary problem is 
hypovolemia, and treatment centers on e ective vol-
ume repletion.
 Heat stroke is a li e-threatening condition caused 
by a marked elevation in body temperature (i.e., 
41°C). T ere are two types o  heat stroke: classic heat 
stroke usually occurs when the environment is 
extremely hot (e.g., heat waves in the summer) in 
elderly or debilitated, those with severe heart  ailure, 
or those with a history o  alcohol/drug abuse; exer-
tional heat stroke typically occurs in young athletes 
and soldiers who are made to work  or long periods o  
time with inadequate rest and hydration. Besides a 
hot environment, one o  the risk  actors is ambient 
humidity, as evaporation becomes ine ective above a 
relative humidity o  75%. 
 An increase in temperature results in an increase in 
oxygen consumption and metabolic rate, tachypnea, 
and tachycardia. Above 42°C, oxidative phosphoryla-
tion becomes uncoupled, and many enzymes cease to 
 unction. Blood becomes shunted away  rom the GI 
tract to the skin and muscles, leading to intestinal 
ischemia and increased risk  or translocation o  bacte-
ria. A cytokine-related inf ammatory response is 
mounted. 
 Clinical signs o  heat stroke include skin f ushing, 
neurologic dys unction (e.g., dizziness, altered speech, 
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agitation, delirium, convulsions, and coma), hypovole-
mia and hypotension, pulmonary edema, rhabdomy-
olysis, acute kidney injury, disseminated intravascular 
coagulation, hepatic injury, and hypoglycemia. Mortal-
ity is in the range o  20% to 65%, and is related to the 
degree o  temperature elevation, the time to initiate 
cooling measures, and the number o  systems involved. 
  reatment begins with initial resuscitative measures 
with attention to airway, breathing, and circulation. 
Cooling measures are the primary means o  decreasing 
morbidity and mortality, and include misting with 
cool spray, cold water immersion, and application o  
ice packs to the axillae, neck, and groin. More invasive 
measures include thoracic, peritoneal, and gastric 
lavage. However, peritoneal lavage is contraindicated 
in pregnant patients and those with prior abdominal 
surgery. Gastric lavage requires endotracheal intuba-
tion  or airway protection and has been associated with 
water intoxication.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012. 

 28. Which o  the  ollowing strategies is LEAS  e ective in 
preventing intraoperative bronchospasm in an asth-
matic patient scheduled  or open inguinal hernia 
repair?

 (A) advise preoperative smoking cessation o   
2 months’ duration

 (B) use o  a laryngeal mask airway (vs. an  
endotracheal tube)

 (C) use of atracurium as the neuromuscular 
blocking agent

 (D) prescribing oral methylprednisolone 40 mg daily 
 or 5 days

 (E) use o  ketamine as an induction agent

Bronchoconstriction in a patient with inherently reac-
tive airways can be provoked by a large number o  
stimuli ( able 28-2). 

 Many o  these  actors are modi able. Smokers 
should be advised to stop 2 months ahead o  time, i  
possible, to allow  or the greatest degree o  ciliary 
mucus clearance recovery. I  the disease is severe 
enough, adding corticosteroids, either inhaled or oral, 
has been shown to decrease post-intubation wheezing 
in poorly compliant patients. A dose o  40 mg PO 
methylprednisolone  or 5 days is unlikely to cause 
adrenal suppression unless the patient has been on sys-
temic steroids  or more than 2 weeks in the past 
6 months and is undergoing a major procedure with a 
large expected stress response. Inhaled bronchodilators 
should be administered up until and including the 
morning o  surgery, either by nebulizer or MDI (either 
is e ective i  done correctly). Anticholinergic therapy 
such as glycopyrrolate can suppress airway vagal tone 
and dry secretions.
 Drugs that release histamine can induce broncho-
spasm, such as mivacurium, atracurium, and morphine. 
Ketamine is probably the best choice  or induction 
agent, provided no contraindications, as it induces 
bronchodilation by release o  catecholamines. Co-
administration o  an antisialagogue is recommended 
because o  ketamine’s propensity to cause salivation. 
Anesthetic maintenance is o ten carried out with volatile 
anesthetics, as the potent agents are known vasodilators; 
desf urane, however, has been shown to provoke bron-
chospasm in smokers. Avoidance o  endotracheal intu-
bation and extubating patients have long been a  unda-
mental consideration  or management o  the asthmatic 
patient. Laryngeal mask airways aid in this task by 
avoiding direct contact o  the tracheal mucosa and pre-
venting secretions  rom entering the subglottic airway.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 29. A 21-year-old patient is admitted to the ICU with sta-
tus asthmaticus. Her arterial blood gas reveals a PaO2 
o  72 mm Hg and a PaCO2 o  46 mm Hg on a non-
rebreather oxygen mask. Her peak f ow rate is 35% o  
baseline. Which o  the  ollowing therapies is MOS  
likely to improve her condition?

 (A) theophylline
 (B) helium-oxygen (heliox)
 (C) broad-spectrum antibiotics
 (D) intravenous magnesium
 (E) leukotriene receptor antagonist therapy

TABLE 28-2. Factors that trigger bronchospasm.

Intrinsic  Medications  Anesthetic related

Increased secretions  Neuromuscular blockers  Latex
Increased vagal tone  Antibiotics  Endotracheal tubes
Acute respiratory 

infection
Beta-blockers  Nonhumidified gas
Protamine  Airway suctioning
Morphine  Extubation
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T is patient’s blood gas demonstrates hypoxemia in the 
 ace o  an augmented FiO2, which is usually only seen in 
severe cases o  asthma. Similarly, hypercarbia is a late 
sign indicating respiratory muscle  atigue and signals 
imminent respiratory  ailure. Recommended therapeu-
tic interventions  or patients with severe asthma include:
• Oxygen, titrated to keep SaO2 > 90%.
• Inhaled beta-agonists. Administered either by nebu-

lizer or by MDI, inhaled beta-2 agonists are a main-
stay o  initial treatment.

• Inhaled anticholinergics. Ipratropium 500 mcg every 
20 minutes × 3 doses, then prn has been shown to 
provide better improvement in bronchodilation 
when combined with albuterol than albuterol alone 
 or severe asthma treated in the ICU.

• Systemic glucocorticoids.  his is essential  or re rac-
tory bronchospasm to relieve the airway in lamma-
tion and mucus plugging.  hese should be given in 
intravenous  orm  or patients in extremis; most 
severe attacks will require a 10- to 14-day course.

• Magnesium sul ate. IV magnesium (2 g) is recom-
mended  or patients with li e-threatening asthma or 
those whose condition remains severe (peak  low 
< 40%) a ter 1 hour o  conventional therapy.  wo 
systematic reviews have shown it adds value to con-
ventional treatment in severe attacks.

• Anesthetic agents. Both inhaled volatile agents and 
ketamine have been reported to be e  ective in case 
reports, although more robust evidence o  their e  i-
cacy is lacking.

T e decreased density o  helium-oxygen (heliox) is the 
theoretical basis  or improving airf ow, but e cacy 
data is conf icting. Also, its use in severe asthma may 
be limited by its limited FiO2 (e.g., 30%). Methylxan-
thines such as theophylline have been shown to be 
ine ective and predispose to side e ects when com-
bined with beta-2 agonists. Empiric antibiotics play no 
role in the acute management o  status asthmaticus.

Ref: Hall JB, Schmidt GA, Kress JP. Principles of Critical 
Care, 4th ed. New York, NY: McGraw Hill; 2015.

 30. T e prevalence o  latex allergy among health care work-
ers is approximately:

 (A) 1%
 (B) 4%
 (C) 12%
 (D) 16%
 (E) 20%

Latex allergy developed as a signi cant health concern 
in the 1980s with the adoption o  universal precau-
tions in response to the HIV epidemic. T e estimated 
prevalence o  latex allergy o  4% among health care 
workers is distinctly higher than that o  the general 
population (0.8%). 
 Natural latex is the milky sap  rom the rubber tree 
Hevea brasiliensis. T e processing o  the raw product 
involves the addition o  preservatives, accelerators, and 
oxidants to impart strength and stretchability to the 
rubber. T ere are no less than 14 antigenic proteins in 
natural latex, and these can be modi ed by the manu-
 acturing process. T ere has been a well-documented 
association o  latex allergy in those individuals with 
allergies to banana, kiwi, avocado, and chestnut. T e 
protein portion in the product leads to a  ype I hyper-
sensitivity reaction (IgE-mediated urticaria and/or 
anaphylaxis); the chemicals present in the latex lead to 
the type IV reaction sometimes seen (contact 
dermatitis). 
 Latex exposure can occur via a number o  routes, 
but mucosal and respiratory routes are the most impor-
tant. Latex allergens are absorbed into the cornstarch 
powder and become aerosolized, leading to respiratory 
symptoms in hospital personnel. A move away  rom 
powdered gloves has been made  or this reason. Many 
hospitals have moved to a completely nonlatex environ-
ment to prevent this occupational and patient sa ety 
hazard.

Ref: Bousquet J, Flahault A, Vandenplas O, et al. Natural 
Rubber Latex Allergy Among Health Care Workers: A System-
atic Review of the Evidence. J Allergy Clin Immunol 
2006;118:447–454.

 31. Which o  the  ollowing is LEAS  likely to be a present-
ing  eature o  anaphylaxis during general anesthesia?

 (A) rash
 (B)  lushing
 (C) di  iculty ventilating
 (D) pulselessness
 (E) hypotension

 ype I, IgE-mediated hypersensitivity reactions, also 
known as anaphylaxis, are  atal in 3% to 10% o  all 
cases, and prompt recognition o  the syndrome and 
initiation o  treatment is critical. T is can be 
complicated by sedation and anesthesia while in the 
operating room, and the need to rely on objective 
signs. T e most common initial presenting sign o  ana-
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phylaxis is severe hypotension and/or pulselessness 
(28% o  patients),  ollowed by high airway pressures/
di culty ventilating lungs (26%), and f ushing (21%). 
Less common presenting signs include coughing (6%), 
rash (4%), and desaturation, cyanosis, EKG changes, 
wheezing, and urticaria (total 15%).
 Mucocutaneous signs such as rash and urticaria are 
less common in moderate to severe anaphylactic reac-
tions. T is is likely because the signi cant hypotension 
caused by vasodilatation and capillary leak leads to a 
shunting o  per usion away  rom the skin and muscle 
tissue to critical organs such as the heart, brain, and 
kidneys. As such, circulating antigen may not be  
delivered to subcutaneous mast cells in su cient con-
centration to provoke the wheal-and-f are response. 
Any histamine (or other mediators) that is released 
subcutaneously may not be enough to overcome the 
shunting o  blood away  rom the skin. Once the blood 
pressure is stabilized, the cutaneous signs  requently 
appear, as per usion returns to the skin tissues. 
Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 

Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012. 

 32. Which o  the  ollowing is NO  indicated  or the initial 
management o  anaphylaxis? 

 (A) albuterol
 (B) hydrocortisone
 (C) epinephrine
 (D)  luids
 (E) ranitidine

Anaphylaxis starts with exposure to an antigen (e.g., 
rocuronium, latex, peanuts). Usually the  rst exposure is 
unremarkable clinically, but this results in the generation 
by B cells o  speci c antibodies against this antigen. T ese 
are expressed on the sur ace o  two types o  cells. Mast 
cells are located in subcutaneous connective tissue and in 
the mucosa o  the lung and gut; basophils are circulating 
granulocytes. Upon subsequent exposure to the same 
antigen, mast cells and basophils release the contents o  
their granules into the tissues (skin, lung, gut) and blood-
stream. T ese granules contain a variety o  vasoactive and 
inf ammatory mediators such as prostaglandins, leukotri-
enes, proteoglycans, proteases, heparin, and platelet-acti-
vating  actor; however, by  ar the most important media-
tor is histamine. Histamine is a potent vasodilator and 
increases capillary permeability. T is largely explains the 
clinical picture o  anaphylaxis and the  our target systems: 

skin (erythema, urticaria, angioedema), respiratory 
(edema, bronchospasm), cardiovascular (vasodilation, 
hypovolemia), and GI (mucosal edema, diarrhea). 
 Epinephrine is the drug o  choice  or anaphylaxis. 
T e alpha-1 agonism reverses vasodilation, and the 
beta-2 agonism reverses bronchoconstriction. Epi-
nephrine also aids in preventing the release o   urther 
mediators  rom mast cells and basophils. Fatalities dur-
ing anaphylaxis are usually due to a delay in adminis-
tration o  epinephrine. In the  rst 10 minutes, over 
50% o  a patient’s intravascular volume can be lost to 
capillary leak. Early and aggressive f uid therapy is 
there ore important. In mild cases where wheezing is 
the primary component, nebulized albuterol may be 
help ul, although epinephrine should be administered 
i  cardiovascular signs begin to mani est. Early IV cor-
ticosteroids are recommended  or their anti-inf amma-
tory e ects, especially i  angioedema and broncho-
spasm are components o  the reaction. T ese drugs 
take time to take e ect; o ten 4 to 6 hours will pass 
be ore an e ect is seen. Hydrocortisone is the  astest-
acting steroid.
 Histamine blockers make intuitive sense, since this 
is the ligand that is implicated in most o  the disease 
process. However, histaminergic pharmacodynamics is 
complicated ( able 28-3).

TABLE 28-3. Ef ect o  histamine 1 and 2 receptor activation 
on various tissues.

Ef ect  H1 receptor  H2 receptor

Positive chronotropism �
Positive inotropism �
Coronary vasodilatation �  �
Decreased SVR �  �
Increased vascular permeability �
Bronchoconstriction �
Bronchodilation �
Pulmonary vasoconstriction �
Pulmonary vasodilation �

 In general, histamine-1 blockers (e.g., diphenhydr-
amine) are thought to be relatively benign in early 
anaphylaxis, although later use in cardiovascular col-
lapse is controversial. Histamine-2 blockers (e.g., 
ranitidine,  amotidine) are not recommended, as they 
can block the help ul e ects o  histamine on positive 
inotropy and chronotropy, as well as coronary 
vasodilation.

Refs: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 2012.
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Brunton LL, Chabner BA, Knollman BC. Goodman & Gil-
man’s the Pharmacological Basis of T erapeutics, 12th ed. 
New York, NY: McGraw Hill; 2011. 

 33. Which o  the  ollowing is the most common class o  
substances to cause intraoperative anaphylactic reactions?

 (A) antibiotics
 (B) propo ol
 (C) neuromuscular blockers
 (D) latex
 (E) local anesthetics

Muscle relaxants account  or 70% o  all anaphylactic 
reactions under anesthesia. T e benzylisoquinolines are 
more likely to cause a reaction than are the 
aminosteroids. Anaphylaxis has been reported with this 
class o  drugs on  rst exposure, which suggests that 
there is cross-reactivity with another non-neuromuscular 
agent. Some studies have shown that there is indeed 
cross-reactivity to some cosmetic products.
 Antibiotics are certainly a class that has known 
allergens, although the incidence o  reactions to con-
temporary antibiotics is not nearly what it was with 
penicillin. In the early days o   rst-generation cephalo-
sporins, there was cross-contamination o  the vials 
with penicillin, which led to the o t-repeated 10% 
cross-sensitivity with this group o  drugs. However, the 
 ormulations are much purer today, and i  a patient 
gives a remote or questionable history o  penicillin 
allergy (i.e., denies anaphylaxis), it is probably sa e to 
administer a cephalosporin.
 Latex allergy is responsible  or approximately 12% 
to 13% o  all anesthetic allergic reactions. High-risk 
individuals include the very atopic patient, children 
undergoing multiple procedures and/or bladder cath-
eterizations, health care workers and those with other 
occupational latex exposure, and those with an allergy 
to bananas, chestnuts, kiwi, and avocado.
 While thiopental has a reported incidence o  1 in 
30,000 doses, there appears to be no cases o  metho-
hexital hypersensitivity. Similarly, allergic reactions to 
etomidate and ketamine are exceedingly rare. Propo ol 
is  ormulated in a lipid vehicle containing soybean oil, 
egg lecithin, and glycerol. T ose with a soy allergy 
should avoid this drug. Since there is no egg protein 
component to the emulsion, however, those with egg 
allergies are likely to be sa e. 
 Synthetic colloids (hydroxyethyl starches, dextran, 
and gelatins) account  or 4.5% o  allergic reactions. 
Hyperosmolar, iodinated contrast dye can cause an 

anaphylactoid reaction, which is a direct (i.e., not IgE-
mediated) degranulation o  mast cells and basophils. 
Clinically, anaphylactoid and anaphylactic reactions 
are indistinguishable.
 Most other classes o  drugs that are used in typical 
anesthetic practice, including opioids and local anes-
thetics, are not associated with anything but a very 
remote risk o  allergic reaction.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012. 

 34. Which o  the  ollowing diagnostic tests should be per-
 ormed the same day as the anaphylactic reaction?

 (A) serum histamine
 (B) serum tryptase
 (C) mast cell count
 (D) immunoglobulin E assay
 (E) radioallergosorbent test (RAS )

 reatment o  the signs and symptoms o  anaphylaxis 
is always the  rst priority, and per orming diagnos-
tic tests is o  secondary importance. However, once 
the patient is stabilized, it is help ul to send o  a 
serum tryptase to con rm the diagnosis o  an allergic 
reaction.  ryptase is a pre ormed neutral protease 
that is released  rom mast cells. Its serum hal -li e is 
approximately 3 hours, compared with 3 minutes 
 or histamine, making it a use ul marker that can 
still be obtained once the crisis has been treated. It 
is recommended that three samples be taken to cre-
ate a concentration curve over the  rst day: the  rst 
immediately a ter the reaction has been treated, the 
second about 1 hour later, and the third at 6 to 
24 hours. Baseline tryptase levels are usually in the 
range o  0.8 to 1.5 ng/mL. Elevations greater than 
20 ng/mL are considered diagnostic o  an anaphy-
lactic reaction. 
 Once con rmed, the patient should be re erred to 
an allergist where they can undergo one or more tests. 
RAS  involves exposing a disk coupled with a speci c 
antigen (usually a drug in the anesthesia setting) to 
patient serum. However, the gold standard  or deter-
mining sensitivity in IgE reactions is skin testing. T e 
basis  or this is to inject a small amount o  suspected 
antigen into the dermis and observe the reaction. T ere 
is a small risk o  anaphylaxis during skin testing. 
Patients with extensive skin lesions, those who are tak-
ing antihistamines, or those who have had a recent 
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episode o  anaphylaxis should avoid skin testing and 
undergo RAS  instead.
 Once a diagnosis is made, there is no bene t in pre-
treating allergic patients with histamine 1 or 2 block-
ers, or corticosteroids during subsequent anesthetics. 
Although they could potentially minimize the severity 
o  anaphylaxis, these medications also blunt the early 
signs o  an anaphylactic reaction, which can lead to a 
delay in diagnosis until  ull-blown cardiovascular col-
lapse is the presenting sign. T e best strategy is to avoid 
the most potent allergens.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012. 

Directions: Use the following scenario to answer ques-
tions 35–37.
A 25-year-old male is emerging  rom an unevent ul general 
anesthetic  or a laparoscopic hernia repair. He has mild 
asthma  or which he takes albuterol inhalers as needed, but 
has had no recent exacerbations or respiratory tract 
in ections. He is on no other medications, has a good exer-
cise tolerance, and a clear chest exam. T e resident extubates 
the patient prior to awakening with an end-tidal sevof urane 
concentration o  1% in order to decrease the risk o  bucking 
on the endotracheal tube. Shortly therea ter, the patient 
coughs and begins to exhibit labored breathing, with high-
pitched inspiratory sounds. Despite a good  ace mask  t, 
tidal volumes are minimal.

 35. Which o  the  ollowing is the most likely diagnosis 
given the above scenario? 

 (A) anaphylaxis
 (B) bronchospasm
 (C) laryngospasm
 (D) airway  oreign body
 (E) pneumothorax

Laryngospasm is a ref exive closure o  the vocal cords 
caused by light anesthesia and the presence o  airway 
irritants such as saliva, blood, or  oreign bodies. T e 
protective ref ex begins with stimulation o  the multi-
tude o  mechanoreceptors, chemoreceptors, and ther-
mal receptors located in the larynx. T ese are highly 
concentrated at the posterior aspect o  the vocal cords. 
A erent stimulation o  these receptors results in a 
ref ex tonic contraction o  the intrinsic laryngeal mus-

cles, leading to adduction o  the cords as well as descent 
o  the epiglottis. Laryngospasm can be classi ed as 
either partial (with some gas exchange occurring and 
noisy, stridorous breathing) or complete (where the 
cords are  rmly apposed, and no gas exchange is occur-
ring despite the e orts o  the patient). T e incidence o  
laryngospasm has been estimated at 0.9%  or patients 
o  all ages, although that rate doubles in children under 
9 years o  age and triples  or those under 3 months o  
age.
 Although this patient has reactive airways disease, 
clues that this is more likely laryngospasm include the 
timing (immediately a ter extubation), the end-tidal 
volatile concentration (1% sevof urane is approxi-
mately 0.5 MAC, which is likely too light  or proper 
“deep” extubation), and the presence o  high-pitched 
inspiratory sounds (i.e., stridor). Expiratory wheezes 
are  ar more likely with bronchospasm. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012. 

 36. T e patient begins to desaturate to an SpO2 o  89%. 
Which o  the  ollowing therapies is most likely to result 
in success ul termination o  this event? 

 (A) nebulized albuterol
 (B) racemic epinephrine
 (C) IV steroids
 (D) needle decompression o  the chest
 (E) succinylcholine

Once laryngospasm has been diagnosed, attempts to 
“break” it should be made immediately. Deepening the 
patient by the administration o  IV propo ol 
(30–50 mg) is sometimes e ective, as is a jaw thrust 
maneuver. Frequently, all that is required to halt the 
ref ex is the application o  positive pressure with  
the  ace mask. However, complete airway obstruction 
due to laryngospasm cannot be treated with positive 
pressure and will only serve to press the arytenoepi-
glottic  olds more closely together and  orce air into 
the stomach. I  airway maneuvers do not work,  
succinylcholine should be administered either IV 
(0.1 mg/kg) or IM (3 mg/kg).

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012. 
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 37.  en minutes later, the resident is called to the recovery 
room where the patient is awake but appears panicked. 
He is breathing at a rate o  40/min, and is tachycardic 
and hypertensive. His SpO2 is 86% on  ace mask oxy-
gen, and he is coughing up copious  rothy secretions. 
Chest exam reveals bilateral coarse crackles. Which o  
the  ollowing is the most likely diagnosis?

 (A) panic attack
 (B) anaphylaxis
 (C) bronchospasm
 (D) pulmonary edema
 (E) myocardial in arction

T is scenario is a classic case o  negative-pressure pul-
monary edema (NPPE). It characteristically occurs 
a ter the relie   rom upper airway obstruction, usually 
 rom laryngospasm, although reports have been made 
a ter bronchospasm. Other inciting events include  
 oreign body in the airway, epiglottitis, vocal cord 
palsy, obstructive sleep apnea, biting o  the endotra-
cheal tube/laryngeal mask airway, and vigorous direct  
suctioning o  the endotracheal tube adapter. T e 
pathophysiology involves the generation o  a large neg-
ative intrathoracic pressure by inspiring against an 
obstructed upper airway. T is promotes the hydro-
static transudation o  f uid  rom the pulmonary capil-
laries into the extracellular f uid and alveoli. Other  ac-
tors that exacerbate the clinical picture are hypoxia, 
hypercarbia, and increased release o  catecholamines. 
Hypoxia in particular increases pulmonary vascular 
resistance and depresses myocardial contractility, con-
tributing to pulmonary edema  ormation. 
 T e typical clinical presentation is rapid onset o  
respiratory distress, coughing o   rothy secretions, 
hemoptysis, hypoxia, and widespread crackles on chest 
auscultation. Chest radiographs o ten show evidence 
o  both interstitial edema (Kerley B lines, peribron-
chial cu ng, and pleural e usion) and, i  intrathoracic 
pressures were su ciently negative, alveolar in ltrates 
(consolidation). NPPE is usually sel -limiting and res-
olution is usually within 24 hours. However, most 
patients that earn the diagnosis will need some  orm o  
treatment, including maintenance o  a patent airway, 
application o  oxygen, and positive airway pressure. 
T is occasionally requires re-intubation and mechani-
cal ventilation, but can o ten be accomplished with 
noninvasive positive-pressure ventilation such as Bi-
PAP. Diuretics are  requently administered, although 
the evidence base  or their use is very limited.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012.

 38. Which o  the  ollowing is NO  a risk  actor  or pul-
monary aspiration o  gastric contents?

 (A) pregnancy
 (B) progressive systemic sclerosis (scleroderma)
 (C) post-ictal state
 (D) meperidine
 (E) metoprolol

T ere are three principal types o  risk  actors  or gastric 
aspiration: increases in gastric volume (i.e., delayed 
gastric emptying), impairment o  the lower esophageal 
sphincter, and impairment o  the laryngeal protective 
ref exes. T is can be thought o  as the “Swiss cheese” 
model— or aspiration o  gastric contents to occur, all 
three o  these conditions must be present. 
 Delayed gastric emptying
• Autonomic dys unction (diabetes mellitus, chronic 

renal  ailure)
• Progressive systemic sclerosis (scleroderma)
• Neurologic disease (Parkinson’s disease, multiple 

sclerosis, di  use neuromuscular disease)
• Pregnancy
• Beta-2 agonism (pain, stress, trauma)
• Medications (opioids, antimuscarinics)
• Postvagotomy
• Pyloric dys unction/altered duodenal motility
• Postviral gastroparesis
Lower esophageal incompetence/predisposition  or 
regurgitation
• Pregnancy
• Hiatal hernia
• Obesity
• Progressive systemic sclerosis (scleroderma)
• Alcohol
• Smoking
• Achalasia
• Cricoid pressure
• Light anesthesia
• Lithotomy position
• Medications (atropine, glycopyrrolate, dopamine, 

sodium nitroprusside, beta-agonists, opioids, propo-
 ol, thiopental, inhaled anesthetics, glucagon)
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Laryngeal incompetence
• GA/sedation
• Neurologic (bulbar disease, head injury, CVA, post-

ictal, coma)
• Postintubation lasting > 8 hours (mechanical e  ect)
• Blockade o  recurrent laryngeal nerve(s)
• Opioids
• Elderly
 Metoprolol is a beta-blocker, which increases LES 
tone and increases gastric emptying.

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012. 

 39. What is the approximate hal -emptying time o  clear 
liquids in the healthy stomach?

 (A) 6 minutes
 (B) 12 minutes
 (C) 20 minutes
 (D) 30 minutes
 (E) 45 minutes

Liquids are emptied  rom the stomach as a  unction o  
the pressure gradient between the stomach and duode-
num. Physiologic studies have shown that in healthy 
humans, the time to empty hal  o  the volume is 
12 minutes. T ere ore, over 90% o  the volume is gone 
in  our hal -lives, or 48 minutes. Delayed gastric empty-
ing can be caused by disease processes (e.g., diabetes mel-
litus, chronic renal  ailure), beta-2 agonism (stress, pain), 
medications (opioids, antimuscarinics), and the mechan-
ical/hormonal changes associated with pregnancy.
 Many systems are moving toward encouraging clear 
liquids up until this 2-hour mark, as it has been shown 
to actually reduce residual gastric volumes at induction 
compared to standard NPO a ter midnight. In addi-
tion, there is evidence that this practice enhances 
recovery and helps decrease length o  stay a ter colonic 
surgery. Finally, allowing carbohydrate drinks up to 
2 hours ahead o  time may prevent dehydration, hypo-
glycemia, and prevent the hunger and thirst that many 
patients, especially children,  nd uncom ortable. 
T ere is no evidence that allowing clear f uids up to 
2 hours prior to surgery increases morbidity or the risk 
o  gastric aspiration.

Ref: Hauser B, Roelants M, De Schepper J, et al. Gastric 
emptying o  liquids in children. J Pediatr Gastroenterol 
Nutr 2016;62:403–408.

 40. Which o  the  ollowing statements regarding the gastric 
aspiration o  pulmonary contents is  RUE?

 (A)  he ASA guidelines suggest a preoperative  ast 
o  4 hours  rom in ant  ormula.

 (B) Backwards-upwards-rightwards pressure (BURP) 
on the cricoid cartilage prevents passive regurgi-
tation.

 (C) Omeprazole 20 mg PO as a single preoperative 
dose e  ectively increases gastric pH.

 (D) Empiric corticosteroids have no role following 
aspiration of gastric contents.

 (E)  he incidence o  aspiration with laryngeal mask 
airways (LMAs) is higher than with endotracheal 
tubes.

T e ASA  asting guidelines suggest 2 hours  or clear 
f uids, 4 hours  or breast milk, 6 hours  or in ant  or-
mula, nonhuman milk, and solids, and 8 hours  or a 
large and/or  atty meal. 
 T e BURP maneuver is advocated as a method to 
improve laryngoscopic view o  the glottis, not a sa ety 
maneuver to prevent regurgitation o  gastric contents. 
As initially described, and as validated in cadaver stud-
ies, the correct per ormance o  Sellick’s maneuver (or 
cricoid pressure) involves the application o  44 N o  
 orce directly backwards on the cricoid ring to occlude 
the esophagus. T e e cacy o  cricoid pressure is con-
troversial, however, with MRI studies showing that the 
esophagus “slips out” to the anterolateral aspect o  the 
vertebral body when pressurized  rom the anterior 
direction by the cricoid ring. Furthermore, several 
studies have demonstrated that cricoid pressure wors-
ens the visualization o  the larynx, as well as the ability 
to e ciently and correctly place endotracheal tubes 
and LMA devices. Finally, there is debate as to whether 
cricoid pressure, as it is commonly taught, is done in a 
proper  ashion when required. For example, poorly 
trained assistants are likely to grasp the wrong carti-
laginous structure with their  ngers and/or apply an 
ine ective amount o  pressure to that cartilage.
 While a single dose o  ranitidine 150 mg PO on the 
morning o  surgery has been shown to decrease gastric 
volumes and increase pH, omeprazole requires two 
successive doses to achieve this: one the night be ore, 
and one the morning o  surgery. As such, a single dose 
does little to change the chemistry or volume o  the 
gastric secretions.
 Once an aspiration event has occurred, therapy 
should be  ocused on preventing  urther pulmonary 
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aspiration o  whatever gastric contents have been 
regurgitated (i.e., head-down positioning),  ollowed by 
immediate endotracheal intubation and suctioning o  
the tracheobronchial tree. T e stomach should be suc-
tioned out and, i  particulate matter is suspected, 
bronchoscopy per ormed to identi y the degree o  soil-
ing o  the airway. Supportive care aimed at maintain-
ing oxygenation and preventing/treating broncho-
spasm is initiated. Since aspiration pneumonitis is a 
sterile event in most cases, there is no role  or empiric 
antibiotics. Similarly, empiric steroid therapy has 
shown to be ine ective and in some cases has led to 
worsened outcomes.
 Numerous studies using a variety o  methodologies 
including pH measurement, marker dyes, and bron-
choscopic examination have shown that LMA airways 
are relatively resistant to the passage o  regurgitated 
material into the tracheobronchial tree. A recent large 
systematic review has shown that in randomized con-
trolled trials comparing the two devices, there is no 
di erence in the risk o  pulmonary aspiration o  gastric 
contents  or elective surgical patients.

Ref: Yu SH, Beirne OR. Laryngeal Mask Airways have a 
Lower Risk of Airway Complications Compared with Endo-
tracheal intubation: A Systematic Review. J Oral Maxillofac 
Surg 2010;68:2359–2376.

 41. Which o  the  ollowing regarding the genetics and 
pathophysiology o  malignant hyperthermia (MH) is 
CORREC ?

 (A) Malignant hyperthermia is inherited in an auto-
somal recessive pattern.

 (B) Most patients who have an MH event have a 
 amily history o  MH.

 (C)  he principal genetic mutation responsible  or 
MH lies on chromosome 17.

 (D)  he inciting event in MH is the unregulated 
release o  ryanodine.

 (E) MH is a channelopathy leading to dysregula-
tion of calcium homeostasis.

Malignant hyperthermia is a disorder o  skeletal mus-
cle that can be pharmacologically triggered to produce 
a combination o  hypermetabolism, muscle rigidity, 
and rhabdomyolysis. It is o  special interest to anesthe-
siologists, since the volatile agents and succinylcholine 
are both known to trigger the event.

 MH is inherited in an autosomal dominant pattern, 
and has been seen worldwide in all races. It is estimated 
that its prevalence in the general population is between 
1:5,000 and 1:10,000. Despite it not being a sex-
linked inheritance pattern, many registries and observ-
ers have reported it being approximately three times 
more prevalent in males. T ere is some association 
with young age, increased muscularity, increased mus-
cle tone (hypertonia) as well as a history o  muscle 
cramps. Only 7% o  patients in the North American 
MH Registry had a  amily history at the time o  their 
triggering anesthetic.
 T e pathophysiology o  MH is related to unregu-
lated release o  calcium  rom the sarcoplasmic reticu-
lum in skeletal muscle. During normal depolarization 
o  the muscle cell membrane, voltage-gated calcium 
channels undergo a con ormational change and permit 
the release o  calcium  rom the sarcoplasmic reticulum. 
Calcium f oods the cytoplasm o  the cell and binds to 
troponin C, initiating the mechanical contraction 
event. Calcium is then actively pumped back into the 
sarcoplasmic reticulum.
 Patients susceptible to MH have a channelopathy 
o  one or more proteins involved in this calcium 
release. By  ar the most studied is the ryanodine recep-
tor type 1 (RYR1) protein. Activation o  RYR1 by 
either calcium or ca eine causes the increased release 
o  calcium into the cytosol. In contrast, dantrolene, 
the antidote to MH, is a potent inhibitor o  RYR1. 
Over 60% o   amilies that are MH susceptible are 
known to have mutations o  the gene coding  or 
RYR1, which is located on chromosome 19q12-13. 
T ere are currently over 30 known mutations that 
produce a dys unctional RYR1 protein. T ese dys-
 unctional receptors respond to a variety o  stimuli 
(including volatile anesthetics, large calcium and 
potassium f uxes, and ca eine) in two ways: (1) the 
receptors have a lower threshold  or opening and (2) 
they are unable to close as quickly. T is prolongs the 
time that calcium is able to travel down its concentra-
tion gradient and vastly increases the overall intracel-
lular calcium concentration. T is leads to unopposed 
contraction, rigidity, and hypermetabolism character-
istic o  the MH event. 

Ref: Longnecker DE, Brown DL, Newman MF, Zapol WM. 
Anesthesiology, 2nd ed. New York, NY: McGraw Hill; 
2012.
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 CHAPTER 29

Postoperative Period

 1. Whenever possible, it is recommended to use multi-
modal analgesia  or postoperative pain management. 
Following total knee arthroplasty, which multimodal 
technique  or postoperative pain management is most 
e ective?

 (A) postincisional in iltration o  bupivacaine
 (B) epidural morphine
 (C) IV opioids and pregabalin
 (D) IV opioids and ketamine
 (E) IV opioids and acetaminophen 

 2. In an attempt to reduce the incidence o  chronic post-
surgical pain (CPSP), nonopioid adjuvant analgesics 
are o ten administered. Best evidence suggests which o  
the  ollowing adjuvants may modi y the risk o  CPSP?

 (A) ketamine
 (B) gabapentin
 (C) dexmedetomidine
 (D) magnesium
 (E) amitriptyline 

 3. Within clinically relevant dosages, which o  the  ollow-
ing nonopioid adjuvants can cause hypotension?

 (A) lidocaine in usion
 (B) ketamine 
 (C) pregabalin
 (D) dexmedetomidine
 (E) dexamethasone 

 4.  raditional NSAIDs and COX-2 inhibitors have a vari-
ety o  side e ects. Compared to COX-2 inhibitors, 
which o  the  ollowing side e ects is seen MORE 
OF EN in patients administered traditional NSAIDs?

 (A) GI hemorrhage 
 (B) decreased renal  unction
 (C) myocardial in arction
 (D) asthma
 (E) headache 

 5. Nonopioid adjuvants  or postoperative analgesia may 
have all o  the  ollowing bene ts EXCEP :

 (A) reduced opioid induced hyperalgesia
 (B) reduced risk o  chronic pain 
 (C) reduced postoperative pain intensity
 (D) preventive analgesia
 (E) preemptive analgesia 

 6. Low-dose ketamine (0.5–1 mg/kg, with continuous 
in usion o  2–10 mcg/kg/min) is o ten used as a peri-
operative nonopioid adjuvant. What is considered the 
primary mechanism o  action  or low-dose ketamine’s 
analgesic e ects?

 (A) NMDA receptor antagonism 
 (B) mu-opioid receptor agonism
 (C) kappa-opioid receptor agonism
 (D) muscarinic receptor agonism
 (E) Na+  channel inhibition 

MCGH380-CH29_491-508.indd   491  10/09/16   9:57 PM



492  29: Postoperative Period

 7. A patient is undergoing high-risk vascular surgery. 
Clonidine is selected as an adjuvant  or perioperative 
pain management. Which o  the  ollowing is an addi-
tional bene t o  clonidine?

 (A) earlier intake o  enteral nutrition 
 (B) reduced risk o  respiratory depression
 (C) reduced risk o  signi icant hypotension
 (D) reduced risk o  myocardial in arction
 (E) reduced risk o  death 

 8. For treatment o  moderate to severe postoperative pain, 
which o  the  ollowing opioids is LEAS  e ective?

 (A) transdermal  entanyl patch
 (B) intravenous buprenorphine
 (C) intravenous su entanil
 (D) oral oxycodone
 (E) intramuscular meperidine 

 9. For an adult, which o  the  ollowing single-dose anal-
gesics provides the greatest pain relie   or moderate to 
severe postoperative pain?

 (A) ibupro en 400 mg PO
 (B) tramadol 50 mg PO 
 (C) acetaminophen 650 mg PO
 (D) codeine 60 mg PO
 (E) aspirin 650 mg PO 

 10. For in ltration anesthesia in adults, what is the maxi-
mum recommended dose o  bupivacaine?

 (A) 1 mg/kg
 (B) 2 mg/kg 
 (C) 4.5 mg/kg
 (D) 7 mg/kg
 (E) 9 mg/kg 

 11. For an opioid-naive adult a ter surgery, what is an 
acceptable initial order  or a  entanyl patient-controlled 
analgesia (PCA) regimen?

 (A) 0.5 mg IV q5min
 (B) 15 mcg IV q5min 
 (C) 30 mcg IV q15min
 (D) 50 mcg IV q20min
 (E) continuous IV in usion o  0.01 mg/kg/hr 

 12. What is a typical dose o  intrathecal opioid recom-
mended  or outpatient knee arthroscopy?

 (A) morphine 100 mcg
 (B) morphine 200 mcg 
 (C) morphine 300 mcg
 (D)  entanyl 25 mcg
 (E)  entanyl 100 mcg 

 13. A ter bowel resection, a low thoracic epidural is used 
 or postoperative analgesia. A variety o  local anesthetic 
solutions with or without opioids are available. Rather 
than using 0.125% bupivacaine, what is an advantage 
o  using a solution o  0.05% bupivacaine and  entanyl 
5 mcg/mL? 

 (A) less nausea and vomiting
 (B) less pruritus
 (C) less sedation
 (D) less motor block 
 (E) less respiratory depression 

 14. An opioid-naïve adult patient requires intravenous 
patient-controlled analgesia (PCA) with an opioid  or 
postoperative pain management. A continuous back-
ground in usion o  opioid can be programmed in addi-
tion to the demand dose. What is an advantage o  using 
a PCA system with a continuous in usion o  opioids? 

 (A) improved postoperative analgesia
 (B) improved postoperative sleep patterns
 (C) less physical requirement  or patient
 (D) less overall opioid use
 (E) less respiratory depression 

 15. Multiple alternative and complementary therapies are 
available  or postoperative pain management.  o be 
e ective, which o  the  ollowing techniques requires 
patient susceptibility?

 (A)  ENS 
 (B) cryotherapy
 (C) acupuncture
 (D) hypnosis
 (E) ultrasound 
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 16. O  the  ollowing alternative and complementary thera-
pies  or postoperative pain management, which is pos-
tulated to work via release o  endorphins?

 (A) acupuncture
 (B) hypnosis 
 (C) cryotherapy
 (D) ultrasound
 (E) therapeutic touch 

 17. Atelectasis is diagnosed as the cause o  a patient’s post-
operative hypoxemia. Which o  the  ollowing is the 
most likely mechanism  or postoperative hypoxemia in 
a patient with atelectasis?

 (A) hypoventilation 
 (B) di  usion impairment
 (C) V/Q mismatch
 (D) right-to-le t shunt
 (E) hypoxic pulmonary vasoconstriction 

 18. Perioperatively, a number o   actors may contribute to 
a decline in  unctional residual capacity (FRC). A 
patient is anesthetized and positioned  or surgery: they 
are placed in the supine position, anesthesia is induced, 
 ollowed by muscle paralysis, then the patient is placed 
in > 30-degree  rendelenburg position and nonlaparo-
scopic upper abdominal surgery is started. Which o  
the  ollowing  actors is LEAS  LIKELY to decrease 
FRC? 

 (A) patient in supine position
 (B) induction o  general anesthesia
 (C) addition o  muscle paralysis
 (D) > 30-degree  rendelenburg position
 (E) nonlaparoscopic upper abdominal surgery 

 19. Postoperatively, a patient is noted to have signi cant 
systemic hypertension. Which o  the  ollowing is the 
greatest risk  actor  or postoperative hypertension?

 (A) history o  essential hypertension
 (B) increased sympathetic nervous system activity 

due to pain 
 (C) increased sympathetic nervous system activity 

due to hypercapnia
 (D) shivering
 (E) hypervolemia 

 20. A ter an exploratory laparotomy  or a bowel per ora-
tion, a patient is trans erred to the postanesthesia care 
unit (PACU), and persistent hypotension is noted. Ini-
tial treatment consists o  intravenous crystalloids. T e 
hypotension is not corrected with  uid resuscitation. 
No ECG changes are noted; BP =  95/42; mean arterial 
pressure (MAP) =  60 mm Hg; HR =  96/min; CVP =   
8 mm Hg, CO =  8.4 L/min. Based on this in orma-
tion, which o  the  ollowing interventions is recom-
mended? 

 (A) continue IV  luids only
 (B) add in usion o  dobutamine
 (C) add in usion o  vasopressin
 (D) add in usion o  norepinephrine
 (E) add in usion o  epinephrine 

 21. Multiple patient  actors independently predict the risk 
o  postoperative nausea and vomiting (PONV) in 
adults. Which o  the  ollowing  actors is LEAS  likely 
to predict PONV?

 (A)  emale sex 
 (B) nonsmoking
 (C) history o  motion sickness
 (D) obesity
 (E) patient < 50 years old 

 22. T e brainstem’s vomiting centers may receive stimula-
tion  rom all o  the  ollowing EXCEP :

 (A) the chemoreceptor trigger zone
 (B) vagal a  erents o  the gastrointestinal tract 
 (C) the vestibular system
 (D) visceral and somatic nuclei
 (E) the cerebral cortex 

 23. T ere are many prevention strategies to reduce the 
baseline risk o  postoperative nausea and vomiting 
(PONV) in adults. Which o  the  ollowing strategies is 
most help ul?

 (A) avoid the use o  neostigmine 
 (B) use nitrous oxide instead o  volatile anesthetic
 (C) use supplemental oxygen
 (D) routine gastric decompression
 (E) adequate hydration 
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 24. T e act o  vomiting is associated with which o  the  ol-
lowing physical signs? 

 (A) decreased salivation
 (B) diaphragm contraction
 (C) small intestine peristalsis 
 (D) bradycardia
 (E) abdominal muscle relaxation 

 25. Which o  the  ollowing medications is NO  indicated 
 or prophylaxis and/or treatment o  PONV?

 (A) dexamethasone
 (B) scopolamine 
 (C) esomeprazole
 (D) haloperidol
 (E) perphenazine 

 26. Which o  the  ollowing H1-receptor antagonists is 
indicated  or treatment o  postoperative nausea and 
vomiting (PONV) in adults?

 (A)  exo enadine
 (B) loratadine 
 (C) dimenhydrinate
 (D) cetirizine
 (E) chlorpheniramine 

 27. Which o  the  ollowing medications is the LEAS  
e ective at reducing postoperative nausea and vomiting 
(PONV)?

 (A) ondansetron 4 mg IV
 (B) aprepitant 40 mg PO 
 (C) dexamethasone 8 mg IV
 (D) droperidol 1.25 mg IV
 (E) metoclopramide 10 mg IV 

 28. In order to reduce postoperative nausea and vomiting 
(PONV) most e ectively, when should ondansetron 
(5-H 3 antagonist) be administered?

 (A) induction o  anesthesia
 (B) end o  surgery 
 (C) prior evening be ore surgery
 (D) 2 hours be ore induction o  anesthesia
 (E) during maintenance phase o  anesthesia 

 29. Despite initial prophylactic therapy with ondansetron, 
4 hours a ter surgery a patient has signi cant PONV. 
For this patient, PONV rescue therapy may include all 
o  the  ollowing EXCEP :

 (A) dimenhydrinate 
 (B) ondansetron 
 (C) droperidol
 (D) transdermal scopolamine
 (E) dexamethasone 

 30. PONV management may include the use o  droperidol. 
In 2001, the FDA published a “black box” warning 
regarding the use o  droperidol. According to this 
warning, i  droperidol administration is considered, 
which o  the  ollowing measures is recommended? 

 (A) avoid droperidol  or patients with hyperkalemia
 (B) avoid droperidol  or patients with tachycardia
 (C) droperidol only  or prophylaxis o  PONV
 (D) a ter droperidol, monitor ECG  or 2 to  

3 hours 
 (E) a ter droperidol, monitor  or extrapyramidal side 

e  ects 

 31. Multi-modal therapy is selected  or a patient at high 
risk o  PONV. Compared to monotherapy, which o  
the  ollowing combinations is LEAS  e ective at 
reducing PONV?

 (A) ondansetron +  dexamethasone 
 (B) ondansetron +  droperidol
 (C) ondansetron +  casopitant
 (D) dexamethasone +  metoclopramide
 (E) dexamethasone +  droperidol 

 32. Best evidence suggests which o  the  ollowing non-
pharmacologic modalities as most e ective at reducing 
the incidence o  postoperative nausea and vomiting 
(PONV)?

 (A) music therapy
 (B) ginger 
 (C) hypnosis
 (D) P6 acupoint stimulation
 (E) aromatherapy with isopropyl alcohol 
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 33. A ter a general anesthetic with the use o  neuromuscu-
lar blocking drugs, a patient is awake and recovering in 
the postanesthesia care unit (PACU). T e patient seems 
to have upper airway obstruction with a paradoxical 
breathing pattern. Residual neuromuscular blockade is 
considered in the di erential diagnosis. In this situa-
tion, which o  the  ollowing methods to assess  or the 
ability to maintain and protect the airway is pre erred? 

 (A) train-o - our stimulation
 (B) tetanic stimulation
 (C) grip strength
 (D) sustained head li t 
 (E) tongue protrusion

 34. Postoperatively, which o  the  ollowing complications 
is most common? 

 (A) upper airway obstruction
 (B) hypotension
 (C) hypertension 
 (D) altered mental status
 (E) nausea and vomiting 

 35. A physically  t, 30-year-old male patient undergoes an 
inpatient surgical procedure. His airway management 
includes the use o  a de asciculating dose o  rocuronium 
and succinylcholine. He is ambulatory shortly a ter the 
procedure but notes signi cant myalgias (muscle sti -
ness)  or 3 days postoperatively. Which o  the  ollowing 
 actors IS associated with postoperative myalgias? 

 (A) patient with greater muscle mass
 (B) male sex
 (C) inpatient surgery
 (D) early ambulation 
 (E) use o  de asciculating dose o  rocuronium 

 36. Which o  the  ollowing is a risk  actor  or postoperative 
cognitive dys unction (POCD)? 

 (A) general anesthesia
 (B) patient’s age
 (C) intraoperative episodes o  hypotension 
 (D) intraoperative episodes o  hypoxemia
 (E) ambulatory surgery 

 37. For an adult, which o  the  ollowing is a risk  actor  or 
the development o  postoperative delirium?

 (A) decreased  unctional status
 (B) intraoperative use o  nitrous oxide 
 (C) intraoperative hematocrit < 35%
 (D) age > 40 years
 (E) general anesthesia 

 38. Within 8 hours o  surgery, a patient’s mental  unction 
is notably altered. T e patient, who previously exhib-
ited no cognitive de cits, now exhibits altered level o  
attention and altered level o  consciousness. T e symp-
toms resolve a ter approximately 1 week. Which o  the 
 ollowing is the best term to describe these  ndings? 

 (A) postoperative cognitive dys unction
 (B) postoperative delirium
 (C) emergence excitement
 (D) dementia 
 (E) delayed awakening 

 39. A patient undergoing a laparoscopic sigmoid resection 
receives a general anesthetic. Sevo urane,  entanyl, and 
rocuronium are selected  or maintenance o  anesthesia. 
Post-surgery, the patient  ails to regain consciousness 
60 minutes a ter the discontinuation o  general anes-
thesia.  ypically, what is the most likely explanation o  
this delayed emergence? 

 (A) residual e  ects o  sedative drugs
 (B) residual neuromuscular blockade
 (C) hypothermia
 (D) perioperative stroke
 (E) hypoglycemia 
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Answers and Explanations: 
Postoperative Period

 1. Whenever possible, it is recommended to use multi-
modal analgesia  or postoperative pain management. 
Following total knee arthroplasty, which multimodal 
technique  or postoperative pain management is most 
e ective?

 (A) postincisional in iltration o  bupivacaine
 (B) epidural morphine
 (C) IV opioids and pregabalin
 (D) IV opioids and ketamine
 (E) IV opioids and acetaminophen 

Meta-analysis data shows that intravenous (IV) opi-
oids with calcium channel blockers (gabapentin or  
pregabalin) are a use ul multimodal technique that 
improves analgesia, compared to IV opioids alone.
 Multimodal pain management is de ned as the 
administration o  two or more analgesic drugs (each 
with a distinct mechanism o  action). T ere ore, 
although epidural morphine and postincisional in l-
tration o  bupivacaine can both improve postoperative 
analgesia, in and o  themselves they are not multi-
modal techniques.
 IV opioids with ketamine and IV opioids with acet-
aminophen are both multimodal techniques, but cur-
rent evidence is inconsistent as to whether they are 
superior to IV opioids alone. However, it is currently 
recommended, except when contraindicated, that all 
surgical patients receive multimodal pain management 
including around-the-clock NSAIDs, COX-2 selective 
NSAIDs, or acetaminophen.

Refs: American Society o  Anesthesiologists  ask Force on 
Acute Pain Management, Practice guidelines  or acute 
pain management in the perioperative setting: an updated 
report by the American Society o  Anesthesiologists  ask 
Force on Acute Pain Management, Anesthesiology 2012; 
116:248–273.

Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: Else-
vier; 2015.

 2. In an attempt to reduce the incidence o  chronic post-
surgical pain (CPSP), nonopioid adjuvant analgesics 
are o ten administered. Best evidence suggests which 
o  the  ollowing adjuvants may modi y the risk o  
CPSP?

 (A) ketamine
 (B) gabapentin
 (C) dexmedetomidine
 (D) magnesium
 (E) amitriptyline 

Best evidence suggests that gabapentin (and pregaba-
lin) can prevent CPSP. CPSP is de ned as the presence 
o  unexplained pain more than 2 months postopera-
tively. Depending on the type o  surgery, the incidence 
o  CPSP can range  rom ~10% to > 50%. A number 
o  di erent nonopioid adjuvants have been studied to 
reduce the incidence o  CPSP. Studies o  ketamine, 
dexmedetomidine, magnesium in usions, lidocaine 
in usions, and various antidepressants ( CAs—
amitriptyline, SSRIs, and SNRIs) are un ortunately 
either limited or sometimes contradictory.

Refs: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Ramaswamy S, Wilson JA, Colvin L. Non-opioid-based 
adjuvant analgesia in perioperative care. Contin Educ 
Anaesth Crit Care 2013;13(5):152–157.

 3. Within clinically relevant dosages, which o  the  ollow-
ing nonopioid adjuvants can cause hypotension?

 (A) lidocaine in usion
 (B) ketamine 
 (C) pregabalin
 (D) dexmedetomidine
 (E) dexamethasone 
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Alpha-2 agonists such as dexmedetomidine and cloni-
dine can cause hypotension and bradycardia within 
clinically relevant dosages. T e mechanism o  action is 
due to the ability o  alpha-2 agonists to reduce central 
sympathetic out ow. Other potential/theoretical side 
e ects o  nonopioid adjuvants include:
• ketamine; psychomimetic side effects such as hallu-

cinations; tachycardia, hypertension
• pregabalin/gabapentin: dizziness, sedation, fatigue
• dexamethasone/methylprednisolone: hyperglycemia, 

GI bleeding, altered wound healing
• lidocaine: local anesthetic toxicity (CNS/cardiovas-

cular)

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 4.  raditional NSAIDs and COX-2 inhibitors have a vari-
ety o  side e ects. Compared to COX-2 inhibitors, 
which o  the  ollowing side e ects is seen MORE 
OF EN in patients administered traditional NSAIDs?

 (A) GI hemorrhage 
 (B) decreased renal  unction
 (C) myocardial in arction
 (D) asthma
 (E) headache 

 raditional NSAIDs cause a higher incidence o  GI 
hemorrhage as compared to COX-2 inhibitors (cele-
coxib). COX-2 inhibitors are indicated  or patients at 
risk o  GI complications. Both traditional NSAIDs 
and COX-2 inhibitors increase the risk o : 
•  adverse renal events (in patients with renal disease)
•  cardiovascular events (myocardial in arction, stroke)
•  hypersensitivity (asthma, urticaria, angioneurotic 

edema)
•  CNS side e  ects (headache, dizziness, con usion)

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics, 12th ed. 
New York, NY: McGraw Hill; 2011. 

 5. Nonopioid adjuvants  or postoperative analgesia may 
have all o  the  ollowing bene ts EXCEP :

 (A) reduced opioid induced hyperalgesia
 (B) reduced risk o  chronic pain 

 (C) reduced postoperative pain intensity
 (D) preventive analgesia
 (E) preemptive analgesia 

Nonopioid adjuvants  or postoperative analgesia may 
have a number o  preventive analgesia e ects, 
including:
• reduced opioid-induced hyperalgesia
• reduced postoperative pain intensity
• reduced opioid consumption (and reduce opioid side 

e  ects)
• reduced risk of chronic pain
Preemptive analgesia is the term used by Patrick Wall in 
1988 to describe the goal o  using analgesics before sur-
gical incision in order to block the induction o  central 
sensitization and thereby improving postoperative 
pain control. Research to prove preemptive analgesia is 
not compelling; this is due to the  act that general 
anesthesia and systemic opioids do not completely 
block central sensitization (and also due to debate 
about the basic de nition o  preemptive analgesia and 
study design). T e term preventive analgesia is used to 
describe the goal o  minimizing central sensitization by 
using analgesics throughout the perioperative period. 
Central sensitization is the cascade o  e ects a ter sur-
gical incision that leads to the ampli cation o  postop-
erative pain.

Refs: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Butterworth JF IV, Mackey DC, Wasnick JD. Morgan & 
Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013.

Katz J, Clarke H, Seltzer Z. Preventive analgesia: quo vadi-
mus? Anesth Analg 2011;113(5):1242–1253.

 6. Low-dose ketamine (0.5–1 mg/kg, with continuous 
in usion o  2–10 mcg/kg/min) is o ten used as a peri-
operative nonopioid adjuvant. What is considered the 
primary mechanism o  action  or low-dose ketamine’s 
analgesic e ects?

 (A) NMDA receptor antagonism 
 (B) mu-opioid receptor agonism
 (C) kappa-opioid receptor agonism
 (D) muscarinic receptor agonism
 (E) Na+  channel inhibition 

Answers: 1–6  497
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T e primary mechanism o  action  or low-dose ket-
amine’s analgesic e ects is NMDA receptor antago-
nism, which activates inhibitory pain pathways. T e 
pharmacology o  ketamine is complex:
• low-dose ketamine, via its action as an NMDA 

antagonist, prevents opioid receptor internalization 
and prevents opioid-induced hyperalgesia and 
acute tolerance.

• higher anesthetic doses of ketamine act as mu- and 
kappa-opioid receptor antagonists.

• ketamine also acts as a monoaminergic, muscarinic, 
and nicotinic antagonist, and it also inhibits neuro-
nal sodium channels (which may explain its local 
anesthetic properties).

Refs: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013.

Pai A, Heining M. Ketamine. Contin Educ Anaesth Crit Care 
Pain 2007;7(2):59–63.

Hirota K, Lambert DG. Ketamine: new uses  or an old drug? 
BJA 2011;107(2):123–126.

 7. A patient is undergoing high-risk vascular surgery. 
Clonidine is selected as an adjuvant  or perioperative 
pain management. Which o  the  ollowing is an addi-
tional bene t o  clonidine?

 (A) earlier intake o  enteral nutrition 
 (B) reduced risk of respiratory depression
 (C) reduced risk o  signi icant hypotension
 (D) reduced risk o  myocardial in arction
 (E) reduced risk o  death 

Alpha-2 agonists such as clonidine and dexmedetomi-
dine do not increase the risk o  respiratory depression.
 Alpha-2 agonists were previously thought to 
decrease the risk o  death and myocardial in arction 
a ter vascular surgery. However, the recent POISE-2 
trial  ound that clonidine did not decrease the risk o  
death or myocardial in arction. Clonidine increases 
the risk o  signi cant hypotension.
 Intravenous lidocaine in usions may have bene ts 
including improved bowel  unction a ter surgery.

Refs: Devereaux PJ, Sessler DI, Leslie K, et al. Clonidine in 
patients undergoing noncardiac surgery. NEJM 2014; 
370(16):1504–1513.

Wijeysundera DN, Bender JS, Beattie WS. Alpha-2 adrener-
gic agonists  or the prevention o  cardiac complications 
among patients undergoing surgery. Cochrane Database 

Syst Rev 2009;4(CD004126), doi: 10.1002/14651858.
CD004126.pub2.

Butterworth JF IV, Mackey DC, Wasnick JD. Morgan & 
Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 8. For treatment o  moderate to severe postoperative pain, 
which o  the  ollowing opioids is LEAS  e ective?

 (A) transdermal fentanyl patch
 (B) intravenous buprenorphine
 (C) intravenous su entanil
 (D) oral oxycodone
 (E) intramuscular meperidine 

 ransdermal  entanyl is not indicated  or the routine treat-
ment o  postoperative pain, as the onset o  action is too 
slow. It may take up to 16 hours a ter placement o  a trans-
dermal  entanyl patch  or  ull analgesic e ect. T ere are 
many other options  or the management o  moderate to 
severe postoperative pain, including intravenous buprenor-
phine (opioid agonist-antagonist), intravenous su entanil, 
oral oxycodone, and intramuscular meperidine (although 
this route o  administration may be pain ul).

Refs: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Brunton LL, Chabner BA, Knollman BC. Goodman & Gil-
man’s the Pharmacological Basis of T erapeutics, 12th ed. 
New York, NY: McGraw Hill; 2011. 

 9. For an adult, which o  the  ollowing single-dose anal-
gesics provides the greatest pain relie   or moderate to 
severe postoperative pain?

 (A) ibuprofen 400 mg PO
 (B) tramadol 50 mg PO 
 (C) acetaminophen 650 mg PO
 (D) codeine 60 mg PO
 (E) aspirin 650 mg PO 

O  the listed analgesics, ibupro en 400 mg PO pro-
vides the greatest pain relie   or moderate to severe 
postoperative pain.
 Analgesics may be compared using the number 
needed to treat (NN ). NN  is de ned as the number 
o  patients who require treatment  or one patient to 
receive > 50% pain relie  compared to placebo:
• ibuprofen 400 mg PO, NNT =  2.5
• tramadol 50 mg PO, NNT =  8.3
• acetaminophen 650 mg PO, NNT =  4.6
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• codeine 60 mg PO, NNT =  16.7
• aspirin 650 mg PO, NNT =  4.4

Refs: Bandolier, available at: http://www.medicine.ox.ac.uk/
bandolier/booth/painpag/ Acutrev/Analgesics/Leagtab.
html.

Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 10. For in ltration anesthesia in adults, what is the maxi-
mum recommended dose o  bupivacaine?

 (A) 1 mg/kg
 (B) 2 mg/kg 
 (C) 4.5 mg/kg
 (D) 7 mg/kg
 (E) 9 mg/kg 

For in ltration anesthesia in adults, the maximum rec-
ommended dose o  bupivacaine is 2 mg/kg. Other  re-
quently used anesthetics include lidocaine (4.5 mg/kg) 
and procaine (7 mg/kg). I  epinephrine is added, the 
maximum dose can be increased by 1/3.

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics, 12th ed. 
New York, NY: McGraw Hill; 2011. 

 11. For an opioid-naive adult a ter surgery, what is an 
acceptable initial order  or a  entanyl patient-controlled 
analgesia (PCA) regimen?

 (A) 0.5 mg IV q5min
 (B) 15 mcg IV q5min 
 (C) 30 mcg IV q15min
 (D) 50 mcg IV q20min
 (E) continuous IV in usion o  0.01 mg/kg/hr 

Opioid doses  or an opioid-naïve adult a ter surgery 
can vary widely, but suggested starting doses  or intra-
venous PCA regimens include:
• fentanyl 10–50 mcg IV bolus, lockout interval 4– 

10 minutes
• morphine 0.5–2.5 mg IV bolus, lockout interval 

5–10 minutes
• hydromorphone 0.05–0.4 mg IV bolus, lockout 

interval 5–10 minutes
Continuous in usions are not recommended  or initial 
regimens in opioid-naïve adult patients.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 12. What is a typical dose o  intrathecal opioid recom-
mended  or outpatient knee arthroscopy?

 (A) morphine 100 mcg
 (B) morphine 200 mcg 
 (C) morphine 300 mcg
 (D) fentanyl 25 mcg
 (E)  entanyl 100 mcg 

For an outpatient knee arthroscopy, typically  entanyl 
10 to 25 mcg intrathecal is recommended. T is dose 
will improve intraoperative analgesia without excessive 
postoperative motor blockade. Intrathecal morphine is 
typically not recommended  or outpatient procedures, 
given the risk o  delayed respiratory depression 
(> 6 hours a ter administration).

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 13. A ter bowel resection, a low thoracic epidural is used 
 or postoperative analgesia. A variety o  local anesthetic 
solutions with or without opioids are available. Rather 
than using 0.125% bupivacaine, what is an advantage 
o  using a solution o  0.05% bupivacaine and  entanyl 
5 mcg/mL? 

 (A) less nausea and vomiting
 (B) less pruritus
 (C) less sedation
 (D) less motor block 
 (E) less respiratory depression 

An epidural solution o  0.05% bupivacaine and  en-
tanyl 5 mcg/mL has some advantages over a solution o  
0.125% bupivacaine:
• less motor block
• less hypotension
Epidural solutions with opioids do have a higher risk o  
opioid-related complications compared to plain local 
anesthetic solutions (higher risk o  nausea/vomiting, 
pruritus, sedation, and respiratory depression).

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 
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 14. An opioid-naïve adult patient requires intravenous 
patient-controlled analgesia (PCA) with an opioid  or 
postoperative pain management. A continuous back-
ground in usion o  opioid can be programmed in 
addition to the demand dose. What is an advantage o  
using a PCA system with a continuous in usion o  
opioids? 

 (A) improved postoperative analgesia
 (B) improved postoperative sleep patterns
 (C) less physical requirement for patient
 (D) less overall opioid use
 (E) less respiratory depression 

An advantage o  a PCA with a continuous background 
in usion o  opioid is that the patient requires no cogni-
tive or physical capabilities  or its e ective use. T is is 
o  particular use  or pediatric patients too young to 
understand how to use a PCA device. A continuous 
in usion may also be appropriate  or opioid-tolerant 
patients who require a basal opioid requirement.
 In adults, PCA with a continuous in usion does not 
improve postoperative analgesia or sleep patterns, uses 
more overall opioid, and increases the likelihood o  opi-
oid side e ects including respiratory depression. T ere is 
some evidence that a continuous in usion will improve 
the postoperative sleep patterns o  pediatric patients.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 15. Multiple alternative and complementary therapies are 
available  or postoperative pain management.  o be 
e ective, which o  the  ollowing techniques requires 
patient susceptibility?

 (A)  ENS 
 (B) cryotherapy
 (C) acupuncture
 (D) hypnosis
 (E) ultrasound 

Alternative and complementary therapies  or the man-
agement o  postoperative pain include  ENS (transcu-
taneous electrical nerve stimulation), cryotherapy, acu-
puncture, hypnosis, and ultrasound. Research proving 
ef cacy is limited and sometimes contradictory. Hyp-
nosis requires active participation, and i  the patient is 
not susceptible, hypnosis will not work.

Ref: Hadzic A. NYSORA  extbook of Regional Anesthesia and 
Acute Pain Medicine, 1st ed. New York, NY: McGraw 
Hill; 2007.

 16. O  the  ollowing alternative and complementary thera-
pies  or postoperative pain management, which is pos-
tulated to work via release o  endorphins?

 (A) acupuncture
 (B) hypnosis 
 (C) cryotherapy
 (D) ultrasound
 (E) therapeutic touch 

T e mechanism o  action  or many complementary 
therapies  or postoperative pain is not  ully under-
stood. Acupuncture may work  or postoperative pain 
by increasing production o  endorphins. Other pro-
posed mechanisms  or acupuncture also include the 
“gate control” theory o  pain.
 Hypnosis alters the perception o  pain, but the 
underlying mechanism is unclear. Cryotherapy acts to 
slow nerve conduction and reduce tissue in amma-
tion. Ultrasound acts to increase blood  ow and pro-
mote so t tissue healing. T erapeutic touch is supposed 
to alter the energy  eld around a patient.

Refs: Hadzic A. NYSORA  extbook of Regional Anesthesia and 
Acute Pain Medicine, 1st ed. New York, NY: McGraw 
Hill; 2007.

Furlan AD, van  ulder MW, Cherkin D, et al. Acupuncture 
and dry-needling  or low back pain. Cochrane Database 
Syst Rev 2005;1(CD001351), doi: 10.1002/14651858.
CD001351.pub2. 

 17. Atelectasis is diagnosed as the cause o  a patient’s post-
operative hypoxemia. Which o  the  ollowing is the 
most likely mechanism  or postoperative hypoxemia in 
a patient with atelectasis?

 (A) hypoventilation 
 (B) di  usion impairment
 (C) V/Q mismatch
 (D) right-to-left shunt
 (E) hypoxic pulmonary vasoconstriction 

Postoperative atelectasis may result in hypoxemia due 
to a right-to-le t shunt. A right-to-le t shunt occurs 
when parts o  the lung are not ventilated due to atelec-
tasis or consolidation (pneumonia, ARDS). Unlike a 
V/Q mismatch, a shunt may not be easily overcome by 
increasing the oxygen concentration. Perioperatively, 
atelectasis may be reduced with the application o  
PEEP, recruitment maneuvers, and minimizing gas 
resorption by using a lower FiO2.
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 Hypoventilation may occur postoperatively when 
the minute ventilation is low relative to metabolic 
demand.
 Di usion impairment can occur in conditions such 
as pulmonary  brosis and systemic vascular diseases.
 Dead space is usually ~30% o  tidal volume. Dead 
space can increase in situations where either ventila-
tion (“V”) increases or blood  ow (per usion, “Q”) 
decreases. Ventilation-per usion mismatch (V/Q mis-
match) is the term used to describe this increase in 
dead space. Examples o  V/Q mismatch include pul-
monary emboli and obstructive lung disease such as 
asthma, emphysema, and chronic bronchitis. Atelecta-
sis can cause hypoxic pulmonary vasoconstriction, but 
it is a consequence rather than a cause o  postoperative 
hypoxemia. Hypoxic pulmonary vasoconstriction acts 
to divert venous blood  rom poorly ventilated areas o  
the lung.

Ref: Levitzky MG. Pulmonary Physiology, 8th ed. New York, 
NY: McGraw Hill; 2013.

 18. Perioperatively, a number o   actors may contribute to 
a decline in  unctional residual capacity (FRC). A 
patient is anesthetized and positioned  or surgery: they 
are placed in the supine position, anesthesia is induced, 
 ollowed by muscle paralysis, then the patient is placed 
in > 30-degree  rendelenburg position and nonlaparo-
scopic upper abdominal surgery is started. Which o  
the  ollowing  actors is LEAS  LIKELY to decrease 
FRC? 

 (A) patient in supine position
 (B) induction o  general anesthesia
 (C) addition of muscle paralysis
 (D) > 30-degree  rendelenburg position
 (E) nonlaparoscopic upper abdominal surgery 

T e addition o  muscle paralysis (and mechanical ven-
tilation) does not signi cantly decrease FRC in an 
already anesthetized patient.
 When a patient changes position  rom upright to 
supine, FRC decreases by 0.8 to 1.0 L. A ter induction 
o  anesthesia, FRC decreases a  urther 0.4 to 0.5 L. 
Steep  rendelenburg position (> 30-degree head-
down) may  urther reduce FRC. Upper abdominal 
surgical procedures typically reduce FRC by 60% to 
70% with the e ects lasting 7 to 10 days.

Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 
& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 19. Postoperatively, a patient is noted to have signi cant 
systemic hypertension. Which o  the  ollowing is the 
greatest risk  actor  or postoperative hypertension?

 (A) history of essential hypertension
 (B) increased sympathetic nervous system activity 

due to pain 
 (C) increased sympathetic nervous system activity 

due to hypercapnia
 (D) shivering
 (E) hypervolemia 

A history o  essential hypertension is the great risk  ac-
tor  or signi cant hypertension in the PACU. T e di -
 erential diagnosis o  postoperative hypertension is 
broad and includes:
• increased sympathetic nervous system activity due to: 
 • pain
 • agitation
 • hypercapnia
 • bowel distention/urinary retention 
• arterial hypoxemia 
• hypervolemia
• shivering
• increased intracranial pressure—drug rebound
• emergence excitement

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 20. A ter an exploratory laparotomy  or a bowel per oration, 
a patient is trans erred to the postanesthesia care unit 
(PACU), and persistent hypotension is noted. Initial 
treatment consists o  intravenous crystalloids. T e hypo-
tension is not corrected with  uid resuscitation. No 
ECG changes are noted; BP =  95/42; mean arterial 
pressure (MAP) =  60 mm Hg; HR =  96/min; CVP =  
8 mm Hg, CO =  8.4 L/min. Based on this in ormation, 
which o  the  ollowing interventions is recommended? 

 (A) continue IV  luids only
 (B) add in usion o  dobutamine
 (C) add in usion o  vasopressin
 (D) add infusion of norepinephrine
 (E) add in usion o  epinephrine 

T e addition o  an in usion o  norepinephrine is rec-
ommended  or a hypotensive patient with suspected 
septic shock (suspected in ection, hypotension not 
reversed with  uid resuscitation). T e surviving sepsis 
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guidelines recommend  uid resuscitation with crystal-
loid as the initial therapy, with target goals o  central 
venous pressure (CVP) 8 to 12 mm Hg, mean arterial 
pressure (MAP) > 65 mm Hg, urine output > 0.5 mL/
kg/hr, superior vena cava oxygenation saturation 
(SCVO2) 70%. Vasopressors should be added to target 
MAP o  65 mm Hg. Norepinephrine is the  rst choice 
o  vasopressor, while vasopressin and epinephrine are 
recommended when additional agents are required to 
maintain blood pressure.
 Postoperatively, the di erential diagnosis  or hypo-
tension is broad and includes:
• decreased preload (hypovolemia, hemorrhage, third-

space losses)
• decreased afterload (sepsis, anaphylaxis, sympathec-

tomy)
• cardiogenic causes affecting rate, rhythm, and con-

tractility (myocardial ischemia, cardiomyopathy, 
valvular disease, arrhythmias)

• obstructive causes (tension pneumothorax, cardiac 
tamponade, massive pulmonary embolus)

Shock is the term  or uncorrected hypotension result-
ing in impaired organ per usion. Decreased preload is 
managed with crystalloids, colloids, or blood products 
as indicated. Decreased a terload is managed with 
vasopressors such as phenylephrine, norepinephrine, 
and vasopressin. Epinephrine is the treatment o  choice 
 or anaphylactic reactions. Decreased cardiac output 
can be increased with a positive inotrope such as dobu-
tamine. Depending on the underlying cause o  the 
decrease in cardiac output, other therapies may be war-
ranted, including emergent interventional cardiac care, 
placement o  an intra-aortic balloon pump, or pacing/
cardioversion. A high index o  suspicion is required to 
diagnose obstructive conditions such as tension pneu-
mothorax, cardiac tamponade, or pulmonary embolus. 
Rapid assessment with bedside ultrasound is becoming 
a popular method to quickly assess and guide patient 
care.
  reatment algorithms  or persistent hypotension 
generally recommend immediate evaluation o  airway, 
breathing, and circulation; placement o  adequate IV 
access; and  uid replacement. I  blood pressure  
remains low, assessment o  hemodynamic data with 
echocardiography/ultrasound assessment, pulmonary 
artery catheter, or arterial line with cardiac output 
measure should quickly  ollow. T is additional data 
should allow  or discrimination between the broad 
classes o  hypotension/shock: 

• hypovolemia is characterized by decreased stroke 
volume (SV), compensatory tachycardia, decreased 
central venous pressure (CVP), decreased cardiac 
output (CO), and increased systemic vascular resis-
tance (SVR)

• decreased afterload (distributive shock) is character-
ized by decreased SVR, decreased SV, decreased 
CVP, and normal or increased CO

• cardiogenic hypotension/shock is characterized by 
decreased CO, increased CVP, and increased SVR

• obstructive hypotension/shock is characterized by 
similar  indings as cardiogenic causes with decreased 
CO, increased CVP, and increased SVR. Ultrasound 
assessment may be a use ul tool to discriminate 
between possible causes.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 21. Multiple patient  actors independently predict the risk 
o  postoperative nausea and vomiting (PONV) in 
adults. Which o  the  ollowing  actors is LEAS  likely 
to predict PONV?

 (A)  emale sex 
 (B) nonsmoking
 (C) history o  motion sickness
 (D) obesity
 (E) patient < 50 years old 

According to the 2014 Society  or Ambulatory Anes-
thesiology consensus guidelines  or the management 
o  PONV, there are multiple independent risk  actors 
 or PONV in adults:
• female sex
• history of PONV or motion sickness 
• younger age (< 50 years)
• general anesthesia rather than regional anesthesia
• use of volatile anesthetics and nitrous oxide
• postoperative opioids
• duration of anesthesia
• type of surgery (laparoscopic, gynecologic, and cho-

lecystectomy)
Disproven risk  actors (or those with limited clinical 
relevance)  or PONV in adults include:
• obesity
• anxiety
• nasogastric tube
• supplemental oxygen
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• perioperative fasting
• migraine

Ref: Gan  J, Diemunsch P, Habib AS, et al. Consensus 
guidelines  or the management o  postoperative nausea 
and vomiting. Anesth Analg 2014;118(1):85–113. 

 22. T e brainstem’s vomiting centers may receive stimula-
tion  rom all o  the  ollowing EXCEP :

 (A) the chemoreceptor trigger zone
 (B) vagal a  erents o  the gastrointestinal tract 
 (C) the vestibular system
 (D) visceral and somatic nuclei
 (E) the cerebral cortex 

In the pathway  or nausea and vomiting, visceral and 
somatic nuclei are “downstream”  rom the vomiting 
centers. Activation o  visceral and somatic nuclei by 
the vomiting center results in sympathetic and vagal 
symptoms and vomiting. T e vomiting centers are 
in uenced by the chemoreceptor trigger zone, the ves-
tibular system, vagal a erents o  the gastrointestinal 
tract, and possibly the cerebral cortex.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 23. T ere are many prevention strategies to reduce the 
baseline risk o  postoperative nausea and vomiting 
(PONV) in adults. Which o  the  ollowing strategies is 
most help ul?

 (A) avoid the use o  neostigmine 
 (B) use nitrous oxide instead o  volatile anesthetic
 (C) use supplemental oxygen
 (D) routine gastric decompression
 (E) adequate hydration 

Guidelines recommend the  ollowing strategies to 
reduce baseline risk  actors  or PONV:
• avoid general anesthesia and use regional anesthesia 

where appropriate 
• avoid nitrous oxide and volatile anesthetics
• use propofol for induction and maintenance
• minimize perioperative opioids with multi-modal 

analgesia
• adequate hydration
Evidence is contradictory that minimizing or avoiding 
neostigmine can reduce the risk o  PONV. Supple-
mental oxygen does not have an e ect on nausea or 

overall vomiting (but it may reduce the risk o  early 
vomiting). Routine gastric decompression is not a rec-
ommended strategy to prevent PONV.

Ref: Gan  J, Diemunsch P, Habib AS, et al. Consensus 
guidelines  or the management o  postoperative nausea 
and vomiting. Anesth Analg 2014;118(1):85–113. 

 24. T e act o  vomiting is associated with which o  the  ol-
lowing physical signs? 

 (A) decreased salivation
 (B) diaphragm contraction
 (C) small intestine peristalsis 
 (D) bradycardia
 (E) abdominal muscle relaxation 

Nausea is an unpleasant sensation, while vomiting is 
the  orce ul expulsion o  stomach contents. During the 
act o  vomiting:
• the diaphragm contracts
• salivation increases
• retroperistalsis o  the small intestine
• tachycardia
• abdominal muscles contract
• fundus and cardia of stomach relax
• antrum of stomach contracts

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 25. Which o  the  ollowing medications is NO  indicated 
 or prophylaxis and/or treatment o  PONV?

 (A) dexamethasone
 (B) scopolamine 
 (C) esomeprazole
 (D) haloperidol
 (E) perphenazine 

Proton pump inhibitors (e.g., esomeprazole, pantopra-
zole, lansoprazole) are not indicated  or prophylaxis or 
treatment o  PONV. Proton pump inhibitors are indi-
cated  or treatment o  duodenal ulcer, GERD, and 
Zollinger-Ellison syndrome, and may be used preop-
eratively to reduce gastric volume and acidity.
 Pharmacotherapy  or prophylaxis and/or treatment 
o  PONV may include:
• NK-1 antagonists (aprepitant) 
• antihistamines (dimenhydrinate, meclizine)
• 5-HT3 antagonists (ondansetron, etc.)
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• corticosteroids (dexamethasone)
• propofol (maintenance anesthesia, subhypnotic doses)
• butyrophenones (droperidol) 
• anticholinergics (scopolamine)
• phenothiazines (perphenazine)

Refs: Gan  J, Diemunsch P, Habib AS, et al. Consensus 
guidelines  or the management o  postoperative nausea 
and vomiting. Anesth Analg 2014;118(1):85–113.

American Society o  Anesthesiologists: Practice guidelines  or 
preoperative  asting and the use o  pharmacologic agents 
to reduce the risk o  pulmonary aspiration: application to 
healthy patients undergoing elective procedures. An 
updated report by the American Society o  Anesthesiolo-
gists  ask Force on Preoperative Fasting. Anesthesiology 
2011;114:495–511.

 26. Which o  the  ollowing H1-receptor antagonists is 
indicated  or treatment o  postoperative nausea and 
vomiting (PONV) in adults?

 (A)  exo enadine
 (B) loratadine 
 (C) dimenhydrinate
 (D) cetirizine
 (E) chlorpheniramine 

Dimenhydrinate is an H1-receptor antagonist that is 
indicated  or treatment o  PONV in adults. Other 
H1-receptor antagonists that are use ul  or treatment 
o  PONV include diphenhydramine, promethazine, 
and hydroxyzine. Second-generation antihistamines 
such as loratadine,  exo enadine, and cetirizine do not 
cross the blood-brain barrier and are not e ective 
antiemetics. Chlorpheniramine is a  rst-generation 
antihistamine that is not an e ective antiemetic.
Ref: Butterworth JF IV, Mackey DC, Wasnick JD. Morgan 

& Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 

 27. Which o  the  ollowing medications is the LEAS  
e ective at reducing postoperative nausea and vomiting 
(PONV)?

 (A) ondansetron 4 mg IV
 (B) aprepitant 40 mg PO 
 (C) dexamethasone 8 mg IV
 (D) droperidol 1.25 mg IV
 (E) metoclopramide 10 mg IV 

Although metoclopramide 10 mg IV is commonly used 
to prevent PONV, this dose is not e ective. Higher 

doses o  metoclopramide (25–50 mg IV) are ef cacious 
but have a higher incidence o  extrapyramidal side 
e ects. Ondansetron 4 mg IV, aprepitant 40 mg PO, 
dexamethasone 8 mg IV, and droperidol 1.25 mg IV 
are all e ective at reducing PONV. Droperidol is less 
popular with many clinicians due to a “black box” 
warning  rom the FDA regarding Q c prolongation.

Ref: Gan  J, Diemunsch P, Habib AS, et al. Consensus 
guidelines  or the management o  postoperative nausea 
and vomiting. Anesth Analg 2014;118(1):85–113.

 28. In order to reduce postoperative nausea and vomiting 
(PONV) most e ectively, when should ondansetron 
(5-H 3 antagonist) be administered?

 (A) induction o  anesthesia
 (B) end of surgery 
 (C) prior evening be ore surgery
 (D) 2 hours be ore induction o  anesthesia
 (E) during maintenance phase o  anesthesia 

Most 5-H 3 antagonists, including ondansetron, granis-
etron, dolasetron, and tropisetron, require administration 
at the end o  surgery  or e ective PONV prophylaxis. 
Palonosetron, also a 5-H 3 antagonist, is an exception 
and is usually given at induction o  anesthesia.
 Aprepitant (NK-1 antagonist) is typically given just 
prior to induction o  anesthesia.  ransdermal scopol-
amine (anticholinergic) is typically given the prior eve-
ning be ore surgery or at least 2 hours be ore surgery. 
Droperidol (butyrophenone) is typically given at the 
end o  surgery.

Ref: Gan  J, Diemunsch P, Habib AS, et al. Consensus 
guidelines  or the management o  postoperative nausea 
and vomiting. Anesth Analg 2014;118(1):85–113. 

 29. Despite initial prophylactic therapy with ondansetron, 
4 hours a ter surgery a patient has signi cant PONV. 
For this patient, PONV rescue therapy may include all 
o  the  ollowing EXCEP :

 (A) dimenhydrinate 
 (B) ondansetron 
 (C) droperidol
 (D) transdermal scopolamine
 (E) dexamethasone 

Four hours postsurgery, a symptomatic patient previ-
ously given ondansetron should not receive a rescue 
dose o  ondansetron. It is not recommended to repeat 
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the same class o  antiemetic unless > 6 hours have 
passed in recovery.
 Options  or PONV rescue therapy include:
• an antiemetic from a different class than original 

prophylactic medication
• readminister the same antiemetic as prophylactic 

medication i  > 6 hours in recovery 
• nonpharmacologic techniques such as P6 acupres-

sure may be another option  or rescue therapy
• do not readminister scopolamine or dexamethasone. 

 ransdermal scopolamine and dexamethasone have 
a relatively slow onset o  action o  (~2–4 hours  or 
scopolamine) and a long duration o  action.

Refs: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Gan  J, Diemunsch P, Habib AS, et al. Consensus guidelines 
 or the management o  postoperative nausea and vomit-
ing. Anesth Analg 2014;118(1):85–113. 

 30. PONV management may include the use o  droperidol. 
In 2001, the FDA published a “black box” warning 
regarding the use o  droperidol. According to this 
warning, i  droperidol administration is considered, 
which o  the  ollowing measures is recommended? 

 (A) avoid droperidol  or patients with hyperkalemia
 (B) avoid droperidol  or patients with tachycardia
 (C) droperidol only  or prophylaxis o  PONV
 (D) after droperidol, monitor ECG for 2 to  

3 hours 
 (E) a ter droperidol, monitor  or extrapyramidal side 

e  ects 

I  droperidol is administered, the ECG should be 
monitored a terwards  or 2 to 3 hours to assess  or 
arrhythmias. T e concern with droperidol is it may 
cause Q  prolongation and potentially serious 
arrhythmias, including torsades de pointes. T e FDA 
black box warning also includes other recommen- 
dations:
• only use droperidol if a patient fails to respond to 

other antiemetics; not as prophylaxis.
• if droperidol is considered, all patients should have 

a 12-lead ECG to assess the Q  interval. I  the Q  
interval is prolonged, then droperidol should not be 
administered.

• droperidol should be administered with “extreme 
caution” to patients at risk o  prolonged Q  interval, 

including patients with bradycardia, congestive heart 
 ailure, hypokalemia, or hypomagnesemia.

Droperidol can cause extrapyramidal side e ects, but 
this is not part o  the FDA black box warning.

Ref: http://www. da.gov/Sa ety/MedWatch/Sa etyIn ormation/
Sa etyAlerts orHumanMedicalProducts/ucm173778.htm 

 31. Multi-modal therapy is selected  or a patient at high 
risk o  PONV. Compared to monotherapy, which o  
the  ollowing combinations is LEAS  e ective at 
reducing PONV?

 (A) ondansetron +  dexamethasone 
 (B) ondansetron +  droperidol
 (C) ondansetron +  casopitant
 (D) dexamethasone +  metoclopramide
 (E) dexamethasone +  droperidol 

Compared to monotherapy with dexamethasone, the 
addition o  metoclopramide does not  urther reduce 
the incidence o  PONV. Other combinations o  mul-
timodal therapy that demonstrate superior e ective-
ness compared to monotherapy include:
• ondansetron +  dexamethasone
• ondansetron +  droperidol
• dexamethasone +  droperidol 
• ondansetron +  casopitant

Refs: Gan  J, Diemunsch P, Habib AS, et al. Consensus 
guidelines  or the management o  postoperative nausea 
and vomiting. Anesth Analg 2014;118(1):85–113.

Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 32. Best evidence suggests which o  the  ollowing non-
pharmacologic modalities as most e ective at reducing 
the incidence o  postoperative nausea and vomiting 
(PONV)?

 (A) music therapy
 (B) ginger 
 (C) hypnosis
 (D) P6 acupoint stimulation
 (E) aromatherapy with isopropyl alcohol 

Best evidence suggests that P6 acupoint stimulation 
with a variety o  techniques including acupuncture, 
transcutaneous nerve stimulation, and acupressure is an 
e ective method o  PONV prophylaxis. Meta-analysis 
o  multiple studies concludes that P6 stimulation is as 
e ective as pharmacotherapy using ondansetron or 
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droperidol. Nonpharmacologic modalities that are not 
e ective  or PONV prophylaxis include music therapy 
and aromatherapy with isopropyl alcohol. Nonphar-
macologic modalities with insuf cient evidence include 
hypnosis and ginger.

Refs: Gan  J, Diemunsch P, Habib AS, et al. Consensus 
guidelines  or the management o  postoperative nausea 
and vomiting. Anesth Analg 2014;118(1):85–113.

Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 33. A ter a general anesthetic with the use o  neuromuscu-
lar blocking drugs, a patient is awake and recovering 
in the postanesthesia care unit (PACU). T e patient 
seems to have upper airway obstruction with a para-
doxical breathing pattern. Residual neuromuscular 
blockade is considered in the di erential diagnosis. In 
this situation, which o  the  ollowing methods to assess 
 or the ability to maintain and protect the airway is 
pre erred? 

 (A) train-o - our stimulation
 (B) tetanic stimulation
 (C) grip strength
 (D) sustained head lift 
 (E) tongue protrusion

In an awake patient, clinical evaluation is pre erred 
over the use o  pain ul train-o - our or tetanic stimula-
tion to assess  or residual neuromuscular blockade. 
Sustained head li t  or 5 seconds is the standard to 
assess  or the ability to maintain and protect the air-
way. Other clinical assessments include tongue protru-
sion and grip strength. Another clinical measure that 
correlates with pharyngeal muscle tone is the ability to 
oppose the incisor teeth against a tongue depressor. 

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 34. Postoperatively, which o  the  ollowing complications 
is most common? 

 (A) upper airway obstruction
 (B) hypotension
 (C) hypertension 
 (D) altered mental status
 (E) nausea and vomiting 

Postoperatively, the most common complication is nau-
sea and vomiting. Other common complications include 
upper airway obstruction, hypotension, arrhythmias, 

hypertension, and altered mental status. With respect to 
malpractice claims and serious adverse events, cardiovas-
cular and respiratory incidents are most signi cant.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 35. A physically  t, 30-year-old male patient undergoes 
an inpatient surgical procedure. His airway manage-
ment includes the use o  a de asciculating dose o  
rocuronium and succinylcholine. He is ambulatory 
shortly a ter the procedure but notes signi cant myal-
gias (muscle sti ness)  or 3 days postoperatively. 
Which o  the  ollowing  actors IS associated with 
postoperative myalgias? 

 (A) patient with greater muscle mass
 (B) male sex
 (C) inpatient surgery
 (D) early ambulation 
 (E) use o  de asciculating dose o  rocuronium 

Early ambulation a ter the use o  succinylcholine is 
associated with a higher risk o  postoperative 
myalgias.
 Postoperative myalgias are reported to occur in  
0.2% to 89% o  patients a ter the use o  succinylcho-
line. Risk  actors  or the development o  succinylcholine- 
associated postoperative myalgias include:
• minor, ambulatory surgery
• female sex
• patients with less muscle mass (e.g., bedridden)
• early ambulation after surgery
 T ere are many published methods to reduce the 
incidence o  succinylcholine-associated myalgias, 
including lidocaine, NSAIDs, and de asciculating 
doses o  nondepolarizing neuromuscular blocking 
drugs. Un ortunately the evidence is con icting. Some 
studies suggest that pretreatment with a nondepolar-
izing neuromuscular blocker to prevent succinylcholine-
induced  asciculations may reduce the incidence o  
postoperative myalgias by ~30%. Other studies sug-
gest that although succinylcholine-induced  ascicula-
tions can be prevented, pretreatment with a nondepo-
larizing neuromuscular blocker does not reduce the 
incidence o  myalgias. 

Refs: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Wong SF, Chung F. Succinylcholine-associated postoperative 
myalgia. Anaesthesia 2000; 55:144–152. 
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 36. Which o  the  ollowing is a risk  actor  or postoperative 
cognitive dys unction (POCD)? 

 (A) general anesthesia
 (B) patient’s age
 (C) intraoperative episodes o  hypotension 
 (D) intraoperative episodes o  hypoxemia
 (E) ambulatory surgery 

Risk  actors  or the development o  postoperative cog-
nitive dys unction (POCD) include increasing age, 
duration o  anesthesia, second operation, presence o  
in ectious and respiratory complications, and level o  
patient education.  ype o  anesthesia, intraoperative 
hypotension, and hypoxemia are not correlated with 
POCD, while ambulatory surgery has a lower rate o  
POCD compared to inpatient surgery.

Refs: Silverstein JH,  imberger M, Reich DL, et al. Central 
nervous system dys unction a ter noncardiac surgery and 
anesthesia in the elderly. Anesthesiology 2007;106: 
622–628.

Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 37. For an adult, which o  the  ollowing is a risk  actor  or 
the development o  postoperative delirium?

 (A) decreased functional status
 (B) intraoperative use o  nitrous oxide 
 (C) intraoperative hematocrit < 35%
 (D) age > 40 years
 (E) general anesthesia 

Preoperatively, a patient with decreased  unctional sta-
tus is at increased risk o  postoperative delirium.
 Delirium is de ned as an acute change in “cogni-
tion or disturbance o  consciousness that cannot be 
attributed to a preexisting medical condition, sub-
stance intoxication, or medication.” Other patient risk 
 actors include age > 70 years, previous history o  
delirium, preexisting cognitive de cit, and alcohol 
abuse. Intraoperative risk  actors include hematocrit 
< 30%, amount o  surgical blood loss, and number  
o  blood trans usions. Anesthetic technique, use o  
nitrous oxide, and intraoperative hypotension are not 
associated with increased risk o  delirium.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 38. Within 8 hours o  surgery, a patient’s mental  unction 
is notably altered. T e patient, who previously exhib-
ited no cognitive de cits, now exhibits altered level o  
attention and altered level o  consciousness. T e symp-
toms resolve a ter approximately 1 week. Which o  the 
 ollowing is the best term to describe these  ndings? 

 (A) postoperative cognitive dys unction
 (B) postoperative delirium
 (C) emergence excitement
 (D) dementia 
 (E) delayed awakening 

Postoperative delirium presents with impaired atten-
tion and altered level o  consciousness, and is usually 
reversible. Postoperative delirium is characterized by 
acute onset (hours to days), with a duration o  days to 
weeks.
 Postoperative cognitive dys unction (POCD) is 
characterized by subtle onset (weeks to months), with 
a duration o  weeks to months. POCD is also associ-
ated with impaired attention, but level o  conscious-
ness is normal. POCD is usually reversible but it can 
be long lasting.
 Emergence delirium occurs immediately a ter emer-
gence  rom general anesthesia and typically resolves 
within minutes to hours.
 Dementia is a syndrome associated with disturbed 
memory, learning, language, and judgment. It is pro-
gressive in nature and not associated with altered 
consciousness. Delayed awakening describes a patient 
who does not respond to stimulation a ter discontinu-
ation o  anesthesia (usually response should occur 
within 60–90 minutes).

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 39. A patient undergoing a laparoscopic sigmoid resection 
receives a general anesthetic. Sevo urane,  entanyl, and 
rocuronium are selected  or maintenance o  anesthesia. 
Post-surgery, the patient  ails to regain consciousness 
60 minutes a ter the discontinuation o  general anes-
thesia.  ypically, what is the most likely explanation o  
this delayed emergence? 

 (A) residual effects of sedative drugs
 (B) residual neuromuscular blockade
 (C) hypothermia
 (D) perioperative stroke
 (E) hypoglycemia 
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T e most common cause o  delayed emergence is due 
to the residual e ects o  sedative drugs (volatile anes-
thetics, induction agents, opioids, benzodiazepines). 
Although the time period  or awakening a ter anesthe-
sia may vary considerably  rom one patient to another, 
delayed emergence a ter general anesthesia is usually 
de ned as  ailure to regain consciousness within 30 to 
90 minutes a ter the discontinuation o  anesthesia. 
Other possible causes o  delayed emergence include:
• prolonged neuromuscular blockade 
• neurologic complications, including stroke
• metabolic disturbances such as hypo- or hyperglyce-

mia, hypo- or hypernatremia, hypercalcemia, or 
hypermagnesemia

• hypothermia
• respiratory failure

A suggested approach  or a patient with delayed 
emergence includes assessing vital signs and level o  
consciousness;  ollowed by review o  perioperative 
medications and use o  reversal agents as indicated; 
assessment o  glucose, temperature, and arterial blood 
gas; and other tests including chest X-ray and C  head 
as indicated.

Refs: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

Butterworth JF IV, Mackey DC, Wasnick JD. Morgan & 
Mikhail’s Clinical Anesthesiology, 5th ed. New York, NY: 
McGraw Hill; 2013. 
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 CHAPTER 30

Special Problems or Issues in 
Anesthesiology 

 1. In order to reduce  atigue and sleep deprivation, resi-
dent work hours are regulated. Fatigue can be an 
important cause o  per ormance errors. A per ormance 
error due to sleep vulnerability is most likely to occur 
at what time o  day?

 (A) between 0200 and 0700
 (B) between 0700 and 1200
 (C) between 1200 and 1700
 (D) between 1700 and 2200
 (E) between 2200 and 0200

 2. Human per ormance in the operating room may be 
a ected by many di erent  actors. Best evidence shows 
which o  the  ollowing is potentially the MOS  detri-
mental to an anesthesiologist’s per ormance in the 
operating room?

 (A) reading in the operating room
 (B) playing music in the operating room
 (C) ingestion o  a single alcoholic beverage 8 hours 

prior to working
 (D) 4 hours o  sleep within the last 24 hours
 (E) occupational exposure (time-weighted average) 

to 25 ppm nitrous oxide 

 3. According to the ASA  ask Force on Chemical Depen-
dence, which o  the  ollowing descriptions is MOS  
characteristic o  an addicted anesthesiologist?

 (A) most abuse propo ol
 (B) most are in academic practice 
 (C) most have a  amily history o  addiction
 (D) most are usually detected within 2 years
 (E) most are anesthesiology residents 

 4. Un ortunately, identi cation o  a physician who is 
chemically dependent usually occurs at a late stage. 
Awareness o  the signs and symptoms o  chemical 
dependency may prompt earlier intervention. Which 
o  the  ollowing may be a work-related sign or symp-
tom o  opioid dependence?

 (A) meticulous charting
 (B) unwillingness to take call
 (C) weight gain
 (D) pre erence  or working alone
 (E) unwillingness to relieve others 

 5. An impaired physician is identi ed and agrees to 
undergo treatment  or opioid dependency. A ter com-
pletion o  the treatment program, the physician 
requests to return to the workplace. T e Americans 
with Disabilities Act (ADA) may o er some protection 
 or physicians with a history o  chemical dependency. 
In general, which o  the  ollowing scenarios is in agree-
ment with the ADA? 

 (A)  he employer must make accommodation  or 
the recovering physician to reenter the work-
place.

 (B) A physician currently using drugs is protected 
 rom losing their job.

 (C)  he employer may o  er a modi ied work  
schedule  or the recovering physician. 

 (D)  he employer must provide ongoing treatment 
 or the recovering physician.

 (E)  he returning physician must complete at least 
6 months o  naltrexone treatment be ore reentry 
into the workplace. 
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 6. An anesthesiologist per orms an interscalene block on 
the patient’s wrong side. A medical malpractice suit is 
brought against the anesthesiologist. Which o  the  ol-
lowing is the most likely cause o  action?

 (A) abandonment
 (B) criminal negligence
 (C) vicarious liability
 (D) battery
 (E) assault 

 7. A demented, geriatric patient requires a surgical proce-
dure. T e patient has an advance directive: a do-not-
resuscitate (DNR) order. T e morning o  surgery, the 
patient’s surrogate decision maker states that the DNR 
order SHOULD NO  BE SUSPENDED during anes-
thesia and surgery. Which o  the  ollowing is correct? 

 (A)  he anesthesiologist should obtain a court order 
to suspend the DNR order.

 (B) Irrespective o  the instructions o  the surrogate 
decision maker, the DNR order is automatically 
suspended during anesthesia and surgery.

 (C)  he anesthesiologist should review any  
exceptions to the DNR order.

 (D)  he anesthesiologist must participate in the care 
o  the patient.

 (E)  he DNR order is not legally binding in the 
operating room. 

 8. A pro essional opera singer undergoes a surgical proce-
dure that requires general anesthesia and endotracheal 
intubation. Given the patient’s pro ession, the in ormed 
consent process includes a lengthy discussion regarding 
the risks o  endotracheal tube placement and potential 
vocal cord injury. Which o  the  ollowing aspects o  
in ormed consent best describes this disclosure? 

 (A) reasonable person standard
 (B) subjective standard
 (C) pro essional standard
 (D) therapeutic privilege 
 (E) paternalism 

 9. An anesthesiologist is sued  or negligence related to the 
in ormed consent process. T e case involves a parturi-
ent who received an epidural  or labor and delivery. T e 
patient claims the consent  or the epidural was not 
valid because she was in too much pain during the 
in ormed consent process. According to the patient, 
which o  the  ollowing components o  the in ormed 
consent  or anesthesia was lacking? 

 (A) voluntariness
 (B) disclosure
 (C) recommendation
 (D) understanding 
 (E) autonomous authorization 

 10. A ter reviewing a medication error, a hospital sa ety 
committee attempts to design a system to prevent 
 uture medication errors. Such a system should include 
which o  the  ollowing processes?

 (A) Have physicians prepare intravenous solutions in 
patient care areas. 

 (B) Use the same procedures  or all types o   
medication.

 (C) Reduce use o  pharmacists during bedside 
rounds.

 (D) Implement computerized order entry.
 (E) Improve visibility o  dangerous medications in 

patient care areas. 

 11. During surgery an anesthesiologist gives the patient a 
wrong unit o  packed red blood cells (PRBCs). An 
acute hemolytic trans usion reaction occurs. T e 
patient recovers unevent ully. Which o  the  ollowing 
should occur?

 (A) document in chart; no disclosure to patient 
required as no long-term harm occurred

 (B) disclosure to patient is mandatory 
 (C) initial disclosure should occur only a ter a  

thorough review o  the error
 (D) risk management personnel, rather than the 

anesthesiologist, should disclose to patient
 (E) disclosure to patient should include speculation 

as to who was at  ault 
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Answers and Explanations: 
Special Problems or Issues in Anesthesiology

 1. In order to reduce  atigue and sleep deprivation, resi-
dent work hours are regulated. Fatigue can be an 
important cause o  per ormance errors. A per ormance 
error due to sleep vulnerability is most likely to occur 
at what time o  day?

 (A) between 0200 and 0700
 (B) between 0700 and 1200
 (C) between 1200 and 1700
 (D) between 1700 and 2200
 (E) between 2200 and 0200 

T e time between 0200 and 0700 (2 am and 7 am) 
represents the time when a person is most vulnerable 
to sleep (the second most vulnerable time is  rom 2 pm 
to 6 pm). In order the reduce the potential risk  or 
per ormance errors due to sleep deprivation and 
 atigue, there are regulations set by the Accreditation 
Council  or Graduate Medical Education (ACGME) 
that limit resident work hours.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 2. Human per ormance in the operating room may be 
a ected by many di erent  actors. Best evidence shows 
which o  the  ollowing is potentially the MOS  detri-
mental to an anesthesiologist’s per ormance in the 
operating room?

 (A) reading in the operating room
 (B) playing music in the operating room
 (C) ingestion o  a single alcoholic beverage 8 hours 

prior to working
 (D) 4 hours of sleep within the last 24 hours
 (E) occupational exposure (time-weighted average) 

to 25 ppm nitrous oxide 
Ideally, typical adults require 7 to 8 hours o  sleep each 
night. Sleep deprivation o  just 2 hours less sleep per 
night can have a detrimental e ect on per ormance. 

Un ortunately sleep debts are very common through-
out society and are a source o  not only medical errors 
but also other industrial accidents.
 Reading may distract  rom overall vigilance in the 
OR; the degree to which this a ects overall per or-
mance is not known. O ten the issue with reading in 
the OR  ocuses on pro essionalism and the negative 
perceptions o  surgeons and patients.
 In general, noise can negatively a ect per ormance. 
However, with respect to music in the OR, there is 
con icting evidence as to whether music promotes a 
relaxed atmosphere or inter eres with work in the OR.
 T ere is no clear-cut evidence  or a threshold at 
which occupational exposure to anesthetic waste gases 
impairs per ormance.
 With respect to alcohol consumption, there is little 
evidence regarding per ormance in the medical domain. 
Occupational studies  rom other  elds suggest that a 
“hangover” can a ect per ormance even a ter there is 
no detectable blood alcohol level. 

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 3. According to the ASA  ask Force on Chemical Depen-
dence, which o  the  ollowing descriptions is MOS  
characteristic o  an addicted anesthesiologist?

 (A) most abuse propo ol
 (B) most are in academic practice 
 (C) most have a  amily history o  addiction
 (D) most are usually detected within 2 years
 (E) most are anesthesiology residents 

T e ASA  ask Force on Chemical Dependence has 
identi ed a number o  characteristics o  addicted 
anesthesiologists:
• most abuse opioids (fentanyl abuse is most common)
• most are in academic practice
• most have no family history of addiction
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• although residents are relatively overrepresented, 
most are attending anesthesiologists

• approximately half are younger than 35 years
Most addicted anesthesiologists are detected within  
1 year o  abuse. T is is likely due to the potency o  drugs 
abused (particularly  entanyl and su entanil). In con-
trast, detection o  alcohol abuse may take many years.

Refs: Arnold WP, Bogard  D, Harter RL, et al. Model cur-
riculum on drug abuse and addiction  or residents in 
anesthesiology, American Society o  Anesthesiologists, 
Committee on Occupation Health,  ask Force on 
Chemical Dependence, http://www.asahq.org/.../Practice 
Management/modelcurriculum/en/1.

Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA:  
Elsevier; 2015.

 4. Un ortunately, identi cation o  a physician who is 
chemically dependent usually occurs at a late stage. 
Awareness o  the signs and symptoms o  chemical 
dependency may prompt earlier intervention. Which 
o  the  ollowing may be a work-related sign or symp-
tom o  opioid dependence?

 (A) meticulous charting
 (B) unwillingness to take call
 (C) weight gain
 (D) preference for working alone
 (E) unwillingness to relieve others 

Although none o  the signs o  chemical dependency 
may be pathognomonic (except  or witnessed sel -
administration), opioid dependence may be associated 
with a pre erence  or working alone.
 Other signs o  opioid dependence may include:
• withdrawal from outside interests
• unusual changes in behavior (e.g., wide mood swings) 
• unexplained absences
• careless charting
• frequent bathroom breaks
• unusual willingness to take call
• unusual willingness to relieve others
• difficult to find when on call
• apparent increase in opioid use for anesthetics, yet 

excessive postoperative pain in patients
Other signs and symptoms are speci cally related to 
the drug o  choice and withdrawal syndromes. For 
opioids, weight loss, pinpoint pupils, chills, or diapho-
resis may be noticeable.

 When taken together, the picture o  an opioid-
dependent physician is one who struggles to maintain 
normal work-home relationships, seeks opportunities 
to divert drugs, and may show signs o  withdrawal. 
Un ortunately, denial may delay intervention until the 
physician is  ound dead.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 5. An impaired physician is identi ed and agrees to 
undergo treatment  or opioid dependency. A ter com-
pletion o  the treatment program, the physician 
requests to return to the workplace. T e Americans 
with Disabilities Act (ADA) may o er some protection 
 or physicians with a history o  chemical dependency. 
In general, which o  the  ollowing scenarios is in agree-
ment with the ADA? 

 (A)  he employer must make accommodation  or 
the recovering physician to reenter the work-
place.

 (B) A physician currently using drugs is protected 
 rom losing their job.

 (C) The employer may offer a modified work 
schedule for the recovering physician. 

 (D)  he employer must provide ongoing treatment 
 or the recovering physician.

 (E)  he returning physician must complete at least 
6 months o  naltrexone treatment be ore reentry 
into the workplace. 

T e Americans with Disabilities Act (ADA) considers 
a physician with a history o  chemical dependence as 
having a disability. T e ADA requires that an employer 
make “reasonable accommodation”  or the disabled 
individual. A modi ed work schedule  or the recover-
ing physician is in agreement with the ADA.
 T e ADA does not protect a physician who is currently 
abusing drugs. T e ADA also does not speci y that the 
employer provide ongoing treatment  or the recovering 
physician. T e employer also does not have to accom-
modate the recovering physician i  “undue hardship” 
(e.g., excessive cost) would result. Although many treat-
ment programs (and state regulations) require at least  
6 months o  naltrexone treatment  or opioid-dependent 
physicians, this is not part o  the ADA requirements.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.
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 6. An anesthesiologist per orms an interscalene block on 
the patient’s wrong side. A medical malpractice suit is 
brought against the anesthesiologist. Which o  the  ol-
lowing is the most likely cause o  action?

 (A) abandonment
 (B) criminal negligence
 (C) vicarious liability
 (D) battery
 (E) assault 

Wrong-sided surgery may bring action against an anes-
thesiologist  or a number o  di erent reasons including 
lack o  in ormed consent, medical negligence, and bat-
tery. Since the patient did not discuss having a proce-
dure on the wrong-sided site, there cannot be in ormed 
consent.  ouching a patient without consent is battery 
(assault is the attempt to touch another person). Medi-
cal negligence is a breach o  duty causing harm. I  care 
is  ar  rom the standard o  care, criminal negligence 
may be prosecuted. Abandonment can result i  an anes-
thesiologist  ails to provide continuity o  care once they 
have assumed responsibility  or the patient. Vicarious 
liability can result i  an anesthesiologist  ails to provide 
reasonable oversight o  those working  or them.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 7. A demented, geriatric patient requires a surgical proce-
dure. T e patient has an advance directive: a do-not-
resuscitate (DNR) order. T e morning o  surgery, the 
patient’s surrogate decision maker states that the DNR 
order SHOULD NO  BE SUSPENDED during anes-
thesia and surgery. Which o  the  ollowing is correct? 

 (A)  he anesthesiologist should obtain a court order 
to suspend the DNR order.

 (B) Irrespective o  the instructions o  the surrogate 
decision maker, the DNR order is automatically 
suspended during anesthesia and surgery.

 (C) The anesthesiologist should review any  
exceptions to the DNR order.

 (D)  he anesthesiologist must participate in the care 
o  the patient.

 (E)  he DNR order is not legally binding in the 
operating room. 

Advance directives, including DNR orders, are NO  
automatically suspended  or surgery and anesthesia. 
According to ASA guidelines  or care o  patients with a 

DNR order, the required preoperative discussion  or a 
patient with a DNR order includes:
• review of the DNR order with clarification or mod-

i ication as required
• review of any exceptions to the DNR order
• a review of plan for reinstating DNR order after 

recovery  rom anesthesia
A ter discussion, the DNR order may be continued, 
modi ed, or revoked, and as required, the anesthesi-
ologist should document consent  or speci c resuscita-
tive measures.
 Under certain circumstances, an anesthesiologist 
may re use to treat a patient with an active DNR order, 
with the provision that alternative care is arranged.

Refs: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier.

Kelly RJ. Perioperative Do-Not-Resuscitate Orders. ASA  
Monitor 2014;78(3):14–47.

 8. A pro essional opera singer undergoes a surgical proce-
dure that requires general anesthesia and endotracheal 
intubation. Given the patient’s pro ession, the 
in ormed consent process includes a lengthy discus-
sion regarding the risks o  endotracheal tube place-
ment and potential vocal cord injury. Which o  the 
 ollowing aspects o  in ormed consent best describes 
this disclosure? 

 (A) reasonable person standard
 (B) subjective standard
 (C) pro essional standard
 (D) therapeutic privilege 
 (E) paternalism 

In this situation a patient with a special need (as an 
opera singer) requires speci c in ormation to be dis-
closed (risk o  vocal cord injury) in order to  ully weigh 
the risks o  endotracheal intubation and consent to the 
anesthetic technique. T is is known as the “subjective 
standard.”
 In ormed patient consent requires the physician to 
disclose medical in ormation. T ere are two main stan-
dards: the a orementioned “subjective standard”  or 
speci c in ormation, and the “reasonable person” stan-
dard. T e “reasonable person” standard requires the 
physician to disclose all in ormation a “reasonable per-
son” would desire.
 T e “pro essional standard,” which is not typically 
recognized, requires disclosure o  in ormation that a 
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physician would disclose to another physician o  the 
same specialty. Rarely used, therapeutic privilege is 
avoidance o  a medical disclosure in order to avoid psy-
chological or physical harm o  a patient.
 Paternalism is a belie  that the physician inherently 
knows what is best  or the patient. Current practice o  
in ormed consent af rms patient autonomy to make 
their own decisions.

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 9. An anesthesiologist is sued  or negligence related to the 
in ormed consent process. T e case involves a parturi-
ent who received an epidural  or labor and delivery. T e 
patient claims the consent  or the epidural was not 
valid because she was in too much pain during the 
in ormed consent process. According to the patient, 
which o  the  ollowing components o  the in ormed 
consent  or anesthesia was lacking? 

 (A) voluntariness
 (B) disclosure
 (C) recommendation
 (D) understanding 
 (E) autonomous authorization 

Modern in ormed consent has seven components:
1. Decision-making capacity—this is relevant  or a spe-

ci ic decision at a speci ic time. Patients need to 
understand treatment options and repercussions o  
re using treatment.

2. Voluntariness—patients must willingly participate in 
care without coercion.

3. Disclosure—relevant information for the patient to 
make a decision.

4. Recommendation—anesthesiologist’s opinion o  
advantages and disadvantages o  each treatment 
option.

5. Understanding—o  risks and bene its. Despite the 
patient’s claims, pain DOES NO  inhibit the ability 
to recall risks and DOES NO  prevent in ormed 
consent.

6. Decision—patient’s decision o  anesthetic technique.
7. Autonomous authorization—patient intentionally 

authorizes speci ic procedure (e.g., surgical consent 
 orm or separate anesthesia consent  orm).

Ref: Miller RD. Miller’s Anesthesia, 8th ed. Philadelphia, PA: 
Elsevier; 2015.

 10. A ter reviewing a medication error, a hospital sa ety 
committee attempts to design a system to prevent 
 uture medication errors. Such a system should include 
which o  the  ollowing processes?

 (A) Have physicians prepare intravenous solutions in 
patient care areas. 

 (B) Use the same procedures  or all types o  medica-
tion.

 (C) Reduce use o  pharmacists during bedside 
rounds

 (D) Implement computerized order entry
 (E) Improve visibility o  dangerous medications in 

patient care areas.

Reduction in medication errors requires evaluation o  
all involved systems including:
• prescription
• documentation
• transcription
• dispensing
• administration
• monitoring
Sa e practice also includes built-in redundancies so a 
medication is reviewed and con rmed be ore adminis-
tration. Suggested best practice recommendations to 
reduce medication errors include:
• technology-based systems such as computerized order 

entry, computerized dosage and allergy review, com-
puterized medication tracking, and bar code readers 
 or medication preparation and administration

• have pharmacists, rather than physicians, prepare 
intravenous solutions

• develop special procedures for high-risk drugs, rather 
than use the same procedure  or all types o  medication 

• increase accessibility of pharmacists for bedside  
clinicians

• improve medication education for physicians, nurses, 
and patients—remove potentially dangerous medica-
tions  rom patient care areas

Ref: Brunton LL, Chabner BA, Knollman BC. Goodman & 
Gilman’s the Pharmacological Basis of T erapeutics, 12th ed. 
New York, NY: McGraw Hill; 2011. 
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 11. During surgery an anesthesiologist gives the patient a 
wrong unit o  packed red blood cells (PRBCs). An 
acute hemolytic trans usion reaction occurs. T e 
patient recovers unevent ully. Which o  the  ollowing 
should occur?

 (A) document in chart; no disclosure to patient 
required as no long-term harm occurred

 (B) disclosure to patient is mandatory 
 (C) initial disclosure should occur only a ter a thor-

ough review o  the error
 (D) risk management personnel, rather than the 

anesthesiologist, should disclose to patient
 (E) disclosure to patient should include speculation 

as to who was at  ault 

According to the Joint Commission on Accreditation 
o  Healthcare Organizations (JCAHO), all patient 
outcomes, both anticipated and unanticipated, require 
disclosure. Despite this requirement to disclose medi-

cal errors to patients, o ten incomplete or no in orma-
tion is provided. T is is o ten due to medico-legal con-
cerns and incomplete knowledge as to what to disclose 
and how to do it. In general, the initial disclosure 
should be made in a timely manner. It should include 
an explanation o  what occurred, without speculation, 
and an apology or admission o  liability is not required. 
In general, the responsible physician should disclose to 
the patient; however, in certain situations, risk man-
agement personnel may o er assistance. Ongoing 
communication with the patient’s  amily should be 
established to provide additional in ormation as the 
patient sa ety review process is completed.

Refs: Longnecker DE, Brown DL, Newman MF, Zapol 
WM. Anesthesiology, 2nd ed. New York, NY: McGraw 
Hill; 2012.

Gallagher  H, Denham CR, Leape LL, et al. Disclosing 
unanticipated outcomes to patients: the art and practice. 
J Patient Saf 2007;3:158–165.
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A
α 1-acid glycoprotein, 275
α 2, 78
Abciximab, 307
Abortion, spontaneous, 478
Absolute humidity, 328
Absolute risk reduction (ARR), 397
Acceleromyography (AMG), 370
Accessory muscles, 101
Acetylation, 201
Acetylcholine, 80

and nicotinic receptors, 81
and parasympathetic postsynaptic 

receptors, 80
release o , 39, 84
synthesis, 80

Acetylcholinesterase, 80, 84
Actin, 71
Active tubular secretion, 161
Acupressure, 505
Acupuncture, 500
Acute cocaine intoxication, 218
Acute hemolytic trans usion reactions 

(AH Rs), 178
Acute normovolemic hemodilution 

(ANH), 304, 310
Acute (bolus) pain, epidural or intrathecal 

opioids  or the treatment o , 226
Acute porphyria, 236
Adaptors, 348
Aδ  bers, 38, 42
Adrenal medulla, 79, 163, 168, 186
Adrenergic receptors, 78–79
Adrenocortical suppression, 252
Air embolism, 311, 472
Airspace consolidation, in chest, 21
Airtraq, 432
Airway

caliber, 108, 359
sensory and motor innervation o ,  

98
Airway hemorrhage, 432
Airway pressure release ventilation 

(APRV), 340, 362
Airway re exes, 264
Aldosterone, 151, 160
Allergies, 415, 420

Allergy, 280
Alpha-2 agonists, 411, 419
Alveolar ventilation, 112, 127
American Society o   esting and Materials 

(AS M), vaporizers and, 349
Amide-linked local anesthetic, 280
Amiodarone, 296
Amlodipine, 296
Analgesia, 257
Analysis o  variance (ANOVA), 389, 394
Anaphylactoid, 198, 205
Anaphylaxis, 147, 177, 205, 310–311
Anesthesia

lumbar epidural, 454
regional, 445–447
stages o , 421

Anesthesia, complications in, 461–466
Anesthesia machine/breathing system, 

335–336
ergonomic  eature o , 339

Anesthesiology, 509–515
Anesthetic agents, 327
Anesthetic drugs, 51
Angiotensin-converting enzyme  

(ACE), 297
Angiotensin II, 151, 154
Anterior neck, ultrasound o , 9–10, 25–26
Antibodies, 65, 175
Anticholinergics, 484
Anticoagulants, 418
Antiglobulin crossmatch, 175
Anti-IgE receptor therapy, 301
Antirejection drugs, 312
Antithrombotics, 310
Aorta, 136
Aortic bodies, 49, 125
Aortic diastolic pressure, 148
Aortic valve, 16
Apnea, 234
Apneic oxygenation, 117
Apneustic center, 41
Arachnoid mater, 46, 58
Arterial blood gases, 179
Arterial blood pressure, 323
Arterial compliance, 145
Arterial thrombosis, 309
Arytenoid cartilage, 99

Arytenoid cartilages, 99
ASA physical status (ASA-PS), 402
Aspiration o  gastric contents, 466, 488
Assist-control ventilator mode, 362
Atlantoaxial subluxation, 22
Atorvastatin, 406
Atracurium, 241
Atrial  utter, 382
Atrial natriuretic peptide (ANP), 151
Atrioventricular valves, 139
Atropine, 158
Augmented in ow e ect, 332
Auscultation, 15
Autologous blood, 175
Automated external de brillators (AEDs), 

382, 385
Autonomic dysre exia, 81
Autonomic nervous system (ANS), 80–81

and acetylcholine, 78
neurotransmitters, 80
parasympathetic, 45, 81
sympathetic, 37

Autotrans usion, 368, 377
Autotrans usion devices, 368, 377
AV node, 138

B
β -agonists, 91, 111
Barbiturates, 229–237
Basal ganglia, 41, 52
Basilar artery, 42
Benzodiazepines, 255–260
Bicarbonate, 123
Big Data, 390, 398
Bilateral vocal cord paralysis, 99
Bile, 153–157
Bilevel positive airway pressure (BiPAP), 99
Biliary spasm, 222

local anesthetics and, 269, 275
Biphasic positive airway pressure (BIPAP), 

362
Biphasic wave orms, 382
Bleeding, 309
Blind nasotracheal intubation, 433
Blood  ow

Laminar, 108
liver, 155
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Blood  ow, redistribution o , 494
Blood pressure, 147
Blood pressure, 49
Blood volume, 161
Body mass index (BMI), 403
Bohr e ect, 96
Botulinum toxin (“Botox”), 37
Boyle’s Law, 319
Bradycardia, 259
Bradykinin, 135
Brain, 73, 75

basal ganglia, 52
cerebral cortex, 51
hippocampus, 50–51
internal capsule, 52
reticular activating system, 51

Brain natriuretic peptide (BNP), 151
Brain stem, 64
Brain stem auditory evoked potentials 

(BAEPs), 64, 243
Bronchoscopy, 424, 436
Bronchospasm, 341, 363, 483–484

 actors that trigger, 483
Bronchus intermedius, 21
Brown-Sequard syndrome, 27
Bupivacaine, 281
Butyrylcholinesterase, 286, 289

C
Calcitonin, 186
Capacity, o  lungs, 110
Capillary hydrostatic pressure, 148
Cardiac collapse, local anesthetics and, 

270, 279
Cardiac conduction system blockade, 280
Cardiac output, 234

delivered to various organ systems at 
rest, 139

Cardiac silhouette, 4, 15
Cardiac skeleton, 137–138
Cardiopulmonary exercise testing (CPE ), 

104–105
Cardioversion de brillators, 385
Carotid baroreceptors, 160
Cartilages

arytenoid, 98
pharynx, 98

Catalepsy, 263
Cauda equina syndrome, 279
Caudal space, 4
Ce azolin, 291, 420
Cell death in ischemia, 56
Cell salvage machines, 377
Central nervous system (CNS), 58
Central respiratory chemoreceptors, 94, 

126
Central venous cannulation, 4, 16–17
Centri uge, 377
Cerebellum, 41
Cerebral blood  ow, 30–31
Cerebral cortex, 40
Cerebral metabolic rate, 213

Cerebral vasoconstriction, 52–53
Chassaignac’s tubercle, 3, 12–13
Chemoreceptors

central respiratory, 94, 126
Chest

airspace consolidation in, 21
computerized tomography o , 5
X-ray, 21

Chi-square test, 389, 396
Chloride shi t, 123
Chloroprocaine, 280
Choline acetyltrans erase, 84
Choroid plexus, 57
Chronic alcohol consumption, 258
Chronic (in usion) pain, epidural or 

intrathecal opioids  or the treatment 
o , 226

Chronic renal  ailure, 290
Ciliary ganglion, 47
Circle breathing system, 338, 352–355
Circle circuit breathing system,  

353–355
Circulation

barbiturates and, 229
benzodiazepines and, 256
etomidate and, 246, 249
ketamine and, 262
opioids and, 226, 230–231
propo ol and, 239

Citrate intoxication, 168, 181–182
Clonidine, 227
Clopidogrel, 309
CO2 response curve, 127
Cocaine abuse, 414
Codeine, 226
Color Doppler  unction, 26
Combitube, 424
Competitive antagonist, 259
Computer crossmatch, 175
Computerized tomography (C ),  

o  chest, 5
Computer virus, 397
Concentration e ect, 332
Conduction, 140, 296
Conductive heat trans er, 372
Con dence intervals (CI), 388
Conjugated estrogens, 418
Conjugation, 153
Connectors, 344
Context-sensitive hal -time, 201
Conus medullaris, 44
Co-oximetry, 373
COPD, 266
Core temperature, 366
Cormack and Lehane grade 2  

view, 421
Corneal abrasions, 469
Coronary blood  ow, 94
Coronary vessels, 131
Corticospinal tract, 40
Corticosteroids, 205
Cranial nerves, 47

Cricothyroid membrane, 13, 100
Cricothyroid muscle, 98
Critical pressure, 319
Cryotherapy, 500
C-type natriuretic peptide (CNP), 151
Cumulative incidence o  recurrence,  

392
Cycle variable, 363

D
D1 receptor mediated diuresis, 314
Dabigatran, 306
Dalton’s Law o  partial pressures, 329
Damping coef cient, 376
Datex-Ohmeda machines, 339, 359
Dead space. See Physiologic dead space
Decreased tissue edema, 170
Deep peroneal nerve, 18
Density, 324
Deoxygenated hemoglobin, 124
Dermatomal coverage, 19
Dermatomal regions, 5
Dermatomes, 450
Des urane, 327
Dexamethasone, 414, 497
Dexmedetomidine, 51, 61, 241, 415
Diameter index sa ety system (DISS),  

322
Diaphragm contraction, 503
Diastolic  unction, 143
Diastolic pressure, 114, 146
Diazepam, 203
Di usion, 116, 326
Di usion hypoxia, 92, 117
Digoxin, 295
Dihydropyridine Ca2+ channel blocker 

(DHP CCB), 296
Dihydroxy-phenylalanine (DOPA), 70
Dilution, air, 343
Dilutional thrombocytopenia, 180
Dimenhydrinate, 504
Diphenhydramine, 237, 504
Direct laryngoscopy, 425
Diuretics, 314, 488
DOPA decarboxylase, 79
Dopamine, 79
Dorsal column stimulation, 75
Dorsal horn, 62, 64
Dorsal ramus, 44
Dorsal respiratory group (DRG), 126
Double-lumen tube (DL ), 436
Droperidol, 442
Drug abuse, 482
Drug excretion, 161
Drug-induced lactic acidosis, 418
Drugs. See also speci c drugs

hepatic elimination o , 159
that undergo  rst-pass pulmonary 

extraction, 128
Dura mater, 454
Dynamic lung compliance, 106
Dynamic lung volume, 89, 102
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E
Echothiophate, 289
E-cylinder o  oxygen, 368
Elbow  exion, 20
Elective noncardiac surgery, 417
Electrocardiogram (ECG), 140
Electrodes, 367
Electroencephalography (EEG), 64
Electromyography (EMG), 365
Electrosurgical unit (ESU), 368
Endobronchial intubation, 341
Endogenous vasopressin, 135
Endotracheal cu  leak, 366
Endotracheal tubes (E  ), 343, 345
End-systolic elastance, 143
En urane, 216
Enzymes, 186, 190–191
Epidural hematoma, 6
Epidural space, 46
Epiglottis, 429
Epinephrine, 79
Epistaxis, 467
Erythrocytes, 122
Erythropoietin, 304, 311
Esomeprazole, 503
Esophagus, 137
Ester-linked local anesthetic, 270, 276
Ethanol, 403
Etomidate, 61, 250–251
Excessive salivation, 267
Excitation-contraction coupling, 71
Excretion. See also Metabolism

barbiturates and, 229, 232
benzodiazepines, 243, 255
etomidate, 245, 253
ketamine, 261, 268
local anesthetics and, 270
nondepolarizing muscle relaxant 

(NDMR), 285
opioids and, 222
propo ol and, 239

Expiratory reserve volume (ERV), 88,  
101

External de brillators, 382, 385
Extracellular  uid (ECF) volume, 135
Extra usal muscle  bers, 62
Eyelids, horizontal taping o , 469

F
Face mask, 432
Fentanyl, 159, 225, 442, 499
Fever, 473
Filum terminale, 25
First-order elimination, 202
Flexible  ber-optic intubation, 432
Foley catheter, 441
Forced-air blanket, 377
Forced vital capacity, 103
Fosphenytoin, 414
Frank-Starling curve, 141–142
Frank-Starling law, 141
Frova tracheal tube introducer, 438

Functional residual capacity (FRC), 88, 
102, 104

Furosemide, 313

G
GABAA receptor, 257
GABA-mediated chloride currents, 232, 

248
Gabapentin, 496
Gamma-aminobutyric acid (GABA), 69

allosteric modulation o , 257
Gas

solubility o , 326–327
viscosity o , 326

Gastric acidity, 405
Gastric contents, aspiration o , 466,  

489–490
Gastric  uid volume, 411
Gate control theory, 75
General anesthesia. See also Anesthesia

maintenance o , 421
stages and signs, 421, 428, 

General pharmacology, 195–205
GI hemorrhage, 497
Glaucoma, 403, 413
Global ischemia, 56
Globus pallidus, 41
Glossopharyngeal nerve, 49, 87
Glucocorticoids, 185, 190
Gluconeogenesis, 188
Glucose, 163, 190, 281
Glucose-6-phosphate, 188
Glutamate, 49, 69, 81
G protein-coupled receptors, 69
G proteins, 224
Gra t-versus-host disease (GVHD),  

312
pharmacologic options  or prevention 

and treatment o , 312
Graves’ disease, 402, 412
Great radicular artery, 45
Ground  ault circuit interrupter (GFCI), 

383
Grounding, 383

H
Haldane e ect, 94, 123–124
Halothane, 214
Halothane hepatitis, 216
Hard disk drive  ailure, 389, 397–398
Head

sagittal MRI o , 7, 22
sympathetic nervous system innervation, 

81
Heart, oxygen  ow in blood, 149
Heat, 343–344
Heat and moisture exchangers (HMEs), 

335, 343–344
Heat stroke, 83
Hematoma, epidural, 21–22
Hemin, administration o , 237
Hemodilution, 304, 

Hemoglobin
de ned, 121
deoxygenated, 124

Henry’s law, 329–330
Heparin-induced thrombocytopenia 

(HI ), 308–309
Hepatic arterial  ow, 156
Hepatic oxidative metabolism, 275
Hepatitis B, 178
Hering-Breuer re ex, 94, 127
Heroin abuse, 414
High  requency ventilation, 340
Histamine, 290
HMG-CoA reductase, 190
Hormones

anterior pituitary and, 185
antidiuretic, 150, 159
growth, 186, 
mineralocorticoid, 151
parathyroid, 186
secretion, 185
sex, 78
vascular tone o  arterioles and, 144

Human immunode ciency virus (HIV), 
166, 178

Humidi cation o  airway gases, 335,  
343–344

Humidity
absolute, 328
relative, 328

Hydralazine, 297
Hydrolysis by alkaline phosphatases,  

241
Hydromorphone, 203
Hyperglycemia, 56
Hyperkalemia, 298
Hypernatremia, 298
Hypertension, 246, 413
Hyperthyroidism, 412
Hyperventilation, 125, 149
Hypocalcemia, 298
Hypocapnia, 54
Hypogastric nerves, 45
Hypokalemia, 298
Hypomagnesemia, 298
Hyponatremia, 180
Hypophosphatemia, 298
Hypotension, 205, 243, 295, 402, 411
Hypothalamus, 82
Hypothermia, 60, 235

risk in neonates, 39–83
Hypoxemia, 111, 118

decreased ventilatory response to, 215
Hypoxic pulmonary vasoconstriction 

(HPV), 116
common  actors in uencing, 116

I
Ia  bers, 63
Ibupro en, 498
Iliac crests, 4, 17
Immediate spin crossmatch, 175
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Immunotherapy, 295
In erior cervical ganglion, 81
In rared absorption, 376
In rared absorption spectrophotometry 

(IRAS), 376
Inhalation induction, 431
Inspiratory reserve volume (IRV), 88, 102
Intermediolateral horn, 64
Intermittent mandatory ventilation (IMV), 

340, 362
Internal capsule, 29, 52
Internal jugular vein (IJV), 3, 11

cannulation, 26
International Association  or the Study  

o  Pain, 77
Intestinal spasm, 291
Intra-abdominal pressure, 145
Intracranial pressure (ICP), 414
Intra usal muscle  bers, 62, 63
Intraoperative blood salvage (IBS), 310
Intraoperative heat loss, phases o , 480
Intrathoracic variable obstruction,  

108–109
Intravascular volume expansion, 200
Intravenous bicarbonate, 237
Intravenous cannula, 324
Intravenous  uid therapy, 163, 170
Intravenous magnesium, 483
Inverse ratio, 363
Inverse steal, 30
Ionization, 196, 200
Ipsilateral impaired vibratory sensation, 40
Ischemia, cell death in, 56
Iso urane, 61, 213
Isolation, 383
Isovolumetric contraction, 142
IV opioids, 496

K
Kaplan-Meier (KM) curves, 392
Kava, 204
Ketamine, 264

cardiovascular e ects o , 265
mechanism o  action, 261, 263

Korotko  sounds, 368, 376

L
Lactated Ringer’s solution (LR), 168
Laminae II, 73
Laminar blood  ow, 134, 148
Laryngeal disruption, 438
Laryngeal mask airways (LMAs), 346
Laryngoscope blades, 433
Laryngospasm, 487
Larynx, 99, 439, 468
Lateral boundary, 46
Lateral column, 63
Lateral  exion-extension cervical spine, 7

X-ray, 23–23
Latex allergy, 484, 486
Latrotoxin, 84
Leukotriene antagonists, 300

Ligamentum  avum, 454
Ligand-gated receptors, 69
Limbic lobes, 40
Line isolation monitor (LIM), 368, 378, 

381
Lipid solubility, 207
Lithium, 292
Liver  ailure, 147

and nondepolarizing muscle relaxant 
(NDMR), 285, 288–289

LMA Fastrach™, 346
LMA Flexible™, 346
LMA ProSeal™ (PLMA), 346
LMA Supreme™, 346
LMA Unique™, 346
Loop o  Henle, 159
Lorazepam, 258
Lower esophageal sphincter (LES) tone, 

405, 417
Low molecular-weight heparin (LMWH), 

459
Lugol’s iodine, 186
Lumbar epidural anesthesia, 454
Lumbar spine, 8

sagittal magnetic resonance image o ,  
8, 24

Lumbosacral trunk, 45

M
Magnetic induction, 377
Magnetic resonance image (MRI)

o  lumbar spine, 8, 24
sagittal, o  head, 7, 22

Malignant hyperthermia, 205, 466
Mallampati classi cation, 408, 422
Mapleson circuits, 354
Marijuana, 414
Mask ventilation, 431
Massive trans usion, 171, 173
Mass spectrometry, 372
Maximum inspiratory pressure (MIP),  

371
McCoy laryngoscope blade, 433
Mean arterial pressure (MAP), 52, 134
Means, 394
Mechanomyography (MMG), 370
Megaloblastic anemia, 217
Meninges, 453
Meperidine, 227
Meta-analysis, 170, 496
Metabolic acidosis, 127
Metabolism. See also Excretion

barbiturates and, 229, 232
benzodiazepines, 243, 255
etomidate, 245–253
hepatic oxidative, 275
ketamine, 261, 68
in liver by ester hydrolysis, 249
nondepolarizing muscle relaxant 

(NDMR), 204, 288
opioids and, 230
propo ol and, 239

Metabolites, 144
Met ormin, 188
Methadone, 228
Methemoglobin, 122
Methemoglobinemia, 281
Methohexital, 233, 243
Methylene blue, 228
Methylparaben, 280
Metoclopramide, 411
Metoprolol, 489
Metronidazole, 308
Microcirculation, 170

vasoconstriction o , 172
Microlaryngeal E  , 440
Microshock, 381
Midazolam, 241
Midline laparotomy, 449
Miller laryngoscope, 432
Milrinone, 296
Miniature end-plate potentials (MEPPs), 

84
Minimum alveolar concentration (MAC), 

200
Mitral valve, 4, 15–16
Monitoring methods, 365–379
Monoamine oxidase (MAO), 222, 228
Morphine, 226
Morphine-6-glucuronide, 225
Motor evoked potentials (MEPs), 64
Motor  unction, testing o  nerve roots  

and, 20
Motor neurons, 62, 63
Muscarinic receptors, 85
Muscle action, 5, 20
Muscle  ber depolarization, 71
Muscle  ber excitation-contraction 

coupling, 71
Muscle  bers

extra usal, 63
intra usal, 63

Muscle paralysis, 501
Muscle relaxants. See Nondepolarizing 

muscle relaxant (NDMR)
Muscles

accessory, 88, 101
blood  ow, 134, 148
o  respiration, 109
sternocleidomastoid, 12, 26

Myasthenia gravis, 65
Myocardial contractility, 79, 143
Myocardial ischemia, 472
Myocardial muscle, threshold current  

o , 66
Myocardial oxygen utilization, 133, 142
Myoclonic jerks, 259

N
Na+, 80–81
Narrow palate, 401, 408
Natural  requency (Fn), 376
Natural killer cells, 217
Neocortex, organization o , 52
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Neonates, hypothermia risk in, 83–84
Neostigmine, 291
Nerve blockade, di erential rate o , 274
Nerve roots, 5

motor  unction testing o , 20
Nerves

hypogastric, 45
pelvic splanchnic, 45

Nesiritide, 297
Neurokinin-1, 72
Neuromuscular blockers, 486
Nicotinic acetylcholine receptor (nAChR), 

85
Nicotinic receptors, 85

and acetylcholine, 80–81
NIOSH-recommended limits  or time-

weighted average exposure, 379
Nitrogen, 109
Nitroglycerin, 297
Nitroprusside, 115, 297
Nitrous oxide, 204, 218
NMDA receptor antagonism, 497
N-methyl-D-aspartate (NMDA) receptor 

blockers, 35, 69
N-methyl-D-aspartate (NMDA) receptors, 

69, 207, 263
Non-circle breathing system, 338, 352
Nondepolarizing muscle relaxant 

(NDMR), 285
Noninvasive airway management, 422, 

432
Noninvasive blood pressure (NIBP), 366, 

374
Norepinephrine, 79, 502

production o , 37, 79
synthesis, 79

Norketamine, 264
Normeperidine, 228
Nucleus tractus solitarius, 42
Null hypothesis, 395

O
Obesity, 457

and pulmonary aspiration, 416
Ocular pressure, 47
Ohmeda  ec 6 vaporizer, 337, 351
Ondansetron, 237, 417
One-lung ventilation (OLV),  

424–425
Operating systems397
Opioid receptors, 221, 224
Opioids, 221–2228
Orthodromic conduction, 68
Oscillometry, 374, 377
Osmolality, 60
Otic ganglion, 47
Oximetry, 122, 364
Oxygen content (CaO2), 321
Oxygen concentration monitor, 378
Oxyhemoglobin dissociation curve, 119

 actors promoting shi t in, 120
Oxytocin, 185, 237

P
Packed red blood cells (PRBCs), 164, 168
Pain perception, 73, 78
Pain relie , 491–508
Pain transmission

and norepinephrine, 76
and ventral posterior lateral nucleus, 74

Pain treatment modalities, 36, 75
Paleocerebellum, 41
Palpation, 230, 236
Paralysis

bilateral vocal cord, 99
unilateral vocal cord, 99

Paramagnetic oxygen analysis, 372
Parasympathetic ganglia, 38, 80
Parasympathetic nervous system, 49, 81
Parasympathetic postsynaptic receptors, 

38, 80
Parasympathetic stimulation, 111
Parathyroid, 186
Partition coef cients, 327, 331
Patient-controlled analgesia (PCA), 492
Peak expiratory  ow (PEF), 371
Peak inspiratory pressure (PIP), 106, 341, 

363
Pelvic splanchnic nerves (nervi erigentes), 

45
Percutaneous tracheotomy, 100
Perioperative corticosteroid management, 

404, 414
Peripheral nerve injury,  actors associated 

with, 475
Peripheral nerves, 450
Peripheral venodilation, 234
Pharmacology, 195–205

benzodiazepines, 255, 257
etomidate, 245–253
ketamine, 261–268
opioids and, 221–228
propo ol, 239–244

Pharmacokinetics, 200, 202, 229, 239, 
241

benzodiazepines, 243, 267
etomidate, 245–253
ketamine, 261–268
opioids and, 221–228
propo ol, 239–244

Pharmacology, general, 195–205
Phenelzine, 418
Phenol, 281
Phenylephrine, 298
Phenylethanolamine N-methyltrans erase, 

186
Phonomyography (PMG), 370
Phosphodiesterase (PDE) inhibitors, 296
Physiologic antagonist, 199
Physiologic dead space, 103

 actors a ecting, 103
Piezoelectric neuromuscular monitors 

(PzEMG), 370
Pin Index Sa ety System, 370
Placental blood  ow, 135, 150

Pneumothorax, 332, 333
Polarographic (Clark) electrodes, 376
Polymodal nociceptors, 71
Popliteal  ossa, 19–20
Porphyrias, 236
Portal blood  ow, 156
Portosystemic shunts, 202
Positive end-expiratory pressure (PEEP), 

114, 341
Positive pressure ventilation (PPV), 133, 

145
Posterior cricoarytenoid muscles, 98
Posterior thigh pain, 278
Posterior tibial nerve, 18
Postoperative apnea, 341, 364
Postoperative delirium, 495
Postoperative two-lung ventilation, 437
Postoperative visual loss, 461, 469
Post-tetanic count (P C) stimulation, 370
Preemptive analgesia, 497
Pregabalin, 496
Preganglionic neuron, 49
Propo ol, 242
Propranolol, 200
Propylene glycol, 248
Protein binding, 233
Proteins, 58–59, 84, 125
Proton pump inhibitors, 417, 503
Proximal convoluted tubule (PC ), 159, 

160, 162
Pseudocholinesterase, 80, 84, 157, 202
Pterygoid plexus, 43
Pudendal nerve, 45
Pulmonary arterial pressure, 113
Pulmonary artery catheter (PAC), 114, 

146
Pulmonary artery occlusion pressure 

(PAOP), 91, 114
Pulmonary aspiration, 405, 416

and obesity, 416
Pulmonary blood  ow, 125, 331
Pulmonary blood volume, 147
Pulmonary edema, 314, 488
Pulmonary extraction, drugs that undergo 

 rst-pass, 128
Pulmonary thromboembolism, 111
Pulmonary trunk, 136
Pulmonary vascular resistance (PVR),  

134, 147
Pulse co-oximetry, 373
Pulse oximeter, 93, 281, 364
Pulse oximetry, 122, 364

SpO2, 373–374

Q
Quantal release, 84

R
Radiation, 312
Raman scatter analysis, 376
Rami communicantes, 44, 48–49
Ranitidine, 485
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Rapid sequence induction (RSI), 405, 416
Rashes, 484
Rebreathing o  expired gas, 335, 342
Receptors

adrenergic, 78–79
G protein-coupled, 69
ligand-gated, 69
muscarinic, 85
nicotinic, 85
N-methyl-D-aspartate (NMDA), 69

Rectus abdominis, 101
Red cell  ragmentation and hemolysis, 173
Regional anesthesia, 445–459. See also 

Anesthesia
Relative humidity, 328
Remi entanil, 226, 228, 431
Renal blood  ow, 161, 312, 314
Renal disease, 475
Renin secretion, 150
Residual volume (RV), 102
Respiration

barbiturates and, 230, 234
benzodiazepines and, 256, 258–259
etomidate and, 246, 249
ketamine and, 261, 265
opioids and, 222, 227
propo ol and, 240, 242

Respiratory depression, 498
Resuscitator bag, 356
Reticular  ormation, 27, 42
Reynolds number (Re), 148
Rhabdomyolysis, 243
Right atrial pressure, 268
Riva-Rocci method, 377
Rivaroxaban, 307
Rocuronium, 288–289
Ropivacaine, 276
Rostral ventrolateral medulla (RVLM),  

81

S
Sacral cornua, 17–18
Sacral plexus, 45
Saltatory conduction, 68–69
Saphenous nerve, 18
Screening motor exam, 5, 20
Second gas e ect, 322
Sedation, 240
Seizures, 278

local anesthetics and, 270, 277–279
Sel -rein ating resuscitation bag device, 

338, 356–357
Serotonin, 128
Serum tryptase, 486
Sevo urane, 428
Sevo urane vaporizer, 337, 351
Single lumen tube (SL ), 437
Sinoatrial (SA) node, 132, 138
Sliding  lament theory, 71
Small-gauge spinal catheters, 279
Sociocultural elements, 78
Soda lime, 338, 357

Sodium bicarbonate, 234
Sodium reabsorption, 162
Somatic nuclei, 503
Somatosensory evoked potentials (SSEPs), 

64
Special problems, 509–515
Sphenopalatine (or pterygopalatine) 

ganglion, 47
Spinal anesthesia, di erential nerve 

blockade during, 453
Spinal cord injury (SCI), 81–82
Spinal roots, 5, 19–20
Spinal stenosis, 458
Spirometry, 103, 109–110, 
SpO2 pulse oximetry, 373
Spontaneous abortion, 478
Spontaneous abortions, increased incidence 

o , 219
Starling equation, 148
Static lung compliance, 90, 106
Static pressure-volume (PV) curve, 341, 

363
Status asthmaticus, 266
Sternocleidomastoid muscles, 101
St. John’s wort, 204
S OP-BANG, 402, 412
Stow-Severinghaus electrode, 367, 375
Stress

anduteroplacental blood  ow, 150
Subclavian vein, 16–17
Subdural space, 46
Submaxillary ganglion, 48
Substance P, 72
Substantia gelatinosa, 73
Succinylcholine, 285, 288, 403, 487
Super cial peroneal nerve, 18
Supraglottic airway, 434
Supraspinous ligament, 454
Sural nerve, 18
Surgical anesthesia, 421
Surgical cricothyrotomy, 435
Symmetrical  unnel plot, 395
Synaptic cle t, 85
Synaptosome-associated proteins (SNAPs), 

84
Systemic vascular resistance (SVR), 134, 

147
Systolic blood pressure, 242, 376
Systolic  unction, 144

T
 5-6 epidural, 3, 13
 achycardia, 124, 128, 414, 456
 achyphylaxis, 201
 emperature, 361
 emperature compensation, 351
 ension pneumothorax, 363
T alamus, 40
T ermistor, 373
T ermoregulation system, 82
T eta wave activity, 266
T in  lament, 71

T iopental, 470
pharmacologic properties o , 233

T oracic duct, 11
T oracic wall compliance, 89, 106
3,4-methylenedioxy-methamphetamine 

(MDMA), 414
T reshold current o  myocardial muscle, 

66
T yroid cartilage, 99
T yrotoxicosis, 147, 186
 issue uptake, 233
 otal lung capacity ( LC), 90
 oxicity

barbiturates and, 230
benzodiazepines and, 256
dose-dependent, 216
etomidate and, 247, 251
ketamine and, 262, 265
local anesthetics and, 277–278
nondepolarizing muscle relaxant 

(NDMR), 204, 285–286, 288
opioids and, 222–227
propo ol and, 240, 242

 racheal tube introducers, 438
 racheostomy, 99
 racheotomy, 100
 rain-o - our stimulation ( OF), 370
 ranscutaneous electrical nerve stimulation 

( ENS), 500
 ransdermal  entanyl patch, 498
 ransdermal scopolamine, 504
 ransduction, 470
 rans usion-related acute lung injury, 166, 

181
 ransient neurologic symptoms ( NS), 

local anesthetics, 447, 457
 ransient receptor potential cation channel 

sub amily V member 1 ( RPV1) 
receptor, 72

 ransient Receptor Potential ( RP) 
receptors, 82

 ransillumination, 423, 433
 ransthoracic impedance, 382
 riamterene, 313
 rigeminal nerve, 96
 riglycerides, 189, 191
 ubular reabsorption and secretion, 161
 urbulent  ow, 325
 ympanic membrane, 482
 yrosine hydroxylase, 79

U
Ultrasound

o  anterior neck, 9, 10
guidance, 472

Uncu ed endotracheal tube (E  ), 426
Un ractionated heparin (UFH), 307–308
Un ractionated heparin in usions, 309
Unidirectional valves, 338
Unilateral vocal cord paralysis, 99
Unipolar electrosurgery unit (ESU), 381, 

384
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Uric acid, 313
Uterine blood  ow, 150
Uterine smooth muscle tone, 215
Uteroplacental blood  ow, 150

V
Vanilloid receptor 1, 72
Vaporizers, 349

American Society o   esting and 
Materials (AS M) and, 337, 349

Ohmeda  ec 6, 337, 351
sevo urane, 336, 347

Vasa recta, 149
Vasoconstriction, 83

o  the microcirculation, 172–173
Vasoconstrictors, 277
Vasopressin, 150, 160, 298, 418
Vecuronium, 202, 289

Ventilation, 99, 111
Ventilator-associated pneumonia (VAP), 

344
Ventral (anterior) column, 63
Ventral posterior lateral nucleus, 74
Ventral respiratory group (VRG), 126
Venturi mask, 357–358
Verapamil, 297
Vertebral con guration, variations in, 28
Vesicle-associated membrane proteins 

(VAMPs), 84
Vesicle-associated transporter (VA ), 84
Videolaryngoscopes, 432
Visceral nuclei, 503
Visceral pain, 76
Visual evoked potentials (VEPs), 64
Vocal cords
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pharynx, 89
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unilateral injury and, 99
unilateral vocal cord paralysis, 99

Voltage-gated potassium channels, 66, 67

W
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X-ray
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