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The 7th ed ition of The McGraw-Hill Board Review of 
Anesthesiology is timed  to coincide with the most 
substantial changes ever made by the American 
Board  of Anesthesiology in the certification exami-
nation process. Beginning with the group of resi-
dents that begin anesthesiology training in 2013, the 
written examination is being d ivided  into two parts. 
Residents will take the examination on Basic Topics 
following the first year of residency training, and  
will take the examination on Advanced  Topics two 
years later following completion of the residency. 
Thus, this book has been completely redesigned  
and  rewritten to conform to these changes imple-
mented  by the Board .

Once again, the subspecialty areas w ithin anes-
thesiology w ere written by colleagues with special 
expertise in these fields. We are p leased  by the 
add ition of several new contributors. Drs. Brian 
Sites and  John Antonakakis wrote the chap ters 
on regional anesthesia, Dr. Stavros Memtsoud is 
on resp iration, Dr. Christian Müller on card io-
thoracic anesthesia, Dr. Rebecca Zanconato on 
ped iatric anesthesia, Dr. Salahad in Abd i on acu te 
and  chronic pain, and  Dr. Eleanor M. Duduch on 
a new  chap ter on anesthesia for m iscellaneous 
p rocedures. As in the last ed ition, Dr. Ronald  
Rubin, one of the few  physicians in the United  
States fu lly trained  and  certified  in both anesthe-
siology and  obstetrics & gynecology wrote the 
chapter on anesthesia for obstetrics, Dr. Ted  Alston 
on circu lation, Dr. John Marota on the nervous 
system, Dr. Renée Goetzler, an internist, on the 
hepatic, renal, metabolic, and  hematologic sys-
tems, and  Dr. Rae Allain on critical care, this time 
accompanied  by Dr. Robin Guillory.

The reference list was expanded and  most of 
the references are also available online via the web-
site AccessAnesthesiology (www.accessanesthesiol-
ogy.com). Because of the supreme importance of 
pharmacology to the practice of anesthesiology, 
we believe every anesthesiologist should  own a 
comprehensive reference. In the United  States, the 
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clear choice is Good man and  Gilm an, now  in its 
12th  ed ition and  ed ited  by Brunton, et al. Thus the 
majority of the pharmacological questions in this 
book are referenced  to it. Ped iatric and  obstetric 
anesthesia remain important parts of every resi-
dent’s training and  a large portion of many persons’ 
practices. Because the pediatric and  obstetric sec-
tions in the major references are abbreviated , many 
of the ped iatric and  obstetric questions are refer-
enced  to the textbooks ed ited  by Coté, et al. and  
Chestnut, et al., respectively.

For this edition, the Introduction was also exten-
sively rewritten to include new information from the 
American Board of Anesthesiology on the aforemen-
tioned changes in the certification process as well as 
on the Maintenance of Certification in Anesthesiology 
(MOCA) process. MOCA is mandatory for diplomates 
with time-limited certificates issued after 2000 who 
wish to maintain their certification.

This book contains 1500 questions and answers 
and  many more references. There will be errors 
desp ite the best efforts of the au thors and  the ed i-
tors to prevent them. We are very grateful to those 
persons who previously contacted us to report errors 
they had found in previous editions. Once again, we 
would very much appreciate having any and all mis-
takes brought to our attention, and we have listed our 
email addresses below to facilitate communication.

We would  like to acknowledge the contribu-
tors to previous editions of this book: Drs. Paul 
Alfille, Thomas Beach, William Denman, Peter Foley, 
Philippa Groves, Grace Harrell, and Bobbie Jean 
Sweitzer. We would also like to thank our families for 
tolerating our absences necessitated  by the prepara-
tion of this latest edition.

Mark Dershwitz
mark.dershwitz@umassmed.edu

J. Matthias Walz
matthias.walz@ummassmemorial.org

Worcester, Massachusetts
April, 2013
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Introduction

If you are p lanning to prepare for the American 
Board  of Anesthesiology (ABA) written exami-
nations, includ ing MOCA (see below), then The
McGraw-Hill Board Review of Anesthesiology, 7th ed i-
tion, is designed  for you. Here, in one package, is a 
comprehensive review resource with 1,500 Board-
type multip le-choice questions w ith referenced , 
paragraph-length d iscussions of each answer.

Organization of this  Book

The McGraw-Hill Board Review of Anesthesiology, 7th 
edition, is divided into two parts, covering the mate-
rial that will appear on the Basic and Advanced  
written examinations, respectively. The Basic exami-
nation is taken after completion of the first (CA-1) 
year of anesthesiology residency training, while the 
Advanced examination is taken after completion of 
the third and final (CA-3) year of residency train-
ing. Successful passage of the Basic examination 
is required before a candidate can register for the 
Advanced examination. Successfu l passage of the 
Ad vanced  examination is required before a can-
didate can register for the Applied (formerly called  
the oral) examination. Both the Basic and Advanced  
examinations are computer-based examinations taken 
at a standardized testing center. Complete informa-
tion on the ABA examination process is found in the 
Booklet of Information published yearly by the ABA. 
While the Booklet was formerly available in hard  
copy, it is currently only available via download in 
PDF format from the ABA website, www.theaba.org.

Ques tion Types

There are three d ifferent types of questions found 
on the Basic and  Advanced  examinations. Each 
of these question types is also found in this book. 
In testing parlance, they are referred  to as A-type, 
G-set, and  R-type questions.

A-type (single-best  answer) quest ions. This type 
of question presents a problem or asks a question 
and  is followed by four or five choices, only one of 
which is entirely correct. The d irections preceding 
this type of question will generally appear as:

DIRECTIONS (Question 1): Each of the numbered  
items or incomplete statements in this section is 
followed by answers or by completions of the state-
ment. Select the ONE lettered  answer or completion 
that is BEST in each case.

An example for this item type is

1.  A previously healthy 22-year-old  male is 
undergoing surgical removal of a loose 
body in his knee under general anesthesia. 
Approximately one hour after beginning 
anesthesia, the patient becomes severely 
hypertensive. The most likely cause of the 
hypertension is

(A)  pheochromocytoma
(B)  malignant hyperthermia
(C)  light anesthesia
(D)  thyroid  storm
(E)  drug overdose

In this type of question, choices other than the 
correct answer may be partially correct, but there 
can only be one best answer. In the question above, 
the key word  is “most.” Although all of the options 
listed  may cause intraoperative hypertension, and  
all must be considered  in the d ifferential d iagnosis, 
the most likely etiology of intraoperative hyperten-
sion is light anesthesia, or answer (C).

G-set  quest ions. A G-set begins with a case presen-
tation, a figure, a d iagram, or a related  item. This 
is then followed by a series of A-type questions 
that all pertain to the case, figure, d iagram, etc. An 
example of this item type is
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Directions: use the following scenario to answer 
Questions 1-2:

A 55-year-old  woman presents to the pain clinic 
with the complaint of intermittent episodes of elec-
tric shock-like pain over the right side of her nose 
and  cheek. These episodes are most likely to occur 
when she is applying makeup, although they might 
also be precipitated  by a strong breeze blowing on 
her face.

1. The most likely d iagnosis is

(A)  occipital neuralgia
(B)  trigeminal neuralgia
(C)  meralgia paresthetica
(D)  facial neuralgia
(E)  glossopharyngeal neuralgia

2.  The drug of choice for managing her symp-
toms is

(A)  d iazepam
(B)  morphine
(C)  carbamazepine
(D)  fluoxetine
(E)  chlorpromazine

R-type (extended matching) quest ions. These are 
multiple-choice questions organized  into sets that 
use one list of options for all items in the set. An 
example of an R-set is

DIRECTIONS (Questions 1-3): Each group of items 
below consists of lettered headings followed by a list 
of numbered phrases or statements. For each num-
bered phrase or statement, select the ONE lettered  
heading 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) α 1-adrenoceptor agonist
(B) α 1-adrenoceptor antagonist
(C) α 2-adrenoceptor agonist
(D) α 2-adrenoceptor antagonist
(E) β1-adrenoceptor agonist
(F) β1-adrenoceptor antagonist
(G) β2-adrenoceptor agonist
(H) β2-adrenoceptor antagonist

For each medication, select the most accurate 
description of its receptor activity.

1. atenolol
2. albuterol
3. clonid ine

Answers, Explanations, and References

At the end  of each chapter, there is a section contain-
ing the answers, explanations, and  references to the 
questions. This section (1) tells you the answer to 
each question; (2) gives you an explanation/ review 
of why the answer is correct, background infor-
mation on the subject matter, and  why the other 
answers are incorrect; and  (3) tells you where you 
can find  more in-depth information on the subject 
matter in other reference books. We encourage you 
to use this section as a basis for further study and  
understanding.

If you choose the correct answer to a question, 
you can then read  the explanation (1) for reinforce-
ment and  (2) to add  to your knowledge about the 
subject matter (remember that the explanations usu-
ally tell not only why the answer is correct, but also 
why the other choices are incorrect). If you choose 
the wrong answer to a question, you can read  the 
explanation for a learning/ reviewing d iscussion 
of the material in the question. Furthermore, you 
can note the reference cited  (e.g., 5:345), look up 
the fu ll source in the References on page 431 (e.g., 
Longnecker DE, et al., eds. Anesthesiology, 2nd  ed . 
New York: McGraw-Hill, 2012), and  refer to the 
page cited  (p. 345) for a more in-depth d iscussion.

TABLE 1. STRATEGIES FOR ANSWERING SINGLE-BEST 
ANSWER QUESTIONS*

1.  Remember tha t only one  choice  can be  the  correct answer.
2.  Read the  ques tion care fully to be  sure  tha t you unders tand what 

is  be ing asked.
3.  Quickly read each choice  for familia rity. (This  important s tep is  

often not done  by tes t takers .)
4.  Go back and cons ider each choice  individua lly.
5.  If a  choice  is  partia lly correct, tenta tive ly cons ider it to be  incor-

rect. (This  s tep will he lp you lessen your choices  and increase  
your odds  of choos ing the  correct choice /answer.)

6.  Cons ider the  remaining choices  and se lect the  one  you think is  
the  answer. At this  point, you may want to quickly scan the  s tem 
to be  sure  you unders tand the  ques tion and your answer.

7.  Click on the  correct answer on the  computer screen. (Even if 
you do not know the  answer, you should a t leas t guess ; you a re  
scored on the  number of correct answers, so do not leave  any 
blanks.)

*Note  tha t s teps  2 through 7 should take  an average  of about a  minute. The  
actua l examination is  timed for an average  of about one  minute  per ques tion.
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Practice Tests

In the two 150-question Practice Tests at the end  of 
Parts I and  II, the questions cover all of the topics 
in the preced ing chapters in that Part. This format 
mimics the actual exam and enables you to test your 
skill at answering questions in all of the areas under 
simulated  examination conditions.

How to  Us e  this  Book

There are two logical ways to get the most value from 
this book. We shall call them Plan A and Plan B.

In Plan A, you  go straight to the Practice 
Test and  complete it accord ing to the instructions. 
Analyze your areas of strength and  weakness. This 
will be a good indicator of your initial knowledge of 
the subjects and  will help to identify specific areas 
for preparation and  review. You can now use the 
preceding chapters to help you improve your rela-
tive weak points.

In Plan B, you go through the first nine chap-
ters in Parts I or II checking off your answers, and  
then comparing your choices with the answers and  
d iscussions in the book. Once you have completed  
this process, you can take the Practice Test to see 
how well prepared  you are. If you still have a major 
weakness, it should  be apparent in time for you to 
take remedial action.

In Plan A, by taking the Practice Test first, you 
get quick feedback regard ing your initial areas of 
strength and  weakness. You may find  that you have 
a good command of the material ind icating that per-
haps only a cursory review of the preceding chap-
ters is necessary. This, of course, would  be good to 
know early in your exam preparation. On the other 
hand, you may find  that you have many areas of 
weakness. In this case, you could  then focus on 
these areas in your review, not just with this book, 
but also with the cited  references and  with your cur-
rent textbooks and  journals.

It is, however, unlikely that you will not do 
some studying prior to taking the ABA exam (espe-
cially since you have this book). Therefore, it may 
be more realistic to take the Practice Test after you 
have reviewed  the first nine chapters in Parts I or II 
(as in Plan B). This will probably give you a more 
realistic type of testing situation since very few of us 
just sit down to a test without studying. In this case, 
you will have done some reviewing (from superficial 

to in-depth), and  your Practice Test will reflect this 
studying time. If, after reviewing the preceding 
chapters and  taking the Practice Test, you still have 
some weaknesses, you can then go back to the pre-
ced ing chapters and  supplement your review with 
your texts.

The American Board of Anes thes io logy

History

Anesthesiology is a relatively new specialty, and  
therefore the ABA is also relatively young.

The American Society of Anesthesiologists had  
its beginnings in 1911 in the New York area when 
two groups merged  to form the New York Society 
of Anesthetists. The group grew and by 1935 was 
national in scope. In 1936 the name was changed to 
the American Society of Anesthetists, and  the soci-
ety was incorporated .

The American Society of Anesthesiology, Inc. 
grew out of a committee representing the American 
Society of Anesthetists, Inc., the American Society 
of Regional Anesthesia, Inc., and  the Section on 
Surgery of the American Medical Association. In 
1937, the American Board  of Anesthesiology, Inc., 
was formed  as an affiliate of the American Board  of 
Surgery, Inc. In 1941, the board  was approved  as a 
separate entity.

“The ABA mission is to advance the highest 
standards of the practice of anesthesiology. The 
ABA exists in order to:*

A.  Advance the highest standards of practice 
by fostering lifelong education in anes-
thesiology, which the ABA defines as the 
practice of medicine dealing with but not 
limited  to:
(1)  Assessment of, consultation for, and  

preparation of, patients for anesthesia.
(2)  Relief and  prevention of pain during 

and  following surgical, obstetric, ther-
apeutic and  d iagnostic procedures.

(3)  Monitoring and  maintenance of nor-
mal physiology during the periopera-
tive or periprocedural period .

(4)  Management of critically ill patients.
(5)  Diagnosis and  treatment of acu te, 

chronic and  cancer related  pain.
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(6)  Management of hospice and  palliative 
care.

(7)  Clinical management and  teaching of 
card iac, pulmonary, and  neurologic 
resuscitation.

(8)  Evaluation of respiratory function and  
application of respiratory therapy.

(9)  Conduct of clinical, translational and  
basic science research.

(10)  Supervision, teaching and  evaluation 
of performance of both medical and  
allied  health personnel involved  in 
perioperative or periprocedural care, 
critical care, pain management, and  
hospice and  palliative care.

(11)  Administrative involvement in health 
care facilities and  organizations, and  
medical schools as appropriate to the 
ABA’s mission.

B.  Establish and  maintain criteria for the des-
ignation of a Board  certified  and  subspe-
cialty certified  anesthesiologist as described  
in the ABA’s Booklet of Information.

C.  Inform the Accred itation Council for 
Graduate Med ical Education (ACGME) 
concerning the training required  of ind ivid-
uals seeking certification as such require-
ments relate to residency and  fellowship  
training programs in anesthesiology.

D.  Establish and  conduct those processes by 
which the Board  may judge whether a 
physician who voluntarily applies should  
be issued  a certificate ind icating that the 
requ ired  standard s for certification or 
maintenance of certification as a d iplomate 
of the ABA in anesthesiology or its subspe-
cialties have been met.

A Board  certified  anesthesiologist is a 
physician who provides med ical manage-
ment and  consu ltation during the peri-
operative period , in pain med icine and  
in critical care med icine. At the time of 
application and  at the time of initial certifi-
cation, a d ip lomate of the Board  must pos-
sess knowledge, judgment, adaptability, 
clinical skills, technical facility and  per-
sonal characteristics su fficient to carry ou t 
the entire scope of anesthesiology practice 
ind epend ently, w ithou t accom mod ation 
or w ith reasonable accommodation. An 

ABA d ip lomate must logically organize 
and  effectively p resent rational d iagnoses 
and  appropriate treatment protocols to 
peers, patients, their families and  others 
involved  in the med ical community. A 
d ip lomate of the Board  can serve as an 
expert in matters related  to anesthesiology, 
deliberate w ith others, and  provide advice 
and  defend  opinions in all aspects of the 
specialty of anesthesiology. A Board  certi-
fied  anesthesiologist is able to function as 
the leader of the anesthesiology care team.

Because of the nature of anesthesiology, 
the ABA diplomate must be able to manage 
emergent life-threatening situations in an 
independent and  timely fashion. The abil-
ity to independently acquire and  process 
information in a timely manner is central 
to assure ind ividual responsibility for all 
aspects of anesthesiology care. Adequate 
physical and  sensory faculties, such as 
eyesight, hearing, speech and  coord inated  
function of the extremities, are essential to 
the independent performance of the Board  
certified  anesthesiologist. Freedom from 
the influence of or dependency on chemical 
substances that impair cognitive, physical, 
sensory or motor function also is an essen-
tial characteristic of the Board  certified  
anesthesiologist.

E.  Serve the public, medical profession, health 
care facilities and  organizations, medical 
schools, and  licensing boards by provid ing 
the names of physicians certified  by the 
Board .

Certification Requirements*

At the time of certification by the ABA, the candi-
date must:

A.  H old  an unexp ired  license to p ractice 
med icine or osteopathy in at least one 
state or ju risd iction of the United  States 
or province of Canada that is permanent, 
uncond itional and  unrestricted . Further, 
every United  States and  Canad ian med i-
cal license the applicant hold s must be 
free of restrictions. Cand idates for initial 
certification and  ABA d ip lomates have the 
affirmative obligation to advise the ABA 
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of any and  all restrictions p laced  on any of 
their med ical licenses and  to p rovide the 
ABA with complete information concern-
ing such restrictions w ithin 60 days after 
their imposition or notice, whichever first 
occurs. Such information shall include, 
bu t not be limited  to, the identity of the 
State Med ical Board  imposing the restric-
tion as well as the restriction’s duration, 
basis, and  specific terms and  cond itions. 
Cand id ates and  d ip lom ates d iscovered  
not to have made d isclosure may be sub-
ject to sanctions on their cand idate or d ip-
lomate status.

B.  Have fu lfilled  all the requirements of the 
continuum of education in anesthesiology.

C.  H ave on file w ith the ABA a Certificate 
of Clin ical Com petence w ith  an over-
all satisfactory rating covering the final 
six-month  period  of clinical anesthesia 
training in  each anesthesiology resid ency 
p rogram .

D.  Have satisfied  all examination requ ire-
ments of the Board .

E.  Have a professional stand ing satisfactory 
to the ABA.

F.  Be capable of performing independently 
the entire scope of anesthesiology practice 
without accommodation or with reason-
able accommodation.

Although admission into the ABA examina-
tion system and  success with the examinations are 
important steps in the ABA certification process, 
they do not by themselves guarantee certification. 
The Board  reserves the right to make the final 
determination of whether each cand idate meets 
all of the requirements for certification, includ ing 
A, E and F above, after successful completion of 
examinations for certification. ABA certificates in 
anesthesiology issued  on or after January 1, 2000 
are valid  for 10 years after the year the candidate 
passes the examination for certification. ABA cer-
tificates are subject to ABA rules and  regulations, 
including its Booklet of Information, all of which 
may be amended  from time to time without further 
notice. A person certified  by the ABA is designated  
a d iplomate in publications of the American Board  
of Medical Specialties and  the American Society of 
Anesthesiologists.

Maintenance of Certification in Anesthesiology 
Program*

The ABA issues a certificate that is valid for 10 years 
to d iplomates certified  on or after January 1, 2000. 
They must satisfactorily complete the requirements 
of MOCA before their time-limited  certificate expires 
to maintain d iplomate status in the specialty. MOCA 
is a 10-year program of ongoing self-assessment 
and  lifelong learning, continual professional stand-
ing assessment, period ic self-d irected  assessments 
of practice performance and  quality improvement, 
and  an examination of cognitive expertise. A d ip-
lomate’s MOCA cycle begins the day after the 
ABA awards initial certification or maintenance 
of certification in the specialty. The ABA awards a 
certificate for Maintenance of Certification in the 
specialty of Anesthesiology when a d iplomate has 
completed  all MOCA program requirements within 
the preceding 10 years. At the time of completion 
of maintenance of certification, the d iplomate must 
be capable of performing independently in the spe-
cialty or subspecialty, without accommodation or 
with reasonable accommodation.

Although admission into the MOCA program 
and  success with components of the program are 
important steps in the ABA maintenance of certifi-
cation process, they do not by themselves guarantee 
maintenance of certification. The Board  reserves the 
right to make the final determination of whether 
each d iplomate meets all of the requirements for 
maintenance of certification, includ ing Professional 
Standing and  the ability to perform independently 
in the specialty or subspecialty, without accommo-
dation or with reasonable accommodation, before 
awarding maintenance of certification. ABA main-
tenance of certification certificates are subject to 
ABA rules and  regulations, including its Booklet 
of Information, all of which may be amended from 
time to time without further notice.

Physicians should  maintain competency in the 
following general areas: patient care, medical knowl-
edge, practice-based  learning and  improvement, 
interpersonal and  communication skills, profes-
sionalism, and  systems-based  practice. The MOCA 
requirements for Professional Standing, Lifelong 

*The American Board  of Anesthesiology, Inc., Booklet of 
Information, February, 2013.
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Learning and  Self-Assessment (LLSA), Cognitive 
Expertise, and  Practice Performance Assessment 
and  Improvement (PPAI) are designed  to provide 
assessments of these six general competencies.

A.  PART I: PROFESSION AL STAN DIN G 
ASSESSMENT
ABA diplomates must hold  an active, unre-
stricted  license to practice medicine in at 
least one jurisd iction of the United  States 
or Canada.

The ABA assesses a d ip lom ate’s 
Professional Stand ing continually. ABA 
d iplomates have the affirmative obliga-
tion to advise the ABA of any and  all 
restrictions placed  on any of their medical 
licenses and  to provide the ABA with com-
plete information concerning such restric-
tions within 60 days after their imposition. 
Such information shall include, but not 
be limited  to, the identity of the medical 
board  imposing the restriction as well as 
the restriction’s duration, basis, and  spe-
cific terms and  conditions. Diplomates d is-
covered  not to have made d isclosure may 
be subject to sanctions on their d iplomate 
status. Professional Standing acceptable to 
the ABA is a prerequisite qualification for 
cognitive examination and  for maintenance 
of certification.

B.  PART II: LIFELONG LEARNING AND 
SELF-ASSESSMENT
ABA diplomates should  continually seek to 
improve the quality of their clinical prac-
tice and  patient care through self-d irected  
professional development. This should  be 
done through self-assessment and  learning 
opportunities designed  to meet the d iplo-
mate’s needs and  the MOCA requirement 
for Lifelong Learning and  Self-Assessment 
(LLSA).

LLSA requirements by certification year 
are available on the ABA website at www.
theABA.org.

The LLSA requirement for maintenance 
of certification is 250 cred its for continuing 
medical education (CME) activities.
(1)  All 250 credits must be Category 1 

cred its for ACCME-approved  pro-
grams or activities.

(2)  From 2006 to 2012, no more than 70 
cred its for CME programs and  activi-
ties may be completed  in the same 
calendar year. Effective as of 2013, 
no more than 60 cred its for CME 
programs and  activities may be com-
pleted  in the same calendar year. 
MOCA participants will have to com-
plete some CME activity in at least 
five years of each 10-year MOCA cycle 
and  are encouraged  to complete some 
CME activity in each of the six general 
competencies for physicians.

Self-Assessment CME Credit Requirements

(1)  All newly certified  d iplomates and  
non-time limited  d ip lomates w ho 
enrolled in the MOCA program from 
January 1, 2008, to December 31, 2009, 
are required  to complete 60 Category 
1 cred its of ABA-approved  self-assess-
ment activities once d uring their 
10-year MOCA cycle. A list of the 
approved  activities is available on the 
ABA website at www.theABA.org.

(2)  All diplomates certified on January 1, 
2010, or after and  non-time limited  
d iplomates who enroll in the MOCA 
program after January 1, 2010, are 
required  to complete 90 Category 1 
cred its of ABA-approved  self-assess-
ment activities once during their 
10-year MOCA cycle. A list of the 
approved  activities is available on the 
ABA website at www.theABA.org.

Patient Safety CME Credit Requirements

(1)  All newly certified  d iplomates and  
non-time limited  d ip lomates w ho 
enroll in the MOCA program after 
January 1, 2008, are required  to com-
plete 20 Category 1 cred its of Patient 
Safety CME. A list of the approved  
activities is available on the ABA web-
site at www.theABA.org.

CME sp onsors m ay su bm it CME 
activities and  cred its to the ABA elec-
tronically for ABA d ip lom ates. ABA 
d ip lom ates m ay self-rep ort their 
CME activities and  cred its to the 
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ABA electronically. Whereas provider-
reported CME activities do not require 
verification by the ABA, self-reported  
CME activities are subject to audit and  
verification by the ABA within three 
years of their submission. Therefore, 
diplomates must keep documentation 
of every self-reported CME activity for 
at least three years after they submit it 
to the ABA for LLSA credit.

C.  PART III: COGN ITIVE EXPERTISE 
ASSESSMENT
Diplomates who participate in MOCA must 
demonstrate their cognitive expertise by 
passing an ABA examination administered  
via computer under secure, proctored , stan-
dard ized  testing conditions. About 75% of 
the test items are based  on general anesthe-
sia topics, and  the remainder of the exami-
nation is approximately evenly d istributed  
among the following areas: ped iatric anes-
thesia, card iothoracic anesthesia, neuroan-
esthesia, obstetric anesthesia, critical care 
medicine and  pain medicine.

Dip lomates may satisfy the examina-
tion requirement no earlier than the sev-
enth year of their 10-year MOCA cycle. 
Examination prerequisites for the purpose 
of satisfying the MOCA program require-
ment are:
(1)  Professional standing acceptable to the 

ABA.
(2)  Practice Performance Assessment and  

Improvement (PPAI) participation 
acceptable to the ABA.

(3)  Dip lom ates m u st com p lete half (125 
cred its) of the total CME requirement. 
Requirements by certification year are 
available on the ABA website at www.
theABA.org.

There is no limit to the number of times 
d iplomates may take the MOCA examina-
tion to satisfy the maintenance of certifi-
cation requirement. The ABA will inform 
registered  examinees of the p rocedure 
for making an examination appointment 
approximately four months prior to the 
examination date.

The MOCA Cognitive Examination is 
administered  twice each year. Test dates 

are available on the last page of the Booklet 
of Information. However, for the most cur-
rent test dates please visit the ABA website 
at www.theABA.org, which is the official 
source of ABA test dates and  deadlines.

The ABA must receive all d ocumenta-
tion it requ ires to m ake a d ecision abou t 
a d ip lomate’s eligibility for exam ination 
by October 31 of the p reced ing year for 
the w inter exam inations and  by April 30 
of the examination year for the sum m er 
exam inations.

These deadlines are absolute, and  the 
ABA must have documentation that the 
d iplomate has met all of the prerequisites 
by the appropriate dead line. When the ABA 
does not have the required  documentation 
by the appropriate dead line, it will evalu-
ate the d iplomate’s eligibility for the next 
MOCA examination. It ultimately is the 
responsibility of the diplomates to assure 
that the ABA receives documentation in 
a timely manner that they have met all of 
the MOCA examination prerequisites.

D.  PART IV: PRACTICE PERFORMANCE 
ASSESSMENT AND IMPROVEMENT
ABA d ip lomates shou ld  be continually 
engaged  in a self-d irected  p rogram of 
Practice Performance Assessment and  
Improvement (PPAI).
The PPAI requirement consists of the fol-
lowing activities:
(1)  Case Evaluation: A four-step  p ro-

cess where d iplomate’s assess their 
practice and  implement changes that 
improve patient ou tcomes. A case 
evaluation may be completed  in a 
specialty or subspecialty of anesthesi-
ology. Instructions and  examples are 
available on the ABA website at www.
theABA.org.

(2)  Simulation Education Course: A con-
textual learning opportunity to assess 
and  improve one’s practice in areas 
such as crisis management in a simu-
lation setting at an ASA-endorsed  cen-
ter. A simulation education course may 
be completed  in a specialty or subspe-
cialty of anesthesiology. Information 
on ASA-endorsed  simulation centers 
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is available on the Maintenance of 
Certification page of the ABA website 
at www.theABA.org.

(3)  Attestation: The ABA solicits refer-
ences to verify d iplomate’s clinical 
activity and  participation in practice 
improvement activities.

During their 10-year MOCA cycle, d ip lo-
mates must complete the PPAI activities 
as defined  in the above chart, based  on the 
year they were certified .

Diplomates certified between January 1, 
2001 and  December 31, 2007, have the 
option of completing a Simulation Course 
in lieu  of completing an Attestation.

Diplomates certified between January 1, 
2004 and  December 31, 2007 who elect 
to complete a Simulation Course in lieu 
of an Attestation must complete a Case 
Evaluation in years 6-10.

Evidence of one PPAI activity acceptable 
to the ABA is a prerequisite for the MOCA 
Cognitive Examination.

Additional information about the ABA’s 
PPAI process and  requirements by year 
certified  can be found on the ABA website 
at www.theABA.org.
Reciprocity For Diplomates:

Diplomates may complete one Part IV 
activity through any other ABMS Board  
and  submit it to the ABA to fu lfill the 
MOCA Part IV Case Evaluation require-
ment. Documentation of completion of the 
activity must be submitted  with d ip lo-
mates’ requests for Part IV credit. All d ip-
lomates enrolled  in MOCA must complete 
a Simulation Education Course and  an 

Attestation as defined  by their specific pro-
gram requirements.

E.  MOCA CYCLE DURING AND AFTER 
TRANSITION PERIOD
The transition from a voluntary recertifica-
tion examination program to MOCA began 
in January 2004. The voluntary recertifica-
tion examination ended  with the adminis-
tration of the December 2009 Recertification 
Examination.
(1)  Diplomates certified  before 2000 have 

a certificate that is not time-limited . 
They do not have to complete the 
MOCA program to maintain certifica-
tion. They may, however, voluntarily 
participate in the MOCA program. 
The first time they apply for MOCA 
they may complete the program in as 
soon as two years. They may complete 
the expedited  MOCA program only 
once; thereafter, the 10-year MOCA 
program is their only option.

Diplomates certified  before 2000 who 
choose to complete their first MOCA pro-
gram within five years of their enrollment 
must complete two PPAI activities, an attes-
tation and  either a case evaluation or simu-
lation education course; those who choose 
to complete the program within 6-10 years 
of their enrollment must complete all three 
PPAI activities. The Professional Standing 
assessment is continual. They can satisfy 
LLSA requirements on the basis of CME 
activities completed  after certification and  
within the past 10 years. They can take a 
secure examination when they have satisfied  

Practice  performance  as s es s ment and improvement requirements  by year in MOCA cycle

Year certified  1  2  3  4  5

Attes ta tion Attes ta tion

Case  eva lua tion or s imula tion

*Case  evalua tion or s imula tion  *Case  eva luation or s imula tion

Attes ta tion

*Comple te  both a  case  eva lua tion and s imula tion course  during your 10-year MOCA cycle .
One  activity mus t be  comple ted be tween years  1 to 5, and the  second be tween years  6 to 10. 

Attes ta tion

6  7  8  9  10

2000-2003

2004-2007

2008 or later
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all of the prerequisite requirements by the 
appropriate deadline.
(2)  The MOCA program is the only option 

to maintain certification for ABA d ip-
lomates certified  in or after 2000. The 
ABA automatically enrolls d iplomates 
in MOCA when they are awarded  time-
limited  certification or when they suc-
cessfully complete each MOCA cycle. 
They have to maintain Professional 
Standing acceptable to the ABA and 
satisfy the Cognitive Examination 
requirement. Additionally,
a.  Dip lomates certified  in  2000, 

2001, 2002, or 2003 were issued  
a time-limited  certificate before 
the MOCA program was avail-
able. For these d ip lomates, the 
LLSA requirements for the secure 
examination prerequisite and  for 
the awarding of maintenance of 
certification are prorated , and , the 
PPAI requirement consists of the 
ABA obtaining attestations and  
evidence of the candidate’s clin-
ical activity and  ongoing prac-
tice performance assessment and  
improvement in Years 5 and  9 of 
their MOCA cycle.

b.  The MOCA program was avail-
able when d iplomates were issued  
a time-limited  certificate in 2004, 
2005, 2006, and  2007. For these 
d ip lomates, the LLSA requ ire-
ments for the secure examination 
prerequisite and  for the awarding 
of maintenance of certification are 
not prorated . For PPAI, the ABA 
will obtain attestations and  evi-
dence of the cand idate’s clinical 
activity and  ongoing program of 
practice performance assessment 
and  improvement in Year 5 of 
the candidate’s MOCA cycle, and  
they have to complete one of two 
PPA I activities (case evaluation or 
simulation education) in Years 6 
through 10.

c.  Dip lomates enrolled  in MOCA 
from 2000 through 2007 may 

complete a simulation course 
in place of provid ing references 
to support their attestations. In 
order for the d iplomate to receive 
PPAI cred it for the course, the 
simulation course must be com-
pleted  at an American Society of 
Anesthesiologists (ASA) endorsed  
simulation center and  all follow-
up must be completed  within the 
required  timeframe. Once all por-
tions of the simulation course are 
complete, the ASA will report the 
completion to the ABA on behalf 
of the d iplomate.

d .  The LLSA requirements for the 
secure examination prerequisite 
and  for the award ing of main-
tenance of certification are not 
prorated  for d iplomates issued  a 
time-limited  certificate in or after 
2008. For PPAI, these d iplomates 
have to complete three PPAI activ-
ities (case evaluation, simulation 
education, and  an attestation).

Diplomates may visit the ABA website at 
www.theABA.org or contact the ABA office 
for additional information regard ing their 
MOCA program requirements.

F.  ENROLLMENT APPLICATION 
PROCEDURE
Diplomates are automatically enrolled  in 
MOCA when they are awarded time-lim-
ited  primary certification in anesthesiology 
and again when they successfully complete 
each MOCA cycle, including an expedited  
MOCA cycle. The ABA automatically enrolls 
diplomates with a non-time limited  primary 
certificate in MOCA upon their completion 
of the MOCA program in 2005 or thereafter. 
All other ABA diplomates have to apply to 
the ABA to enroll in MOCA.

Diplomates not automatically enrolled  
in MOCA may electronically enroll at any 
time via the ABA website at www.theABA.
org. Exceptions to this requirement will be 
considered  upon written request. Written 
requests are to be addressed  to the ABA 
Secretary and  must include the basis for the 
requested  exception.
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Applicants must p rovide information 
about all their medical licenses and  current 
contact information (e.g., postal address) 
to complete the application process. It 
ultimately is the responsibility of every 
applicant to assure that the ABA receives 
all required information.”

Information concerning the Board  and  its require-
ments may be obtained  from

The American Board  of Anesthesiology, Inc.
4208 Six Forks Road , Suite 900
Raleigh, NC 27609-5735
Telephone: (866) 999-7501
FAX: (866) 999-7503
Web: www.theABA.org

Examination Preparation

Ideally, preparation for the examination should  
begin during training. During this period , time 
spent in a systematic approach to the body of 
knowledge will be well rewarded .

A Content Outline of the In-Training Examina-
tion, by the American Board  of Anesthesiology and  
the American Society of Anesthesiologists, covers 
the knowledge that should  be gained  during resi-
dency training. It serves as a grid  for the questions 

to be covered  in the examination and  was used  
by all of this book’s au thors to choose top ics to 
be covered  by each chapter ’s questions. A copy of 
the most current Content Outline may be obtained  
from the ABA’s website at www.theABA.org.

Textbooks provide a good background of infor-
mation. Popular comprehensive texts include those 
ed ited  by Longnecker, et al., and  Miller, et al. Many 
subspecialty texts are available in the areas of pain 
management, critical care, card iothoracic, obstetric, 
and  ped iatric anesthesia.

The best sources of current information are 
journals and  meetings. The newest data and  lat-
est techniques are reported  in these two sources, 
and  one should  be familiar with them. An invalu-
able source of information is the Annual Refresher 
Course given each year in conjunction with the ASA 
meeting in October. Lectures are given throughout 
the meeting. A syllabus is available covering all the 
lectures and  is supplied  electronically to attendees.

Format of Examinations

The Basic and  Advanced  examinations of the 
American Board  of Anesthesiology are of the objec-
tive, multip le-choice form employing the same 
question types used  in this book. They are com-
puter-based  examinations taken at a standard ized  
testing center.
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CHAPTER 1

Phys ics , Chemis try, and Mathematics
Ques tions

DIRECTIONS (Questions 1-34): Each of the num-
bered  items or incomplete statements in this section 
is followed by answers or by completions of the 
statement. Select the ONE lettered  answer or com-
pletion that is BEST in each case.

1. A patient w ith severe pu lmonary fibrosis 
wishes to travel on an airplane. What amount 
of supp lemental oxygen w ill be needed  to 
maintain the arterial oxygen concentration at 
about 70 mm Hg? Assume the airplane cabin 
is p ressurized  at 580 mm Hg and  that the 
patient’s alveolar-arterial oxygen grad ient is 
150 mm Hg.

(A)  40%
(B)  50%
(C)  60%
(D)  70%
(E)  80%

2. A clinician wishes to perform a single-breath 
induction with sevoflu rane and  exceed  the 
maximum sevoflurane concentration supplied  
by the vaporizer. She fills a 3-L reservoir bag 
with oxygen and  adds 2 mL of sevoflurane 
liquid  to the bag. What will the concentration 
of sevoflurane vapor be in the reservoir bag? 
Assume the operating room is at sea level and  
the room temperature is 20°C. The ideal gas 
constant is 0.082 L-atm-°K-1-mole-1, the specific 
gravity of sevoflurane is 1.52, and its molecular 
weight is 200 g/ mol.

(A)  12.2%
(B)  13.5%
(C)  14.8%
(D)  16.1%
(E)  18.5%

3. In the typ ical operating room, patients lose 
heat via all of the follow ing mechanisms 
EXCEPT

(A)  sublimation
(B)  conduction
(C)  convection
(D)  rad iation
(E)  evaporation

4. An anesthesiologist p lans a clin ical stud y 
comparing a new antiemetic with ondansetron. 
100 women undergoing elective laparoscopic 
tubal ligation will be randomized  to receive 
either the new antiemetic or a standard  4-mg 
dose of ondansetron. The primary outcome 
variable is the number of women that vomit 
postoperatively in each group. In all likeli-
hood , the best statistical test to compare the 
two treatments will be

(A)  Student’s t-test for unpaired  data
(B)  Student’s t-test for paired  data
(C)  analysis of variance
(D)  chi squared
(E)  Wilcoxon rank-sum test

DIRECTIONS: Use the following scenario to answer 
Questions 5-7:
The standard  extension cord  used  in a particular 
hosp ital is 15 feet long and  has a capacitance of 
0.05 µF. The capacitive reactance of each extension 
cord  when used  with 60 Hz power is 53 kilohms. 
Three of these extension cords are p lugged  into a 
circuit protected  by the same circuit breaker and  
line isolation monitor. Assume that the three exten-
sion cords are the only sources of capacitance and  
capacitive reactance on the circuit.
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5. What is the value of the capacitance in  the 
circuit?

(A)  0.0167 µF
(B)  0.025 µF
(C)  0.05 µF
(D)  0.10 µF
(E)  0.15 µF

6. What is the value of the capacitive reactance in 
the circuit?

(A)  17.7 kilohms
(B)  26.5 kilohms
(C)  53 kilohms
(D)  106 kilohms
(E)  159 kilohms

7. Will the line isolation monitor alarm?

(A)  No, because the leakage current is less 
than 1 mA.

(B)  No, because the leakage current is less 
than 5 mA.

(C)  No, because the leakage current is less 
than 10 mA.

(D)  Yes, because the leakage current is 
greater than 5 mA.

(E)  Yes, because the leakage current is 
greater than 10 mA.

8. In  ord er to perform  a m eta-analysis, a 
researcher

(A)  must show significance at a very high 
probability level (e.g., p  < 0.001)

(B)  combines the results from several simi-
lar stud ies

(C)  needs to enroll at least 1,000 patients in 
a study

(D)  designs a study that takes place at 
numerous (e.g., > 100) independent clin-
ical sites

(E)  studies numerous independent parame-
ters that evaluate an intervention (e.g., 
d rug treatment)

9. The electrical current, often called  the “let-go 
cu rrent,” above w hich  contraction  of the 
finger flexors is unable to be overcome by vol-
untarily contracting the finger extensors is 
approximately

(A)  0.15 mA
(B)  1.5 mA
(C)  15 mA
(D)  150 mA
(E)  1.5 A

DIRECTIONS: Use the following table to answer 
Questions 10-12:

Gas  or vapor
Vis cos ity
(centipois es )

Molecular
weight
(g /mol)

Dens ity
(kg/m3)

Boiling
point (C)

Argon  0.022  39.9  1.66 −186

Carbon
dioxide

0.0145  44  1.82 −57

Die thyl e ther  0.00075  74  3.08  35

Helium  0.0188  4  0.166 −269

Nitrogen  0.0175  28  1.16 −196

Nitrous  oxide  0.0133  44  1.83 −88

Oxygen  0.020  32  1.33 −183

Xenon  0.022  131  5.46 −108

10. Due to an allergic reaction, a patient has severe 
tracheal edema that uniformly narrows the tra-
chea from the vocal cord s to the carina. 
Compared  with breathing 100% oxygen, for a 
given  insp iratory force, airflow  w ill be 
increased  to the greatest degree by diluting the 
oxygen with

(A)  helium
(B)  nitrogen
(C)  argon
(D)  nitrous oxide
(E)  xenon

11. A patient with an intraluminal tracheal tumor 
has severe narrowing of the airway resulting 
in  an  air passage resem bling a p inhole. 
Compared  with breathing 100% oxygen, for a 
given  insp iratory force, airflow  w ill be 
increased to the greatest degree by d iluting the 
oxygen with
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(A)  d iethyl ether
(B)  carbon d ioxide
(C)  helium
(D)  xenon
(E)  nitrous oxide

12. Ordinarily it is not permissible to use a rotame-
ter designed  for one gas to control the flow of 
another gas. In a military field  hospital without 
spare parts, a biomedical engineer wishes to 
cannibalize other equ ipment to rep lace a 
broken oxygen flowmeter. Although not a per-
fect match, the best replacement for the broken 
oxygen rotameter would  be one designed  to 
control the flow of

(A)  argon
(B)  helium
(C)  nitrogen
(D)  nitrous oxide
(E)  carbon d ioxide

13. Regarding the critical temperature of nitrous 
oxide in an E cylinder attached  to an anesthe-
sia machine in an operating room, the critical 
temperature

(A)  is not relevant in an operating room 
environment

(B)  is the temperature in the tank that per-
mits nitrous oxide to exist as a liquid

(C)  cannot be exceeded without risking tank 
rupture

(D)  is the temperature above which nitrous 
oxide cannot exist as a liquid

(E)  is the temperature at which nitrous 
oxide liquid  becomes a gas

14. An anesthesia tech accidentally left the oxygen 
flowmeter set at 15 L/ min on a Friday after-
noon and  the oxygen flow ed  at this rate 
through the absorber all weekend. On Monday 
m orning, w hen 10% d esflu rane in  100% 
oxygen is administered , the patient may be 
exposed  to a toxic concentration of

(A)  ozone
(B)  phosgene
(C)  carbon d ioxide

(D)  carbon monoxide
(E)  fluoride

15. A cylinder of oxygen has an internal volume of 
6 L and a pressure of 1700 psi. How many liters 
of oxygen will this tank supply at sea level?

(A)  660 L
(B)  680 L
(C)  694 L
(D)  706 L
(E)  716 L

16. A patient is undergoing operative repair of an 
arm fracture. The anesthesiologist is standing 
four feet from the patient’s arm. The surgeon 
is using fluoroscopy to visualize the fracture. 
Assume the amount of rad iation to which the 
anesthesiologist is exposed  is x. If the anesthe-
siologist moves to a new position eight feet 
from the arm, then the amount of rad iation 
exposure will decrease to approximately

(A)  0.75x
(B)  0.5x
(C)  0.33x
(D)  0.25x
(E)  0.125x

17. The absorption of one molecule of carbon diox-
ide by soda lime causes the net production of 
how many molecules of water?

(A)  0
(B)  1
(C)  2
(D)  3
(E)  4

18. The current delivered  to the patient by an elec-
trocautery device d iffers from the current sup-
plied  by an electrical utility in its

(A)  capacitance
(B)  frequency
(C)  amperage
(D)  voltage
(E)  power
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19. A solution of intravenous fluid  has the follow-
ing composition:

100 mM glucose
120 mM sodium chloride
10 mM potassium chloride
5 mM calcium chloride
4 mM magnesium chloride

The osmolality of this solution is approximately

(A)  239 mOsm/ kg H 2O
(B)  278 mOsm/ kg H 2O
(C)  287 mOsm/ kg H 2O
(D)  378 mOsm/ kg H 2O
(E)  387 mOsm/ kg H 2O

DIRECTIONS: Use the following figure to answer 
Question 20:

20. In an intubated  patient connected  to an anes-
thesia machine, mechanical dead  space con-
sists of the volume of the endotracheal tube 
proximal to the teeth plus which one (or more) 
of the volumes indicated  in the figure? The d if-
ferent volumes are indicated  by the d ifferent 
shad ings as shown in the legend in the lower 
left of the figure.

(A)  1
(B)  1 + 2
(C)  1 + 2 + 3
(D)  1 + 2 + 3 + 4

21. The protection device known as a ground fault 
interrupter is rarely used  in operating rooms 
because it

(A)  protects against microshock but not 
macroshock injury

(B)  does not function well in a wet 
environment

(C)  d isconnects power to life support 
equipment

(D)  cannot be tested  by the user for proper 
functioning

(E)  does not have an aud ible alarm

22. The Doppler effect is the p rincip le behind  
num erous m onitoring d evices. When the 
source of an aud io wave moves toward  the 
observer, the sound

(A)  amplitude decreases
(B)  frequency decreases
(C)  frequency increases
(D)  phase decreases
(E)  phase increases

23. If two d ifferent tissues have the same partial 
pressure of an anesthetic gas, the concentration 
of the gas in the tissues will

(A)  differ according to each tissue’s blood flow
(B)  differ according to each tissue’s partition 

coefficient
(C)  vary accord ing to the atmospheric 

pressure
(D)  not depend on body temperature
(E)  be the same

24. When the relative humid ity is 100% then

(A)  relative humidity and  absolute humidity 
are equal

(B)  relative humid ity and  specific humidity 
are equal

(C)  the relative humid ity will decrease if the 
temperature decreases

(D)  a patient’s perspiration will not evaporate

25. The N ational Fire Protection  Association 
mandates w hich one of these standards for 
operating rooms?
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(A)  Isolated  power is required  in all operat-
ing rooms

(B)  Isolated  power is required  in areas des-
ignated  as wet locations

(C)  In the event of a power failure, emer-
gency power must become operative 
within 1 second

(D)  When isolated  power is present, a line 
isolation monitor must also be present

DIRECTIONS: Use the following scenario to answer 
Questions 26-27.
A university endocrinology clinic d iagnosed  pheo-
chromocytoma in seven patients in the preced ing 
year. The mean arterial pressures (MAP), in mm Hg, 
of the seven patients at initial presentation were 
120, 130, 135, 145, 150, 150, and  164.

26. The median of the MAP values is

(A)  130
(B)  142
(C)  145
(D)  150
(E)  155

27. The sample standard  deviation of the MAP 
values is

(A)  3.8
(B)  7.2
(C)  11.1
(D)  14.7
(E)  22.4

28. Which one of the following intravenous solu-
tions is a colloid?

(A)  lactated  Ringer solution
(B)  0.9% saline
(C)  7.5% saline
(D)  5% albumin
(E)  5% glucose

29. Of the following intravenous solutions, the one 
whose osmolality is most d ifferent from that of 
plasma is

(A)  lactated  Ringer solution
(B)  5% glucose

(C)  2.5% glucose + 0.45% saline
(D)  0.9% saline
(E)  5% glucose + 0.45% saline

30. If the skin resistance between a person’s arms 
is 6000 ohms, and  the person’s right arm is 
connected  to an earth ground, and  120 V are 
applied  to his/ her left arm, the current flowing 
from arm to arm will be

(A)  nearly 0 if the 120 V are supplied  by a 
grounded electrical system

(B)  20 mA if the 120 V are supplied  by a 
grounded electrical system

(C)  20 mA if the 120 V are supplied  by an 
isolated  electrical system

(D)  50 mA if the 120 V are supplied  by an 
isolated  electrical system

(E)  50 A if the 120 V are supplied  by an iso-
lated  electrical system

DIRECTIONS (Questions 31-34): Each group of 
items below consists of lettered  head ings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  head ing or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent m ay be selected  once, m ore than once, or not 
at all.

(A)  Volt
(B)  Ampere
(C)  Joule
(D)  Henry
(E)  Farad
(F)  Ohm
(G)  Coulomb
(H)  Watt
(I)  Sievert
(J)  Gray
(K)  Hertz
(L)  Newton
(M)  No unit

For each measurement, select the appropriate unit.
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31. The amount of rad iation to which a patient is 
exposed  while undergoing a CT scan.

32. The baricity of a local anesthetic solution for 
spinal anesthesia.

33. The electrical power used by a warming blanket.

34. The electrical impedance of an anesthesiologist 
measured  from the person’s left hand  to right 
hand .
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Answers  and Explana tions

1.  (B) The patient’s alveolar oxygen concentration 
is estimated from the alveolar gas equation:

P  = F (P  P ) Pa

F  + 1 F
RQ
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Assuming a value of 0.8 for the respiratory 
quotient, the patient’s alveolar oxygen con-
centration would  be approximately 222 mm 
Hg when breathing 50% oxygen. The patient’s 
arterial oxygen concentration would  therefore 
be approximately 72 mm Hg. (5:459)

2.  (A) A volume of 2 mL of sevoflurane liquid  
has a mass of 3.04 g corresponding to 0.0152 
moles. The volume of an ideal gas, V, is nRT/ P =
(0.0152) × (0.082) × (273 + 20) = 0.365 L. A 
volume of 0.365 L of sevoflurane vapor in the 
3-L reservoir bag represents a concentration of 
12.2%. (5:627)

3.  (A) The four mechanisms of heat loss are con-
duction, convection, rad iation, and  evapora-
tion. Sublim ation is the phase transition 
between a solid  and  a gas. (5:259)

4.  (D) Of the tests listed , only the chi squared  
text compares proportions (in this case, the 
proportion of patients vomiting) in two popu-
lations. Student’s t-test and  analysis of vari-
ance compare means in two populations, while 
the Mann-Whitney test is a nonparametric test 
that assesses w hether one popu lation has 
larger values than another. (4:1202-11)

5.  (E) The three extension cords represent capac-
itors connected  in parallel. When capacitors 
are connected in parallel, their capacitances are 
added . (5:372)

6.  (A) The three extension cords represent reac-
tances connected  in parallel. When three iden-
tical reactance values are connected  in parallel, 
the resulting reactance value is one-third  that 
of each ind ividual unit. (5:372)

7.  (D) The leakage current due to the extension 
cords w ill be given by Ohm’s law, I = E/ Z, 
where I is current in amperes, E is voltage in 
volts, and  Z is impedance in ohms. In this cir-
cuit, since the only contribution to impedance 
is capacitive reactance, the potential leakage 
current is 6.8 mA at 120 V. Since the typical line 
isolation monitor will alarm when the poten-
tial leakage current is above 5 mA, the line iso-
lation monitor will indeed  alarm. (5:376-8)

8.  (B) In a meta-analysis, several stud ies that 
measured similar outcome variable(s) are com-
bined, typically to increase the statistical power 
that is derived  from a larger number of study 
subjects. (www.cochrane.org/handbook/915-what-
does-meta-analysis-entail)

9.  (C) When electrical currents of 10-20 mA are 
app lied  to the upper extremity, sustained  
muscle contraction occurs of a magnitude that 
cannot be overcome. If the ind ividual is hold-
ing onto a wire, he or she probably will not be 
able to let go. (5:374-5)



10     1: Phys ics , Chemis try, and Mathematics

10.  (D) Laminar flow in a tube is governed  by 
Poiseuille’s law that relates laminar flow to the 
4th power of the rad ius:

Flow  =
πpr

vl

4

8

where p is the pressure, r is the rad ius of the 
tube, v is the viscosity of the gas, and  l is the 
length of the tube. Since flow is inversely pro-
portional to viscosity, the flow will be increased  
to the greatest degree by d ilu ting oxygen with 
nitrous oxide, the gas that has the lowest vis-
cosity among the choices. (5:622)

11.  (C) Gas flow through a pinhole results in tur-
bulent flow that is inversely proportional to 
density. Thus, helium, the least dense gas of 
those listed , w ou ld  p rovid e the greatest 
increase in flow when used  to d ilu te oxygen. 
(5:622)

12.  (B) The proper functioning of a rotameter tube 
depends on laminar flow in the tube that is 
governed  by Poiseu ille’s law. Therefore the 
closest rep lacement rotameter would  be for 
helium, the gas with the viscosity closest to 
that of oxygen. (5:623)

13.  (D) The critical temperature of nitrous oxide 
is the temperature at which it boils into a gas, 
regard less of the p ressu re in the tank. For 
nitrous oxide, that temperatu re is 36.5°C, a 
temperature that could  easily be reached  in an 
operating room w ithou t air cond itioning. 
(5:618, 622)

14.  (D) Desflurane, but not sevoflurane, may react 
with dry soda lime to yield  a potentially toxic 
concentration of carbon monoxide. The reac-
tion of trichloroethylene, an obsolete anesthetic 
agent, yielded  phosgene. (5:614)

15.  (C) At constant temperature, the product of 
the pressure and  volume of a gas is constant 
(Boyle’s law). Thus, the volume of gas at sea 
level where the atmospheric pressure is 14.7 
psi will be (1700 psi) × (6 L)/ (14.7 psi) = 694 L. 
(5:618)

16.  (D) Radiation intensity decreases as a function 
of the square of the d istance. Thus, by dou -
bling the d istance between the patient and  the 
anesthesiologist, the amount of the rad iation 
exposure will decrease to one-fourth its previ-
ous value. (5:385)

17.  (B) A molecule of carbon d ioxide reacts with 
one molecule of water to form carbonic acid . 
The reaction of one molecule of carbonic acid  
with two molecules of sodium hydroxide pro-
duces two molecules of water. Therefore, there 
is the net production of one molecule of water. 
(5:641)

18.  (B) The standard  frequency used  by electrical 
utilities in the United  States is 60 Hz, while the 
current delivered  by an electrocautery device 
is in the range of 105 – 106 Hz.

19.  (E) Osmolality is the concentration of osmoti-
cally active particles per kilogram of solvent. 
At both room and  body temperatures, the d if-
ference between 1 L of water and  1 kg of water 
can be ignored . Glucose does not d issociate in 
solu tion so its osmotic concentration is its 
molar concentration. Sod ium chloride and  
potassium chloride each d issociate into two 
osmotically active particles, w hile calcium 
chloride and  magnesium chloride each d is-
sociate into three osmotically active particles. 
The total osmolality is therefore approximately 
100 + 240 + 20 + 15 + 12 = 387 mOsm/ kg H 2O.
(5:511)

20.  (A) Mechanical dead  space in this patient is 
the sum of the volume of the endotracheal tube 
proximal to the teeth p lus the volume of the 
arm of the Y-connector. None of the other vol-
umes in the circle system contribute to mechan-
ical dead  space.

21.  (C) A ground fault interrupter provides excel-
lent protection against injury from macroshock 
(but not microshock). It has a “test” button to 
confirm proper functioning. Although it does 
not have an aud ible alarm, that is not the 
reason w hy it is rarely used  in operating 
rooms. A ground  fault interrupter protects the 
user by d isconnecting power to the devices 
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connected  to it. These devices may include life 
support equ ipment in  an operating room. 
(5:379).

22.  (C) The definition of the Doppler effect is that 
w hen the source of an aud io w ave moves 
tow ard  the observer, the frequency of the 
sound increases. (5: 430)

23.  (B) The definition of partition coefficient is the 
ratio of the concentrations of a substance in 
two contiguous compartments at steady state 
(i.e., when the partial pressure of the substance 
is equal in both compartments). Partition coef-
ficients vary accord ing to temperature but not 
accord ing to atmospheric pressure. (5:600)

24.  (D) Absolute humidity is the amount of water 
vapor in air, in units of mass/ volume. Specific 
humid ity is the ratio of the mass of w ater 
vapor in a volume of air to the mass of that 
volume of air. Relative humid ity is the ratio of 
the partial pressure of water vapor in air to the 
saturated  (maximum) partial pressure of water 
vapor at the same temperature and  pressure. 
Since the maximum water vapor content of air 
increases with temperature, if the temperature 
of a saturated  volume of air is decreased, water 
vapor will condense into droplets forming fog, 
bu t the relative humid ity will remain 100%. 
When a patient is placed  in an atmosphere of 
100% relative humidity, perspiration will not 
evaporate and  there will be no evaporative 
heat loss (as long as the volume of the satu-
rated  air is large enough such that the patient’s 
body temperature does not raise the air tem-
perature by conduction or convection).

25.  (B) Isolated  pow er is requ ired  only in w et 
areas. Line isolation monitors are not required , 
nor is the instantaneous (i.e., < 1 sec) availabil-
ity of emergency backup power. (5:378, 380)

26.  (C) The median value is the value that falls in 
the m id d le of the su bjects’ valu es. In  th is 
group  of seven patients, the median value is 

145 because there are three values lower (120, 
130, and 135) and three values higher (150, 150, 
and  164).

27.  (D) The sample standard  deviation, s, is given 
by the following equation:

s
1

(  )
=

−
=i

N
ix

N
1

2∑
−

x

where N  is the number of observations, x– is
the mean, and  xi represents each individual 
observation. The sum of the squares of the d if-
ferences is 1298, thus the sample standard  
deviation is 14.7.

28.  (D) Colloid  solutions contain solutes of high 
molecular weight (e.g., > 30 kDa). (5:200)

29.  (E)  The osmolality of 5% glucose + 0.45% saline 
is approximately 50% greater than that of 
plasma. The other four solutions have approxi-
mately the same osmolality as plasma. (5:535)

30.  (B) Current will flow only if both the patient 
and  the electrical system are grounded . The 
magnitude of the current is given by Ohm’s 
law that states that current (in amps) equals 
the voltage (in volts) d ivided  by the resistance 
(in ohms). Thus, the current will equal 120 V/  
6000 ohms or 0.02 A, that is 20 mA. (5:362-3,
376-8)

31.  (I) The unit of rad iation exposu re is the 
Sievert. (5:385)

32.  (M) Baricity is the ratio of the specific gravity 
of the local anesthetic solution to the specific 
gravity of spinal fluid  at the same temperature. 
Since it is a ratio, it has no units. (5:794).

33.  (H) The unit of electrical power is the Watt. 
(5:372)

34.  (F) The unit of electrical resistance is the Ohm. 
(5:372)
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CHAPTER 2

Anes thes ia Equipment
Ques tions

DIRECTIONS (Questions 35-75): Each of the num-
bered  items or incomplete statements in this section 
is followed by answers or by completions of the 
statement. Select the ONE lettered  answer or com-
pletion that is BEST in each case.

35. An anesthesiologist is administering isoflu-
rane via a variable bypass vaporizer in Denver 
(altitude 1,609 m). The fresh gas flow rates are 
1 L/ min oxygen and  2 L/ min nitrous oxide. 
When the vaporizer is set to deliver 2% isoflu-
rane, the concentration of isoflurane present at 
the common gas outlet is approximately

(A)  1.1%
(B)  1.6%
(C)  2%
(D)  2.7%
(E)  3.4%

36. A patient is being monitored  with a bispectral 
index (BIS) monitor. When the value for BIS is 
60, it means that the patient

(A)  has about a 60% probability of being 
awake

(B)  has a very small (less than 1%) probabil-
ity of having recall of intraoperative 
events

(C)  does not require add itional opioid
(D)  if not pharmacologically paralyzed , will 

not move in response to surgical 
incision

(E)  is less likely to be awake than if the BIS 
value were 50

13

37. An open waste-gas scavenging system

(A)  must have a negative pressure relief 
valve

(B)  must have a positive pressure relief 
valve

(C)  must be connected  to a source of 
vacuum

(D)  does not need  a reservoir
(E)  cannot be simultaneously connected  to 

the APL and ventilator relief valves

38. Which one of the following statements is TRUE 
regard ing blood pressure cuffs?

(A)  The bladder length should  be 50% of the 
limb circumference.

(B)  The bladder wid th should  be 40% of the 
limb circumference.

(C)  A cuff designed  for a thigh cannot be 
used  on a large arm.

(D)  A cuff designed  for an arm cannot be 
used  on a small thigh.

(E)  A cuff whose bladder is too narrow for 
the limb will give an erroneously low 
blood  pressure.

DIRECTIONS: Use the following figure to answer 
Questions 39-40:
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39. The system depicted  in the figure is the

(A)  Georgia valve
(B)  Jackson–Rees system
(C)  T-piece
(D)  Bain circuit
(E)  Mapleson A system

40. A disadvantage of the circuit in the figure is the

(A)  inability to use spontaneous ventilation 
with the system

(B)  requirement for low flow
(C)  inability to scavenge waste gases
(D)  presence of overflow valve farther from 

the patient
(E)  kinking of inner delivery tube

41. A resident notices an increasing d iscrepancy 
between the Paco2 and  the end-tidal carbon 
d ioxide. Factors that increase this d ifference 
include ALL of the following EXCEPT

(A)  mismatch of ventilation and  perfusion
(B)  wheezing
(C)  high fresh gas flow rates
(D)  high card iac output

42. An anesthesia technician is transporting sev-
eral Aladin isoflurane vaporizer cassettes on a 
cart. After one of the cassettes accidentally tips 
over onto its side

(A)  the wick will become saturated
(B)  the cassette must be returned  to the

factory
(C)  the concentration of the vapor will be 

higher than calculated
(D)  the cassette should  be flushed  with

oxygen at 10 L/ min for 10 min
(E)  the cassette may be put into use

immediately

43. Which one of the following situations regarding 
in traop erative m onitoring is m and ated  by 
the American Society of Anesthesiologists’ 
Standards for Basic Intraoperative Monitoring?

(A)  A patient having an inguinal hernior-
rhaphy under local anesthesia with 
monitored  anesthesia care must have a 
resident or attend ing anesthesiologist or 
nurse anesthetist present in the operat-
ing room at all times during the surgical 
procedure.

(B)  A patient who underwent a thoracotomy 
and  wedge resection yesterday and  who 
is receiving a continuous epidural infu-
sion of 0.1% bupivacaine must have his 
heart rate taken and  recorded  every
five minutes.

(C)  A patient having a total knee replacement 
under spinal anesthesia must have the 
expired  carbon d ioxide measured .

(D)  A patient having intraoperative rad ia-
tion therapy under general anesthesia 
must have a resident or attending anes-
thesiologist or nurse anesthetist present 
in the operating room at all times dur-
ing the procedure.

(E)  A woman in labor with an indwelling 
epidural catheter and  receiving a contin-
uous epidural infusion of local anesthetic 
must have her blood  pressure taken and  
recorded  every five minutes.

44. An anesthesia circuit is connected  to a circle 
system and  the com bined  volum e of both is 
6 L. The fresh gas flow is 3 L/ min. After isoflu-
rane 2% is turned  on, how long will it take the 
concentration in the circuit to reach 1.96% iso-
flurane (i.e., 98.1% of the concentration set on 
the vaporizer?)

(A)  0.5 min
(B)  1 min
(C)  2 min
(D)  4 min
(E)  8 min

45. A negative-pressure leak test

(A)  is accomplished  by having the clinician 
apply mouth suction to the tubing con-
nected  to the common gas outlet

(B)  reliably finds leaks in the carbon d ioxide 
absorber
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(C)  is only appropriate for anesthesia 
machines containing a check valve 
downstream from the vaporizers

(D)  must be performed  with the anesthesia 
machine’s master switch turned  on

(E)  may detect internal vaporizer leaks

46. All anesthesia machines approved  for current 
use have check valves located  at the

(A)  common gas outlet
(B)  expiratory connection on the circle 

system
(C)  vaporizer outlet
(D)  waste gas scavenging outlet

47. A 56-year-old  woman with breast cancer meta-
static to the spine needs an MRI to evaluate the 
metastases. Because she cannot lie flat comfort-
ably, general anesthesia is planned. Anesthesia 
equipment that is UNSAFE to use in a room 
containing a functioning magnetic resonance 
imaging machine includes

(A)  laryngeal mask airway
(B)  fiberoptic oximeter probe
(C)  blood  pressure cuff
(D)  Macintosh laryngoscope with plastic 

hand le
(E)  end-tidal carbon dioxide sampling tubing

48. The major component, by weight, in currently 
used  carbon d ioxide absorbents is

(A)  barium hydroxide
(B)  calcium hydroxide
(C)  pH indicator
(D)  potassium hydroxide
(E)  sodium hydroxide

49. The formation of carbon monoxide in a carbon 
d ioxide absorber is facilitated  by the presence 
of ALL of the following compounds EXCEPT

(A)  desflurane
(B)  potassium hydroxide
(C)  sod ium hydroxide
(D)  water

50. A patient is being ventilated  with a trad itional 
anesthesia machine ventilator using the fol-
lowing set parameters:

Tidal volume =  500 mL
Ventilatory rate =  10/ min
I:E ratio =  1:3
Oxygen  ow =  1 L/ min
Nitrous oxide  ow =  2 L/ min

The resulting minute ventilation is approximately

(A)  5 L/ min
(B)  5.25 L/ min
(C)  5.5 L/ min
(D)  5.75 L/ min
(E)  6 L/ min

51. The tubing that connects the APL (adjustable 
p ressu re limiting, or pop-off) valve to the 
waste gas scavenging system is the same diam-
eter as the tubing or the connector that is con-
nected  to the

(A)  circle system
(B)  common gas outlet
(C)  endotracheal tube
(D)  reservoir bag
(E)  ventilator pressure relief valve

52. The anesthesia machine checkout instructions 
published  by the American Society of 
Anesthesiologists in 2008 include ALL of the fol-
lowing steps EXCEPT

(A)  assessment of the competency of the 
unid irectional valves in the breathing 
circuit

(B)  calibration of the oxygen analyzer
(C)  confirmation that the carbon d ioxide 

absorbent is not exhausted
(D)  determination that the vaporizers can 

deliver agent
(E)  determination of the internal pressure of 

the attached  oxygen cylinder
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53. The typ ical au tom atic noninvasive blood  
p ressu re measu ring d evice m ost accurately 
determines

(A)  cessation of Korotkoff sounds
(B)  d iastolic blood  pressure
(C)  mean arterial pressure
(D)  systolic blood pressure

54. The device used  to reduce the pressure of a gas 
from a compressed  gas cylinder to a usable, 
nearly constant pressure is

(A)  a gauge
(B)  a flowmeter
(C)  an ind icator
(D)  a regulator
(E)  a check valve

55. The position best tolerated  by the su rgical 
patient is the

(A)  lithotomy position
(B)  prone position
(C)  horizontal supine position
(D)  Trendelenburg position
(E)  Fowler position

56. If a nitrous oxide tank is contaminated  with 
water vapor, ice will form on the cylinder valve 
as a result of the

(A)  latent heat of vaporization
(B)  specific heat
(C)  vapor pressure
(D)  low pressure of the nitrous oxide
(E)  ambient temperature

57. The indicator in carbon d ioxide absorbent is

(A)  methylene blue
(B)  ethyl violet
(C)  bromthymol blue
(D)  phenolphthalein
(E)  cresol purple

DIRECTIONS: Use the following figure to answer 
Question 58:

58. The oxygen flowmeter should  be at position

(A)  A
(B)  B
(C)  C
(D)  D
(E)  position is not critical

59. An anesthesiologist is u sing an anesthesia 
machine equipped with an oxygen proportion-
ing system, as well as an extra flowmeter that 
is supplied  by a helium tank. A hypoxic gas 
mixture may be administered  to the patient in 
any of the following situations EXCEPT

(A)  the gas supplied  by the wall oxygen 
outlet is not oxygen

(B)  there is a leak in the oxygen flowmeter
(C)  the helium flowmeter is ad justed  to an 

excessively high flow rate
(D)  the nitrous oxide flowmeter is ad justed  

to an excessively high flow rate

60. A resident is teaching a med ical student to 
intubate for the first time. She hands her a 
laryngoscope hand le with a Macintosh blade 
and  tells her that in order to use the Macintosh 
blade properly, the

(A)  tip  is advanced  into the vallecula
(B)  epiglottis is lifted  d irectly
(C)  laryngoscope is held  in the right hand
(D)  patient should  be told  to say, "Ah."
(E)  blade enters the mouth on the left side
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61. A nitrous oxide tank contains gas at a pressure 
of 750 psi. When the last d rop of liquid  nitrous 
oxide evaporates

(A)  the pressure will fall rapid ly
(B)  the rate of pressure fall is dependent on 

the rate of flow
(C)  the pressure will begin to rise as the gas 

expands
(D)  the pressure will be zero
(E)  the pressure will remain at 750 psi until 

the tank is empty

62. A patient w ith a prior history of awareness 
under anesthesia is to be monitored  with a BIS 
monitor. This monitor most reliably ind icates 
the depth of anesthesia when the patient is 
anesthetized  with

(A)  oxygen plus high-dose fentanyl
(B)  ketamine
(C)  nitrous oxide
(D)  xenon
(E)  propofol

63. When the oxygen flush valve is pressed

(A)  oxygen at the pressure of the com-
pressed  oxygen cylinders is applied  to 
the breathing system

(B)  the oxygen flow rate is accurately d is-
played  by the oxygen rotameter

(C)  excessive agent concentration may be 
applied  to the breathing system if the 
vaporizer is on

(D)  barotrauma may result if the APL valve 
is open and  connected  to an open 
scavenging system

(E)  the ventilator should  not be in the inspi-
ratory phase of positive pressure 
ventilation

64. The d iameter index safety system (DISS)

(A)  prevents attachment of gas-administering 
equipment to the wrong type of gas

(B)  prevents incorrect yoke-tank connections
(C)  consists of quick-connectors typically 

mounted  on the wall or hanging from 
the ceiling

(D)  is found on the wall end , but not the 
machine end , of gas hoses connected  to 
anesthesia machines

(E)  is prohibited  on the outlet connections 
of portable gas tanks

65. In the sup ine position, all of the following 
areas should  be padded  EXCEPT

(A)  occiput
(B)  elbows
(C)  antecubital fossae
(D)  heels
(E)  popliteal fossae

66. The TRUE statement regard ing ECG lead  
placement is

(A)  lead  I d isplays the ECG signal recorded  
from the left arm and  right arm.

(B)  lead  II d isplays the ECG signal recorded  
from the left arm and  right leg.

(C)  lead  III d isplays the ECG signal 
recorded  from the left leg and  right leg.

(D)  lead  V1 d isplays the ECG signal 
recorded  from a unipolar electrode 
placed  in the 2nd intercostal space at the 
right midaxillary line.

(E)  lead  V6 d isplays the ECG signal 
recorded  from a unipolar electrode 
placed  in the 4th intercostal space at the 
anterior axillary line.

67. The laryngeal mask airway

(A)  protects against aspiration as well as an 
endotracheal tube

(B)  can be used  to prevent airway obstruc-
tion during monitored  anesthesia care

(C)  permits positive pressure ventilation
(D)  requires a flexible fiberoptic laryngo-

scope for proper p lacement
(E)  is more easily placed  when an assistant 

applies cricoid  pressure
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68. Viewing the waveform of the capnograph may 
detect all of the following scenarios EXCEPT

(A)  d isconnection of wall oxygen supply
(B)  exhaustion of carbon d ioxide absorbent
(C)  pulmonary embolus
(D)  wheezing
(E)  esophageal intubation

69. All of the following are true of the lithotomy 
position EXCEPT

(A)  the back is supine
(B)  the knees are flexed
(C)  the hips are flexed
(D)  the legs are internally rotated
(E)  there are few hemodynamic d isadvan-

tages to the position

70. The isolated  pow er supp ly system used  in 
operating rooms requires that

(A)  the metal portions of the operating table 
be connected  to earth ground

(B)  the patient be insulated  from the metal 
portions of the operating table

(C)  the anesthesia machine and  anesthesia 
monitors be connected  to d ifferent elec-
trical circuits than electrocautery devices

(D)  conductive flooring be used  in the oper-
ating room

(E)  a transformer be connected  between 
electrical equipment in the operating 
room and the electric power supplied  by 
the utility company

71. A fiberoptic bronchoscope is useful for airway 
management of the patient w ith a d ifficu lt 
airway, and  the suction channel of the scope 
may facilitate intubation by facilitating all of 
the following actions EXCEPT

(A)  administer oxygen
(B)  ventilate the patient during 

bronchoscopy

(C)  advance the scope over a wire inserted  
percutaneously through the larynx

(D)  spray local anesthetic
(E)  aspirate tracheal secretions

72. Pulse oximeters

(A)  are based  on the Bernoulli principle
(B)  can d ifferentiate carboxyhemoglobin 

from oxyhemoglobin
(C)  cannot d ifferentiate methemoglobin 

from oxyhemoglobin
(D)  use a single wavelength of red  light

73. Gases and  vapors that may be measured  by 
infrared  spectrometry include ALL of the fol-
lowing EXCEPT

(A)  halothane
(B)  isoflurane
(C)  carbon d ioxide
(D)  nitrogen
(E)  nitrous oxide

74. The fail-safe valve on an anesthesia machine

(A)  prevents delivery of a hypoxic mixture
(B)  prevents nitrous oxide flow unless the 

oxygen flowmeter is on
(C)  prevents high pressure in the breathing 

circuit from reaching the vaporizers
(D)  requires that oxygen tanks be fu ll
(E)  is open if oxygen pressure is present

75. Venous air embolism may be rapid ly detected  
by ALL of the following methods EXCEPT

(A)  alteration in heart sounds detected  by a 
precord ial Doppler

(B)  decrease in expired  carbon d ioxide on 
the capnometer

(C)  increase in expired  nitrogen measured  
by mass spectroscopy

(D)  decrease in oxygen saturation indicated  
by the pulse oximeter
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Answers  and Explana tions

35.  (D ) At the reduced  barometric p ressure in 
Denver (about 630 mm Hg), the concentration 
of isoflu rane delivered  by a variable bypass 
vaporizer w ill be slightly higher than the 
vaporizer setting. (5:599)

36.  (B) The BIS monitor measures the depth of 
hypnosis and  the BIS value can be used  to pre-
dict the probability that a patient will be awake 
and  responsive or will have recall at a given 
point in time. The BIS value is not a measure of 
the likelihood  of movement or of the magni-
tude of noxious stimuli requiring opioid  ther-
apy. During su rgery, the typ ical BIS target 
value is between 40 and  60. At a BIS value of 
60, the probability of responsiveness to verbal 
command is about 20%, while the probability 
of recall is less than 1%. (5:482, 692)

37.  (C) An open w aste-gas scavenging system 
requires a reservoir but no valves. It must be 
connected  to a source of vacuum to actively 
withdraw waste gases. It is usually connected  
to both the APL and ventilator relief valves via 
a ”Y” connector. (5:655-6)

38.  (B) The bladder length should  be at least 80%, 
and  the width 40%, of the limb circumference. 
If the bladder is too small, a larger pressure 
will be needed  to occlude flow and an errone-
ously high blood  pressure reading will result. 
The labeling of a cuff as ”adult” or ”thigh” is a 
general gu id eline; the cu ff size shou ld  be 
chosen to match a particular limb size, regard-
less of w hether the limb is the arm or leg. 
(Circulation 1980; 62:1146A-1155A)

39.  (D) The circuit shown is a Bain circuit that is a 
modification of the Mapleson D system. (5:639)

40.  (E) The inner tube may become d isconnected  
or it may kink, leading to excessive rebreathing 
of exhaled  gases or d isrup tion of fresh gas 
flow. The Bain circu it permits spontaneous 
ventilation, requires relatively high fresh gas 
flows, permits easy waste gas scavenging, and  
positions the pop-off valve aw ay from the 
patient for easier ad justment. (5:639)

41.  (D) The d ifference between arterial and  mea-
su red  end -tid al carbon d ioxid e w ill be 
increased  by ventilation-perfusion mismatch 
(e.g., emboli, decreased  card iac output), pro-
longed expiratory phase (e.g., wheezing), and  
high fresh gas flow rates that d ilu te expired  
carbon d ioxide. (5:465-7)

42.  (E) The Alad in vaporizer is not of the variable 
bypass type. When the cassette is d isconnected  
from the vaporizer, it may be transported  in 
any position without hazard . (5:635)

43.  (A) Standard  I of the ASA Standards for Basic 
In traoperative Monitoring m and ates that 
”qualified  anesthesia personnel shall be pres-
ent in the room throughout the conduct of all 
general anesthetics, regional anesthetics, and  
monitored  anesthesia care. In the event there is 
a d irect known hazard  (e.g., rad iation) to the 
anesthesia personnel that might require inter-
mittent remote observation of the patient, 
some provision for monitoring the patient 
m ust be m ad e.” The stand ard s ”are not 
intended  for app lication to the care of the 
obstetric patient in labor or in the conduct of 
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pain management." The patient having spinal 
anesthesia may have his or her ventilation 
"evaluated by continual observation of qualita-
tive clinical signs," accord ing to Standard  II. 
(5:88-90)

44.  (E) The time constant of the system is the 
volume divided by the fresh gas flow, i.e., 6 L ÷ 

3 L/ min, or 2 min. Since 1− −e
t
τ =  1 − e−1 =

0.63, after one time constant the isoflurane con-
centration will be 63% of the value set on the 
vaporizer. After two time constants, the per-
centage is 85%; after three time constants, 95%; 
after four time constants, 98%; and  after five 
time constants, 99.3%. (5:601)

45.  (E) The negative-pressure leak test is a univer-
sal test for leaks in the low-pressure circuit of 
anesthesia machines, regardless of whether the 
low-pressure circu it contains a check valve. 
Performing the test requires applying negative 
pressure with a suction bulb to the common 
gas ou tlet (from w hich the carbon d ioxide 
absorber has been d isconnected ) w ith the 
machine’s master switch turned  off. With the 
suction bulb collapsed , each vaporizer is ind i-
vidually turned  on and  reinflation of the suc-
tion bu lb ind icates an internal leak in that 
vaporizer. (5:659-60)

46.  (B) Unidirectional check valves are required on 
the inspiratory and  expiratory connections on 
the circle system to p revent rebreathing of 
exhaled  gas. Some anesthesia machines have 
check valves at the common gas outlet or at 
vaporizer outlets, but they are not necessary. 
(5:636-7, 640)

47.  (D) Administering anesthesia and/ or monitor-
ing a patient during an MRI scan is a challenge. 
Laryngeal mask airways are safe. An oximeter 
probe with a fiberoptic cable to the monitor is 
safe, while an oximeter probe connected  with 
an electrical cable may cause a burn at the 
probe site. Blood pressure cuffs are safe as long 
as the tubing connectors are not ferromagnetic 
and  plastic gas sampling tubing is safe. While 
plastic laryngoscope blades are read ily avail-
able, the light sources require batteries that are 

ferromagnetic and  should  not be brought into 
the room containing the MRI machine. (5:1273; 
Anesthesiology 2009; 110:459-79.)

48.  (B) While some absorbents have low percent-
ages of sodium or potassium hydroxide, most 
of the absorbent consists of calcium hydroxide. 
Barium hydroxide is no longer used . (5:641)

49.  (D) The formation of carbon monoxide results 
when desflurane reacts with a strong base (i.e., 
sodium or potassium hydroxide, but not cal-
cium hydroxide) in the absence of water, i.e., in 
absorbent that has been dried  by being flushed 
with dry gas. (5:641)

50.  (D) In a typical anesthesia ventilator, during 
inspiration, the pressure relief valve is closed  
so that the tidal volume delivered to the patient 
is the sum of the set tidal volume plus the fresh 
gas flow that occurs during inspiration. In this 
case, the total fresh gas flow is 3,000 mL/ min 
or 50 mL/ sec. With a ventilator rate of 10/ min, 
each breath lasts for 6 sec. With an I:E ratio of 
1:3, the insp iratory phase lasts for 1.5 sec. 
Therefore, the set tidal volume is augmented  
by fresh gas flowing for 1.5 sec, or 75 mL/
breath. (5:650)

51.  (E) The waste gas scavenging system is con-
nected  to the APL valve and  the ventilator 
pressure relief valve with 19- or 30-mm tubing. 
The circle system connectors and  the connec-
tion for the reservoir bag are 22 mm, while the 
common gas outlet and  endotracheal tube con-
nections are 15 mm. All of these measurements 
are internal d iameter (ID). (5:655)

52.  (D) Confirmation of the ability of the vapor-
izers to deliver volatile agent is not one of the 
listed  steps. (5:662)

53.  (C) Au tomatic noninvasive blood  pressure 
devices use oscillometry and  d irectly measure 
mean arterial pressure that is the pressure at 
which the cuff pressure fluctuations are maxi-
mal. Each manufacturer employs its own, and  
unique, algorithm to estimate systolic and  d ia-
stolic pressures. These devices do not listen for 
Korotkoff sounds. (5:406)
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54.  (D) The mechanism to reduce pressure of a gas 
to a useful pressure is a regulator. A gauge is a 
device to measure the pressure. The flowmeter 
is a device to measure the flow being deliv-
ered . A check valve is a device to allow flow in 
one d irection only. (5:619)

55.  (C) The horizontal supine position is the one 
best tolerated , but even that one has its prob-
lems. Merely because the patient does not have 
to be moved should  not cause one to be com-
p lacent w ith  positioning. Pressu re points 
should  be padded , the superficial nerves pro-
tected , and  the eyes protected . (5:362-3)

56.  (A) The nitrous oxide tank contains a liquid , 
and  in order for it to become vaporized , heat 
must be supplied . As the cylinder is opened , 
heat is removed from the cylinder and from the 
air in the immediate vicinity. The temperature 
falls, causing condensation. (5:626)

57.  (B) The indicator in carbon d ioxide absorbent 
is ethyl violet. (5:641)

58.  (D) Placement of the oxygen flowmeter in the 
position nearest to the common gas outlet will 
avoid  delivery of a hypoxic mixture should  a 
crack occur in the flowmeter tubing. If a leak 
occurs in this position, all components of the 
gas will leak out the crack in the tubing. (5:622)

59.  (D) An oxygen proportioning system mechan-
ically connects the oxygen and  nitrous oxide 
flow controls so that as the nitrous oxide flow 
is increased , or the oxygen flow is decreased , 
the flow of the other gas is changed to main-
tain a minimum oxygen concentration of 25%. 
The system depends upon oxygen being cor-
rectly supp lied  to the oxygen flow control. 
Therefore, increasing the nitrous oxide flow 
will not, by itself, result in a hypoxic mixture. 
Any additional flow controls (e.g., helium, air, 
carbon d ioxide) are not linked  to the oxygen 
flow control, and  increasing their flow could  
lead  to a hypoxic mixture. Oxygen leaking 
from the oxygen flowmeter is not detected  by 
the proportioning system and could  also result 
in a hypoxic mixture. (5:624)

60.  (A) The Macintosh blade is used  by placing it 
in the vallecula (the space between the base of 
the tongue and  the epiglottis). The laryngo-
scope is held  in the left hand , and  the blade 
enters the mouth on the right. Because of the 
widespread  availability of fiberoptic laryngo-
scopes, it is now uncommon to use a Macintosh 
blade for an awake intubation. (5:563)

61.  (B) When the last d rop of nitrous oxide liquid  
evaporates, the tank is approximately 16% full. 
The pressure fall will depend on the size of the 
tank and  the rate of flow. (5:622)

62.  (E) The BIS monitor has been validated  primar-
ily w ith anesthetic techniques based  exclu -
sively or p rimarily on p ropofol or volatile 
anesthetics. It does not reliably indicated  depth 
of anesthesia when the anesthetic technique is 
based  exclusively or primarily on ketamine, 
nitrous oxide, xenon, or opioids. (5:610)

63.  (E) The oxygen flush valve can apply oxygen 
to the breathing system at the pressure of the 
p ipeline supply (e.g., approximately 50 psi) 
possibly causing barotrauma. If the APL valve 
is open and  the scavenging system is of the 
open type, barotrauma is minimized. If oxygen 
is being su p p lied  by the gas cylind ers 
mounted  on the anesthesia machine, the cyl-
inder pressure is decreased  to approximately 
45 psi in  the anesthesia machine, and  th is 
p ressu re is app lied  to the breathing circu it 
w hen the oxygen flu sh  valve is p ressed . 
During the insp iratory phase of positive pres-
sure ventilation, both the ventilator relief and  
pop-off valves are closed , and  p ressing the 
oxygen flush valve will app ly high pressure 
to the breathing circu it. The oxygen flu sh 
valve is positioned  d istally to the rotameters 
and  vaporizers in  an  anesthesia m achine. 
(5:621, 631)

64.  (A) The system is based  on matching specific 
bores and  d iameters that are assigned  to the 
specific gases. The DISS should  prevent attach-
ment of gas administration equipment to the 
wrong gas. This is not the protective system for 
cylinder-yoke attachments that use the p in 
index safety system (PISS). DISS connectors 
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must be screwed on and  are therefore not con-
sidered  "quick-connectors." They are required  
on the machine end , and  are optional on the 
w all end , of hoses connecting anesthesia 
machines to the wall. A gas-specific "quick-
connector" is an alternative for the wall con-
nection. DISS connectors are also sometimes 
found on the gas outlets of portable gas tanks. 
(5:619)

65.  (C) Pressure damage may occur on the occiput, 
elbows, and  heels after prolonged  procedures. 
Padd ing the pop liteal fossae may decrease 
postoperative stiffness and  back pain. There is 
little ind ication to pad  the antecubital fossae. 
(5:362-3)

66.  (A) Lead  I is described  correctly. Lead  II is left 
arm and  left leg, lead  III is right arm and  left 
leg, V1 is p laced  in the 4th intercostal space to 
the right of the sternum, and  V6 is p laced  in 
the 5th intercostal space at the mid-axillary line. 
(6:1832)

67. (C) The laryngeal mask airway permits posi-
tive pressure ventilation if the fit and  seal of 
the airw ay are ad equate for a particu lar 
patient. It is positioned  blind ly in a patient 
under general anesthesia. If anesthesia depth 
is inadequate, laryngospasm may result. There 
is no protection against aspiration. (5:555-6)

68.  (A) Exhaustion of the carbon d ioxide absor-
bent will increase the amount of rebreathing 
of exhaled  gas and  increase the insp ired  
carbon d ioxid e concentration . This resu lt 
w ould  be d isp layed  as an increasing baseline 
on the capnometer w aveform. A pu lmonary 
embolus typically produces a sudden decrease 
in end-tidal CO2. Wheezing appears as a pro-
longed  app roach to p lateau  d u ring exp ira-
tion. An esophageal intubation resu lts in no 
(or minimal) measured  carbon d ioxide. If the 
wall oxygen supply is d isconnected , oxygen 
will be supplied  by the gas cylinders on the 
anesthesia machine, if their valves are open. 
If the cylinders are closed  or empty, all fresh 
gas flow  from the comm on gas ou tlet w ill 
cease. (5:465-6)

69.  (D) In the lithotomy position, internal rotation 
of the legs stretches the common peroneal 
nerve around  the head  of the fibula causing a 
nerve palsy to be more likely. Hemodynamic 
stability is preserved  because the legs are ele-
vated  above the heart. (5:363-5)

70.  (E) In an isolated  power supply system, an iso-
lation transformer is connected  between the 
electric power supplied  by the utility company 
and the electrical outlets in the operating room. 
The safety provided by this system depends on 
the patient and  any wires or metallic objects in 
contact with the patient not being connected  to 
earth ground. Conductive flooring was used in 
the past to avoid  static electricity sparks that 
could  cause fires or explosions in the presence 
of flammable anesthetics. (5:375-8)

71.  (B) The suction port of a fiberoptic bronchoscope 
is designed  primarily to aspirate secretions. 
However it may also be used to administer 
oxygen to a spontaneously breathing patient or 
to spray local anesthetic in the airway or on the 
vocal cords. It may also be used to pass the scope 
over a retrograde wire. The patient cannot be 
ventilated via this port. (5:567-9)

72.  (C) Pulse oximeters use two wavelengths of 
light—one red  and  the other infrared—to esti-
mate the percentage of hemoglobin in the oxy-
genated  form by app lying Beer ’s law  that 
relates absorbance of light by a chemical to its 
concentration. Both carboxyhemoglobin and  
methemoglobin are misinterpreted  as oxyhe-
moglobin by pulse oximeters. (1:670-1; 4:877-9; 
5:1213-4, 1448-9)

73.  (D) Nitrous oxide and  all of the volatile anes-
thetics absorb infrared  light. N itrogen and  
oxygen may be determined  by mass spectros-
copy or Raman spectroscopy. Oxygen may also 
be measured  by electrochemical or galvanic 
detectors. (1:669-70; 4:869-70; 5:1213, 1454)

74.  (E) The fail-safe valves on anesthesia machines 
are on if oxygen pressure is present. It is impor-
tant to understand  that this valve is strictly 
pressure-related . As long as there is oxygen 
pressure in the machine, the valves will be on, 
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permitting flow of other gases such as nitrous 
oxide, carbon d ioxide, air, helium, nitrogen, 
etc. It is therefore possible to still deliver a 
hypoxic mixture to the patient even with a 
functioning fail-safe valve. In contrast, newer 
machines have p roportioning systems that 
ensure a minimum concentration of oxygen 
delivered  at the common gas outlet. (1:569-70;
4:1014; 5:277)

75.  (D) A decrease in oxygen saturation may be a 
late manifestation of venous air embolism, and  
should  not be the method upon which detec-
tion is relied . The precord ial Doppler, capnom-
eter, and  mass spectrometer will all ind icate 
the presence of a venous air embolism quickly 
and  w ith high sensitivity. (1:766; 4:1635-7; 
5:2290)
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CHAPTER 3

Circulation
Ques tions

DIRECTIONS (Questions 76-149): Each of the num-
bered  items or incomplete statements in this section 
is followed by answers or by completions of the 
statement. Select the ONE lettered  answer or com-
pletion that is BEST in each case.

76. A hypertensive woman is well controlled  by 
amlodipine and  quinapril, and  she is planned  
for cholecystectomy. According to the American 
College of Card iology/ Am erican  H eart 
Association  (ACC/ AH A) Gu id elines for 
Perioperative Card iovascular Evaluation and  
Care for Noncard iac Surgery, her antihyper-
tensive medications should  be

(A)  continued during the perioperative period
(B)  held  on the morning of surgery
(C)  held  for 24 h before surgery
(D)  replaced  by intravenous medications on 

day of surgery
(E)  reduced  by 50% for 24 h before surgery

77. A 62-year-old  woman is seen in the preopera-
tive clinic prior to undergoing a total knee 
replacement. Routine laboratory results include 
a serum potassium concentration of 5.7 mEq/ L. 
This could be an effect of which one of these 
medications?

(A)  hydrochlorothiazide
(B)  bumetanide
(C)  ethacrynic acid
(D)  triamterene
(E)  chlorthalidone

78. A 58-year-old  w oman has a p reoperative 
B-typ e natr iu retic p ep tid e (BN P) level of 
200 pg/ m L fou r years after aortic valve 
replacement. This substance

25

(A)  decreases urine production
(B)  is produced  by the kidneys
(C)  is often at a normal level despite heart 

failure
(D)  is a product of immunological B-cells
(E)  is a marker of inflammation and  myo-

card ial damage in heart failure

79. A 43-year-old woman is in the PACU following 
facial cosmetic surgery when suddenly her car-
diac rhythm changes to supraventricular tachy-
cardia. The PACU resident decides to administer 
adenosine. The effects of this medication usu-
ally last for just a few seconds, but may be pro-
longed by the prior administration of

(A)  caffeine
(B)  theobromine
(C)  epinephrine
(D)  d ipyridamole
(E)  ketamine

80. A 70-year-old  man underwent coronary sur-
gery with the aids of card iopulmonary bypass 
and  hep arin . H is chance of p ostop erative 
hep arin-induced  thrombocytopenia (HIT) is 
approximately

(A)  2%
(B)  20%
(C)  50%
(D)  80%
(E)  99%
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81. A 72-year-old  woman takes aspirin and  clopi-
dogrel because of the recent insertion of a 
d rug-eluting coronary stent. She has a reduc-
ible ventral hernia that will require repair at 
some point, but the surgeon wants her to stop 
the clopidogrel a week prior to the surgery. 
Based  on the 2007 advisory from the American 
College of Card iology and  the American Heart 
Association, it is recommended that she delay 
elective repair of her hernia until how long 
after her stent procedure?

(A)  1 month
(B)  3 months
(C)  6 months
(D)  12 months
(E)  24 months

82. High saturation of hemoglobin with oxygen is 
planned  in a patient with sickle cell d isease. A 
factor that tends to increase the affinity of 
hemoglobin for oxygen is

(A)  acidosis
(B)  hyperthermia
(C)  carbon monoxide
(D)  hypercarbia
(E)  d iphosphoglycerol

83. A 70-year-old  man with a palpable pulsatile 
abdominal mass underwent CT evaluation and  
was found to have an aortic aneurysm 4.5 cm 
in d iameter. His approximate annual risk of 
rupture is

(A)  0.5-5%
(B)  10-20%
(C)  20-40%
(D)  30-50%
(E)  50-70%

84. A 25-year-old  man has suffered  hemorrhagic 
trauma in a motor vehicle accident. He bears 
blood group A and can receive

(A)  whole blood of type AB
(B)  red  cells of type A or O
(C)  FFP of any type
(D)  red  cells of any type
(E)  whole blood of type O

85. A 30-year-old  man has fainted  several times 
and  has familial hypertrophic obstructive car-
d iomyopathy. H emod ynamic goals du ring 
anesthesia for inguinal hernia repair include

(A)  decreased  preload
(B)  decreased  afterload
(C)  decreased  contractility
(D)  increased  heart rate
(E)  low hematocrit

86. A 60-year-old patient with aortic valve area of 
0.8 cm2 is planned for laparoscopic cholecystec-
tomy. In an effort to optimize hemodynamics in 
aortic stenosis, the goals generally include

(A)  low preload
(B)  low afterload
(C)  low heart rate
(D)  low hematocrit
(E)  high pulmonary vascular resistance

87. A 60-year-old  man with mean arterial pressure 
of 50 mm Hg is considered  for intraaortic bal-
loon counterpulsation. The device can be ben-
eficial in the following conditions EXCEPT

(A)  aortic regurgitation
(B)  mitral regurgitation
(C)  ventricular septal defect
(D)  myocard ial ischemia
(E)  myocard ial stunning

88. A preoperative patient is noted  to have ele-
vated  mean red  cell volume. This could  ind i-
cate the following EXCEPT

(A)  aplastic anemia
(B)  anemia of chronic liver d isease
(C)  iron deficiency anemia
(D)  anemia of folate or vitamin B12 deficiency
(E)  chemotherapy

89. A 50-year-old  w ith von Willebrand  d isease 
requires thyroidectomy. Hemostatic aids might 
include the following EXCEPT

(A)  desmopressin (DDAVP)
(B)  cryoprecipitate
(C)  aminocaproic acid
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(D)  tranexamic acid
(E)  vitamin K

90. A critically ill patient is monitored  with the aid  
of a dorsalis pedis arterial catheter after failure 
of a femoral catheter. As the pressure monitor-
ing site moves d istally from the aorta the

(A)  pulse pressure increases
(B)  upstroke is sooner
(C)  mean pressure decreases
(D)  d iastolic pressure increases
(E)  d icrotic notch is earlier

91. A 65-year-old  man has a type II aortic aneu-
rysm. In the Crawford  classification of thora-
coabd om inal aortic aneu rysm extent, the 
following are true EXCEPT

(A)  type I does not involve the renal arteries
(B)  the renal arteries are involved in types II, 

III, and  IV
(C)  type IV involves the entire descending 

thoracic aorta
(D)  type II arises near the left subclavian 

and  reaches the abdominal bifurcation
(E)  type III arises in the midportion of the 

descending thoracic

92. Hypoxia general elicits vasodilation in patients. 
However, hypoxic vasoconstriction is prominent 
and clinically important in the

(A)  lungs
(B)  brain
(C)  heart
(D)  liver
(E)  skin

93. A 64-year-old male with a past medical history 
significant for coronary artery d isease and  
peripheral vascular d isease is found unrespon-
sive in his bed. It is two days since he under-
went right femoro-popliteal bypass grafting, 
and his postoperative course had been compli-
cated by ventricular arrhythmias. Upon arrival 
of the rapid  response team, the airway is 
secured, and an ECG is obtained that shows a 
polymorphic tachycard ia that is oscillating 

around  the baseline, and  intermittent sinus 
rhythm with T-wave alternans. This arrhythmia

(A)  may be elicited  by procainamide
(B)  is a type of supraventricular tachycard ia
(C)  can be caused  by hypermagnesemia
(D)  is characterized  by a short QT interval
(E)  is more frequent in men than women

94. Pain control fails to improve the tachycardia of 
a patient in the PACU. At equianalgesic doses, 
the opioid  most likely to increase heart rate is

(A)  morphine
(B)  meperid ine
(C)  fentanyl
(D)  sufentanil
(E)  hydromorphone

95. A 60-year-old  man is suspected  of acute coro-
nary syndrome. Myocard ial oxygen demand  
may be decreased  by

(A)  tachycard ia
(B)  decreased  preload
(C)  increased  afterload
(D)  increased  contractility
(E)  increased  wall tension

96. A 70-year-old  woman is under anesthesia in 
preparation for coronary surgery. Coronary 
perfusion pressure is increased  as a result of

(A)  increased  d iastolic blood pressure
(B)  increased  left ventricular end-d iastolic 

pressure
(C)  systolic hypertension
(D)  tachycard ia
(E)  hypocapnia

97. A patient with mild  aortic stenosis is undergo-
ing splenectomy. At a constant stroke volume, 
card iac output is

(A)  proportional to resistance
(B)  a linear function of heart rate
(C)  dependent on blood volume
(D)  related  to potassium concentration
(E)  inversely proportional to arterial blood  

pressure
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98. Your patient is in normal sinus rhythm. The 
intrinsic rate of the sinoatrial node is generally

(A)  20 to 40 beats per minute
(B)  40 to 60 beats per minute
(C)  70 to 80 beats per minute
(D)  80 to 100 beats per minute
(E)  100 to 120 beats per minute

99. Electrocard iographic monitoring is ind icated  
during anesthesia to detect all of the following 
EXCEPT

(A)  efficacy of pump function
(B)  arrhythmias
(C)  ischemia
(D)  electrolyte d isturbance
(E)  pacemaker function

100. Your patient has a history of deep  venous 
thrombosis and  pu lmonary embolism. An 
endogenous inhibitor of intravascular coagula-
tion is

(A)  factor V Leiden
(B)  activated  protein C
(C)  bradykinin
(D)  Hageman factor
(E)  argatroban

101. A 40-year-old  skier is hypotensive after a 
femur fracture and  is suspected of fat embolus. 
Other clinical manifestations of fat emboli 
include the following EXCEPT

(A)  petechiae
(B)  hypoxemia
(C)  confusion
(D)  bradycard ia
(E)  cyanosis

102. A preoperative patient is noted  to have a low 
p latelet cou nt. The m in im u m  nu m ber of 
p latelets need ed  for su rgical hemostasis is 
approximately

(A)  10,000/ mm 3

(B)  50,000/ mm 3

(C)  80,000/ mm 3

(D)  120,000/ mm 3

(E)  1,000,000/ mm3

DIRECTIONS: Use the following figure to answer 
Questions 103-106:

LVEDP
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103. Left ventricular end-d iastolic pressure is most 
closely approximated  by

(A)  arterial blood pressure
(B)  central venous pressure
(C)  pulmonary artery systolic pressure
(D)  pulmonary capillary wedge pressure
(E)  right atrial pressure

104. The curves marked 3 and  4 in the graph shown 
could  be seen in patients

(A)  with increased  contractility
(B)  on d igoxin or epinephrine
(C)  who are in heart failure
(D)  who have been treated  with glucagon
(E)  who respond to increased  left ventricu-

lar end-d iastolic pressure (LVEDP) with 
increased  stroke volume

105. If a patient’s status is represented  by point A 
on curve 4 in the graph shown, then adminis-
tration of intravenous flu id  may

(A)  shift the patient to the normal curve
(B)  shift the patient to point B or C
(C)  take the patient to point B only
(D)  have no effect
(E)  shift the patient to curve 2

tahir99 - UnitedVRG
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106. Administration of an inotrope to a patient at 
point B on curve 4 is intended  to

(A)  shift the patient to curve 3
(B)  shift the patient to point A
(C)  shift the patient to point C
(D)  maintain the patient at point B
(E)  shift the patient to curve 1

107. A 5-foot, 7-inch, 40-year-old  man w eighing 
320 pounds is planned  for laparoscopic gastric 
bypass. Morbid  obesity is associated  with

(A)  decreased  card iac output
(B)  hypertension
(C)  decreased  pulmonary artery pressure
(D)  decreased  blood volume
(E)  decreased  card iac workload

108. A newborn has persistent patency of the ductus 
arteriosus. This may close in response to

(A)  hypoxemia
(B)  alprostad il (prostagland in E1)
(C)  heparin
(D)  indomethacin
(E)  nitrous oxide

109. You  are hyperventilating a neu rosu rgery 
patient to an arterial Pco2 value of 28 mm Hg. 
The coronary circu lation responds to hyper-
ventilation with

(A)  no change
(B)  an increase in flow
(C)  a decrease in flow
(D)  a transient increase followed by an 

intense vasodilatation
(E)  intense vasoconstriction

110. Your patient’s blood pressure is 160/ 100. The 
mean pressure is approximately

(A)  110 mm Hg
(B)  120 mm Hg
(C)  130 mm Hg
(D)  140 mm Hg
(E)  150 mm Hg

111. A small bubble is noted  in the saline-filled  
plastic tubing connected  to an arterial catheter 
of your patient. The bubble

(A)  is not significant
(B)  leads to an artificially high reading
(C)  affects only the d iastolic pressure
(D)  leads to a damping of the tracing
(E)  has a greater effect on the mean blood 

pressure

112. Under normal circumstances, the plasma pro-
tein (colloid ) osmotic pressure is

(A)  0 mm Hg
(B)  5 mm Hg
(C)  20 mm Hg
(D)  50 mm Hg
(E)  100 mm Hg

113. Pulmonary edema may result from all of the 
following EXCEPT

(A)  altered  permeability
(B)  decreased  pulmonary capillary pressure
(C)  decreased  oncotic pressure
(D)  increased  negative airway pressure
(E)  head  injury

114. You encounter a cyanotic patient. Net right-to-
left shunt is a feature of

(A)  atrial septal defect
(B)  ventricular septal defect
(C)  patent ductus arteriosus
(D)  tetralogy of Fallot
(E)  increased  ventricular filling pressure

115. You notice an increase in heart size before revas-
cularization of a patient undergoing coronary 
surgery. If the size of the ventricle increases

(A)  wall tension needed  to pump the same 
amount of blood  is less

(B)  less oxygen is needed  to pump blood
(C)  the heart becomes more efficient
(D)  wall tension will increase proportionally 

with the rad ius
(E)  wall tension will be proportional to wall 

thickness
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116. Your goal is to maintain coronary blood flow 
while a patient with coronary d isease under-
goes cholecystectomy. The flow

(A)  is independent of the systolic pressure
(B)  is not affected  by humoral agents
(C)  is increased  by a slow heart rate
(D)  is increased  by a fast heart rate
(E)  occurs almost entirely in systole

117. You are monitoring a patient with the aid  of a 
pulmonary artery catheter. Pulmonary artery 
pressure

(A)  increases passively with increases of car-
d iac output

(B)  remains constant with change of card iac 
output

(C)  is not important to pulmonary vascular 
resistance

(D)  is not dependent on the rad ius of the 
vessels

(E)  depends entirely on card iac output

118. You are evaluating the degree of congestive 
heart failu re in a preoperative patient w ith 
dyspnea on exertion. Increased  sympathetic 
tone in congestive heart failure may be ind i-
cated  by

(A)  memory loss
(B)  weakness
(C)  fatigue
(D)  confusion
(E)  anxiety

119. A 56-year-old  female is undergoing left pneu-
monectomy for lung cancer. A few hours after 
the surgery, the patient is noted  to have pro-
gressive hypoxemia, and  hypotension requir-
ing vasopressor support. A stat transthoracic 
echocardiogram obtained at the bedside is sug-
gestive of right-heart failure. The next best step 
in management would  be

(A)  administration of selective pulmonary 
vasodilators

(B)  afterload  reduction with infusion of 
intravenous nicard ipine

(C)  endotracheal intubation and  high levels 
of positive end-expiratory pressure 
(PEEP)

(D)  a reduction in FIO2

(E)  endotracheal intubation and  permissive 
hypercarbia

120. Card iopu lmonary bypass is initiated  in  a 
70-year-old  man planned for coronary surgery. 
Unexpected  hypotension (mean aortic pres-
sure of 30 mm Hg) is rapid ly encountered  and  
may be due to all of the following EXCEPT

(A)  hemodilu tion
(B)  decreased  catecholamines
(C)  aortic stenosis
(D)  persistent systemic to pulmonary shunt
(E)  aortic d issection

121. Your patient requires cardiopulmonary bypass. 
Myocard ial p reservation during that p roce-
dure may include all of the following EXCEPT

(A)  maintaining the ventricle in a d istended  
state

(B)  card ioplegia
(C)  nearly continuous perfusion
(D)  avoidance of ventricular fibrillation
(E)  maintaining the heart at a low

temperature

122. Following breast surgery under general anes-
thesia, your patient in the recovery room exhib-
its elevated blood pressure readings of about 
190/ 110 mm Hg. Your approach should be

(A)  treat the blood pressure with small 
doses of an antihypertensive medication

(B)  do nothing, but wait to see if the hyper-
tension is a transient problem associated  
with emergence from anesthesia

(C)  examine the patient for evidence of 
hypoxia or hypercarbia

(D)  recheck the blood pressure yourself to 
make sure the cuff is the correct size

(E)  arrange a card iology consultation
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123. A 97-year-old  woman undergoes bowel resec-
tion under general anesthesia. Card iovascular 
changes that occur with advancing age are

(A)  decreasing blood pressure
(B)  increase in card iovascular reserve
(C)  loss of elasticity of the vascular tree
(D)  increased  number of myofibrils
(E)  increase in card iac output

124. Poor right ventricular contractility is noted  in 
the operating room soon after mitral valve 
replacement. The right ventricle

(A)  has little function in the adult patient
(B)  is very easily cooled  in the patient 

undergoing card iopulmonary bypass
(C)  can overcome pulmonary vascular resis-

tance very effectively, and , therefore, is 
not of concern in terminating card iopul-
monary bypass

(D)  is more likely to be injured  by intracoro-
nary air than is the left ventricle during 
card iopulmonary bypass

(E)  is unaffected  by PEEP

125. A preoperative patient is planned  for surgery 
prompted by workup of hypertension. A cause 
of systemic hypertension that is amenable to 
surgical correction is

(A)  essential hypertension
(B)  secondary aldosteronism
(C)  renal parenchymal d isease
(D)  pheochromocytoma
(E)  long-stand ing renal artery stenosis

DIRECTION S: Use the follow ing scenario to 
answ er Questions 126–127. A 24-year-old  female is 
admitted  for evaluation of chest pain. The pain is 
sharp  and  aggravated  by breathing. A chest x-ray 
shows an enlarged  heart, ECG shows decreased  
voltage, and  there is a pericard ial friction rub. 
Pericard iocentesis d emonstrates pu ru lent flu id . 
Serial x-rays show w idening of the card iac shad-
ow, and  the patient is scheduled  for pericard ial 
d rainage.

126. On physical examination, you would  expect to 
find

(A)  a water-hammer pulse
(B)  an increased  card iac output
(C)  d istended  neck veins that flatten in the 

sitting position
(D)  decreased  arterial pressure
(E)  low central venous pressure

127. A pulsus paradoxus is a pulse that has the fol-
lowing properties EXCEPT that it

(A)  reduces in amplitude >10 mm Hg on 
inspiration

(B)  can occur in hemorrhage and  in severe 
obstructive lung d isease

(C)  is an exaggeration of the normal respira-
tory effect on the arterial pulse

(D)  is stronger on inspiration
(E)  is associated  with tamponade,

pulmonary embolism, and  tension 
pneumothorax

128. A 68-year-old  is noted  to have an abnormal 
Allen test before card iac surgery. The test is

(A)  used  to assess adequacy of rad ial artery 
perfusion

(B)  of little predictive value
(C)  positive if good flow occurs
(D)  negative if good  flow occurs
(E)  independent of hand position

129. Central venous cannulation is ind icated  in all 
the following procedures EXCEPT

(A)  a surgical procedure in which there is an 
unusual position, e.g., head-down 
position

(B)  patients in shock
(C)  total parenteral hyperalimentation
(D)  intravenous administration of

vasopressors
(E)  inadequate venous access in a patient 

with extensive burns
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130. A 42-year-old  patient with a past medical his-
tory of insu lin dependent d iabetes mellitus 
and  end-stage renal d isease requiring hemodi-
alysis is admitted  to the intensive care unit 
with signs and  symptoms of septic shock sec-
ondary to community acqu ired  pneumonia. 
The patient has very poor peripheral access, 
and  a decision for p lacement of a central 
venous catheter, as well as an arterial catheter 
for blood pressure monitoring, is made. With 
respect to potential sites of vessel cannulation 
it is true that

(A)  chylothorax is common with right inter-
nal jugular cannulation

(B)  brachial plexus trauma is common with 
the antecubital approach for central 
venous cannulation

(C)  the risk of pneumothorax is low with 
the subclavian approach

(D)  the Allen test rules out ischemic compli-
cations related to a radial arterial catheter

(E)  the dorsalis pedis is not the artery of 
choice for blood  pressure monitoring in 
a patient with d iabetes

131. You are asked by a member of the orthopedic 
team to do a preoperative evaluation on an 
87-year-old  female admitted  from the emer-
gency department for left femur fracture. The 
patient has a heart murmur, and an echocardio-
gram obtained by the medical consultant shows 
aortic stenosis with a valve area of 0.6 cm2. The 
patient with severe aortic stenosis usually has

(A)  a rapid ly deteriorating course once 
symptoms are present

(B)  a large left ventricular cavity
(C)  low voltage criteria on the 

electrocard iogram
(D)  protection against ischemia due to the 

large ventricle
(E)  a very compliant ventricle

132. A bridge-to-transplant patient with biventricu-
lar heart failure is stabilized  by placement of a 
left ventricular assist device and  by adminis-
tration of inhaled  nitric oxide. The inhaled  
d rug has the following properties EXCEPT 
that it

(A)  may cause methemoglobinemia
(B)  often lowers mean pulmonary artery 

pressure
(C)  exhibits virtually no systemic 

vasod ilation
(D)  often decreases systemic oxygenation
(E)  increases vascular smooth muscle cyclic 

GMP

133. Following cardiac surgery, a patient is noted  to 
exhibit equalization of d iastolic filling pres-
sures (central venous, right ventricu lar d ia-
stolic, pulmonary artery d iastolic, pulmonary 
capillary wedge) that tends to occur in

(A)  mitral stenosis
(B)  pulmonary embolus
(C)  tricuspid  regurgitation
(D)  card iac tamponade
(E)  atrial fibrillation

134. Vitamin K

(A)  is required  for synthesis of functional 
clotting factors VII, IX, X, and  II 
(prothrombin)

(B)  antagonizes heparin
(C)  potentiates warfarin
(D)  antagonizes protamine sulfate
(E)  is a prominent citrus product

135. A patient in renal failure is receiving erythro-
poietin in preparation for card iac surgery. This 
substance

(A)  is normally produced  by the liver
(B)  increases platelet production
(C)  increases red  blood cell production
(D)  increases white blood cell production
(E)  is a breakdown product of heme

136. A 20-year-old  tachycard ic patient improves 
following an intravenous dose of adenosine. 
The d rug

(A)  inhibits phosphodiesterase
(B)  is inactivated  by catechol 

O-methyltransferase
(C)  decreases atrioventricular conduction
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(D)  is a β -adrenergic agonist
(E)  is primarily cleared  by the kidneys

137. A preoperative 3-year-old  exhibits ”tet spells.” 
An agent that may reduce right-to-left shunt in 
tetralogy of Fallot is

(A)  sodium nitroprusside
(B)  labetolol
(C)  propranolol
(D)  phenylephrine
(E)  d iltiazem

138. Seven years after heart transp lantation, a 
60-year-old  woman is planned  for appendec-
tomy. The transp lanted , d enervated  heart 
responds to

(A)  circulating catecholamines
(B)  circulating acetylcholine
(C)  neuromuscular blocking agents
(D)  vagal stimulation
(E)  muscarinic blocking agents

139. A 58-year-old  man with chest pain exhibits 
elevation of the ST segments of precordial ECG 
leads. This find ing can occur in all of the fol-
lowing conditions EXCEPT

(A)  Prinzmetal’s angina (coronary spasm)
(B)  acute pericard itis
(C)  myocard ial infarction
(D)  myocard ial contusion
(E)  during normal exercise in an ind ividual 

without coronary d isease

140. You consid er verapamil for a tachycard ic 
patient. The drug may exacerbate all of the fol-
lowing d iseases or symptoms EXCEPT

(A)  sick sinus syndrome
(B)  atrial fibrillation
(C)  atrioventricular block
(D)  Wolff–Parkinson–White syndrome
(E)  congestive heart failure

141. You measure card iac output in order to calcu-
late systemic vascu lar resistance in a sep tic 
patient. Card iac output is

(A)  identical in the left and  right heart
(B)  usually 2 to 3 L/ min in a 70-kg man
(C)  unaffected  by blood  volume
(D)  the product of heart rate and  stroke 

volume
(E)  the product of heart rate and  mean arte-

rial pressure

142. You consider reduction of myocard ial contrac-
tility in  a card iac patient. Contractility is 
decreased  by

(A)  sympathetic stimulation
(B)  parasympathetic tone
(C)  milrinone administration
(D)  norepinephrine
(E)  epinephrine

DIRECTIONS: Each group of items below consists 
of lettered  headings followed by a list of numbered  
phrases or statements. For each numbered  phrase or 
statement, select the ONE lettered  heading or com-
ponent that is most closely associated  with it. Each 
lettered  heading or component may be selected  
once, more than once, or not at all.

(A)  atrial fibrillation
(B)  hypertrophic obstructive cardiomyopathy
(C)  pericard itis
(D)  aortic regurgitation
(E)  pulmonary embolism
(F)  Eisenmenger syndrome
(G)  tricuspid  regurgitation
(H)  myocard ial infarction

For each patient with a card iac symptom or sign, 
select the most likely mechanism causing the symp-
toms or sign.

143. A 50-year-old  man has dyspnea on mild  exer-
tion, bounding pulses, and a d iastolic murmur.

144. A 40-year-old  woman w ith a long-stand ing 
heart murmur has shortness of breath, cyano-
sis, and  a systolic heart murmur

145. A 20-year-old  man becomes profoundly hypo-
tensive after modest intraoperative bleed ing.
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146. A 70-year-old  woman with an irregular pulse 
suffers sudden loss of the right lower quadrant 
of the visual field .

147. A 25-year-old  heroin u ser has peripheral 
edema.

148. A 70-year-old  w om an d evelops acu te d ys-
pnea one w eek after hip  rep lacement. She is 

tachypneic and  cyanotic. A chest x-ray is 
unremarkable.

149. A 20-year-old man has chest pain, a friction rub 
on chest auscultation, and  J-point elevation on 
most ECG leads.
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Answers  and Explana tions

76.  (A) Antihypertensives are recommended  to be 
continued . In particu lar, beta-blockers and  
clonid ine are continued  because of the poten-
tial for significant w ithd raw al synd romes. 
(5:743)

77.  (D) Hyperkalemia is associated with amiloride, 
sp ironolactone, and  triamterene. The other 
choices tend  to decrease potassium. (5:743)

78.  (E) A low BNP level might be useful to select 
out high-risk patients who do not need  echo-
card iograms to rule out ventricular dysfunc-
tion. Preoperative levels may predict myocard ial 
injury and  hospital length of stay. It may be a 
useful marker of perioperative deterioration. 
(5:109)

79.  (D) Dipyridamole blocks reuptake of adenos-
ine, delaying its clearance and  potentiating its 
effects. Caffeine and  theobromine are compet-
itive inhibitors of adenosine action. (5:765)

80.  (A) The frequency of HIT after card iac surgery 
is abou t 2%. H ow ever, 25-50% of patients 
develop heparin-dependent antibod ies post-
operatively over the first 5-10 days after expo-
sure. If this immunological response strongly 
activates p latelets and  coagulation, it causes 
the prothrombotic d isorder known as HIT. 
Antibody assays do not necessarily ind icate 
HIT, but negative assays are helpful to rule out 
the problem. (5:900)

81.  (D) Antip latelet therapy is more important 
than time between stent p lacement and  sur-
gery in reducing stent thrombosis. Although 

d ual antip latelet continuation for 12 months 
is mand atory, clop id ogrel treatment beyond  
12 months may not be necessary. (5:106)

82.  (C) The other factors facilitate release of oxygen 
from hemoglobin. (5:460)

83.  (A) The first four percentages are respectively 
for 4.0-4.9, 6.0-6.9, 7.0-7.9, and  >8 cm. (5:1024)

84.  (B) A patient bearing blood group A can receive 
whole blood type A, red  cells of type A or O, 
p lasma of type A or AB, any cryoprecipitate or 
p latelets of any type. (6:951)

85.  (C) Intraoperative hemodynamic goals include 
increased  pre-, and , afterload , and  decreased  
contractility, and  heart rate. (5:910)

86.  (C) High pre- and  afterload  and  low heart rate 
can be salutary, as long as the low rate does not 
compromise card iac output. (5:910)

87.  (A) The balloon worsens aortic regurgitation. 
(6:2235-6)

88.  (C) The anemia of iron deficiency is microcytic. 
(5:199)

89.  (E) The von Willebrand  factor is not sensitive 
to vitamin K. The sensitive factors are II, VII, 
IX, X, C, and  S. (5:205, 6:980-1)

90.  (A) The mean p ressu re is fairly uniform 
throughout the arterial tree, but the pulse pres-
sure is higher in the foot than in the wrist or 
aorta. (5:406-7)
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91.  (C) Type IV arises at the level of the diaphragm. 
(5:917-8)

92.  (A) The vasoconstrictor response of the pulmo-
nary circulation d iffers from that of other tis-
sues in order to match lung perfusion to 
ventilation. (5:967-9)

93.  (A) The description of the arrhythmia is con-
sistent with torsades des pointes. The phrase 
was taken from a ballet-dancing maneuver. It 
is a type of polymorphic ventricular tachycar-
d ia characterized  by a long QT interval. 
Procainamide can prolong the QT interval and  
elicit torsade. Magnesium can be therapeutic. 
The arrhythmia occurs more frequently in 
women than in men. (6:54, 175-6, 1884, 1891)

94.  (B) Meperidine tends to decrease cardiac output 
and increase heart rate. Other µ -receptor ago-
nists tend to decrease heart rate. (1:715-6)

95.  (B) Myocard ial oxygen  consu m p tion  is 
increased  by tachycard ia. It causes increased  
demand  for oxygen at the same time that it 
leads to decreased  oxygen supply by decreas-
ing coronary blood  flow. Increased  afterload  
leads to increased  wall tension, both of which 
require more oxygen. Increases in contractility 
require more oxygen. (5:903)

96.  (A) Coronary perfusion (CPP) occurs mostly 
during d iastole. CPP =  DBP −  LVEDP, where 
DBP is d iastolic blood pressure and  LVEDP is 
left ventricular end-d iastolic pressure. As DBP 
rises or LVEDP falls, the flow will increase. 
Tachycard ia decreases time of perfusion, since 
d iastole is shortened . Systolic hypertension 
decreases perfusion, since the ventricle con-
tracts harder, allowing less perfusion during 
systole. (5:902)

97.  (B) At a constant stroke volume, cardiac output 
is a linear function of heart rate. The other fac-
tors are important in the generation of card iac 
output, but they are d irect or ind irect determi-
nants of stroke volume: resistance (afterload), 
arterial pressure, and  blood  volume (preload). 
Card iac output is not d irectly related  to potas-
sium concentration. (6:1856)

98.  (C) The intrinsic rate of the sinoatrial node is 
generally 70 to 80 beats per minute. Since it has 
a faster rate, it is the dominant pacemaker. The 
more caudal a pacemaker cell is located  in the 
conduction system, the slower its intrinsic rate. 
The atrioventricular node hasan intrinsic rate 
of 40 to 60 beats per minute. (6:1867-71)

99.  (A) The ECG cannot detect efficacy of pump 
function. The ECG may show a normal sinus 
rhythm during pu lseless electrical activity 
(electrom echanical d issociation) w hen the 
pump is not working effectively at all. The 
ECG can also be observed  for changes indica-
tive of electrolyte d istu rbance, especially of 
calcium and  potassium. Ischemia may be 
detected  by changes in the tracing. Pacemaker 
function may be checked by observing the trac-
ing while turning the pacemaker on and  off 
(e.g. with a magnet). Arrhythmias are detected  
by the ECG. (5:89)

100.  (B) End othelial throm bomod ulin converts 
intravascular thrombin from a clotting enzyme 
into an activator of protein C. The activated  
protein C has anticoagulant activity through its 
destruction of factors V and  VIII. Factor V 
Leiden is a single point mutation that makes 
the molecule resistant to destruction by acti-
vated  protein C and therefore increases the risk 
of intravascular thrombosis. Argatroban is a 
synthetic inhibitor of thrombin. Activated  
Hageman factor initiates the intrinsic blood  
clotting cascade and  activates prekallikrein to 
produce bradykinin. (1:860, 883)

101.  (D) Fat emboli may be seen with fractures. Fat 
embolism syndrome is associated  with pete-
chiae, hypoxemia, confusion and  cyanosis. 
Tachycard ia is often present. (5:1203)

102.  (B) The minimum number of platelets needed  
for normal coagulation is controversial, but is 
frequ en tly cited  as 30,000–50,000/ m m 3.
(5:1446)

103.  (D) Pulmonary capillary wedge pressure is the 
best estimate of left ventricular end-d iastolic 
p ressure. By measuring changes in card iac 
output and  pressures, a ventricu lar function 
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curve can be d rawn and  therapeutic interven-
tions evaluated . Right heart pressures do not 
necessarily provide accurate estimates of left 
heart pressures and  function. Therefore, cen-
tral venous pressure gives the worst approxi-
mation of left side function. (5:414-5)

104.  (C) The curves are representative of patients 
who are not responding to increases in LVEDP 
with increases in stroke volume. These do not 
show any effect of increased  contractility or 
any effect of inotropic intervention. In such a 
patient, inotrope administration may be the 
next logical step. (1:792)

105.  (B) A patient on such a low curve may respond 
to fluid  by advancing to point B, but the patient 
may also react adversely and  fall even farther 
down on the curve. This would  be represented  
by point C. (1:792)

106.  (A) The inotrope ought to improve contractility. 
(1:792)

107.  (B) Severe hypertension is seen in 5% to 10% of 
patients with morbid  obesity. Moderate hyper-
tension is seen in 50% of patients. The card iac 
output is increased , as is the pulmonary artery 
pressure. Blood  volume is increased , and  the 
card iac workload  is increased . (5:305)

108.  (D) The ductus normally closes in response to 
elevated  arterial oxygen tension and  patency 
may be maintained deliberately with alprostad il 
(PGE1). (5:1181)

109.  (C) Coronary circulation reacts to carbon d iox-
ide in a manner similar to cerebral circulation. 
Although this may be salu tary in the instance 
of head  trauma, in the patient with chest pain 
and  ischemia, hyperventilation may lead  to 
further decrease of coronary flow. The magni-
tude of the decrease is not large. (5:902)

110.  (B) An estimate for mean arterial pressure is: 
MAP =  d iastolic +  (systolic −  d iastolic)/ 3. 
(5:1369)

111.  (D) The pressure waveform may be affected by 
the presence of even small bubbles. The bubble, 

being very compliant, leads to a damping of 
the trace and  a read ing that hovers around the 
mean. Both systolic and  d iastolic pressure will 
be affected . (5:407)

112.  (C) The plasma oncotic pressure is important 
in maintaining the fluid  balance in the capillar-
ies. The balance between the driving pressure 
and  the oncotic p ressu re p revents tissue 
edema. The delicate balance can be d isturbed  
by either increases or decreases in pressure or 
increases or d ecreases in oncotic p ressu re. 
(5:338-9)

113.  (B) Pulmonary edema results from an increase 
in pulmonary capillary pressure. Pulmonary 
ed ema may also resu lt from neurological 
injury. Negative airway pressure pulmonary 
edema has been reported  in the patient with 
airway obstruction who is breathing against a 
closed  glottis or an occluded  end otracheal 
tube. (5:422-3)

114.  (D) There is increased  pulmonary blood flow 
in the other lesions. (5:928-32)

115.  (D) As the size of the ventricle increases, the 
radius increases, and the wall tension increases. 
The law of LaPlace states that more tension is 
needed  to generate the same pressure as the 
rad ius increases. This makes the heart more 
inefficient and  requires more oxygen to pump 
blood. (1:749 )

116.  (C) Coronary perfusion is improved by slow 
heart rates, since most perfusion occurs during 
d iastole. The coronary flow is not independent 
of systolic pressure, since areas of the subendo-
card ium are poorly perfused  during systole. 
(6:1998)

117.  (A) As the card iac ou tput increases, pu lmo-
nary artery pressure increases. Other factors 
also are involved in pulmonary artery pressure, 
e.g., the rad ius of the vessels. Vasoconstriction 
and  vasod ilatation of the pulmonary vessels 
occur with changes of card iac output to regu-
late pulmonary vascular resistance. (5:412-15,
932, 969)
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118.  (E) The anxiety seen in patients with conges-
tive heart failure is due to increased  sympa-
thetic activity. The increased  sympathetic 
activity is a compensatory mechanism, and  it 
is not d irectly related  to the low flow state, as 
are the other options. Memory loss, weakness, 
fatigue, and  confusion are d irectly caused  by 
low output. (6:1904-5)

119.  (A) Hypoxia, hypercarbia, and  PEEP increase 
the afterload  of the failing right heart. After 
pneumonectomy, a healthy right ventricle may 
fail when suddenly challenged  with increased  
afterload  due to the decrease in cross-sectional 
area of the pulmonary vasculature, and  result-
ing pulmonary hypertension. Selective pulmo-
nary vasodilators such as inhaled  nitric oxide 
or inhaled epoprostenol can be useful to reduce 
PVR. (5:1005)

120.  (C) Hypotension persisting after initiation of 
bypass may be a sign of aortic insufficiency. 
The initial hemodilu tion may cause decreased  
catecholamines and  decreased  viscosity. These 
shou ld  be transient. If persistent, one must 
look for other problems, e.g., a persistent shunt 
or aortic d issection. (5:923)

121.  (A) Allowing the ventricle to become overd is-
tended  can be detrimental, and  most centers 
use a ventricular vent to decompress it. The 
ventricle should  be kept in a nonbeating state 
and  kept cold  to lower oxygen consumption. 
Fibrillation  shou ld  be avoid ed , since the 
oxygen cost is great. (5:908)

122.  (C) The recovery room patient with hyperten-
sion should  be examined  to rule out hypoxia 
or hypercarbia. If p resent, these m ust be 
treated , and  this takes precedence over other 
considerations. After you have ruled  out those 
problems, you can proceed  with a methodical 
assessment of the problem: retake the pressure, 
and  if it is not life threatening, you may want 
to watch it or treat it w ith a d rug. In some 
cases, a consultation may be in order. (5:1281,
1291-2)

123.  (C) The vascular tree becomes less elastic with 
age. Blood  pressure rises with age that may be 

a reflection  of the loss of elasticity. The 
number of myofibrils decreases, and  the car-
d iac ou tpu t d ecreases. The card iovascu lar 
reserve decreases as a reflection of the other 
changes. (5:279-80)

124.  (D ) Right ventricu lar function is receiving 
much more attention, and the interdependence 
of the two ventricles is being appreciated  to a 
greater degree. Blood  flow occurs during sys-
tole and  d iastole. Since there is good collateral 
flow, it is harder to cool the right ventricle. 
Pulmonary vascular resistance is hard  to over-
come, since the ventricle muscle is not as well 
developed . PEEP will be transmitted  to the 
right ventricle, d ecreasing venous retu rn. 
(5:924; 6:2076)

125.  (D) Pheochromocytoma is often amenable to 
surgical correction. Other causes of secondary 
hypertension, secondary aldosteronism and 
renal parenchymal d isease, may not be so ame-
nable. The patient with renal artery stenosis 
may be treated  surgically if the condition is 
d iagnosed  early. If later, surgery may be of no 
help. (5:1125)

126.  (D ) A w ater-hammer pu lse is seen in the 
patient with aortic insufficiency. The patient 
w ith pericard ial effusion will exhibit pu lsus 
paradoxus. The card iac output is decreased . 
The neck veins are d istended  and  stay d is-
tended in the supine position, since little drain-
age can occur. Blood  pressure will decrease. 
(6:2221)

127.  (A) Pulsus paradoxus is an exaggeration of the 
normal variation in the pulse with inspiration. 
The pulse reduces in amplitude on inspiration. 
(6:1824-5)

128.  (B) The Allen test is used  to assess the ade-
quacy of u lnar artery flow when cannulating 
the rad ial artery. Studies have shown poor cor-
relation with subsequent problems. The reason 
for this is that many of the p roblems are 
embolic in natu re that cannot be pred icted  
with an Allen test. In addition to the lack of 
data showing correlation, there is confusion as 
to what is positive or negative. It is better to 
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describe the result of the test. Since the position 
of the wrist is important, one must ascertain 
that the wrist is not hyper extended  when per-
forming the test. (5:409)

129.  (A) A central venous line is not ind icated  
because the patient is in an abnormal position. 
It is ind icated  in  patients w ith shock. 
Hyperalimentation, inotropic drugs, and irritat-
ing solutions should  be infused through a cen-
tral venous catheter. Patients w ith lack of 
peripheral large bore IV access, who are 
expected to require substantial fluid  resuscita-
tion, such as burn patients, should  undergo 
placement of a central venous catheter. (5:412)

130.  (E) Pneumothorax is a common problem with 
subclavian cannulation. Chylothorax is a com-
plication of left internal jugular cannulation. 
There should be no brachial plexus trauma with 
the antecubital approach. Allen’s test is not a 
foolproof method to determine the patency of 
the ulnar arch. The dorsalis pedis artery should  
be avoided  in the patient with d iabetes or 
peripheral vascular disease. (5:408-9)

131.  (A) The patient with aortic stenosis has a rap-
idly deteriorating course once angina, syncope, 
and  congestive heart failure occur. The size of 
the ventricular muscle mass increases, but the 
cavity size does not change. The increased  size 
also renders the muscle more prone to isch-
emia. Fast heart rates will cause a low card iac 
output, since ventricular filling will be com -
promised . In addition, coronary perfusion will 
suffer. Low heart rates can also be devastating, 
since the stroke volume is fixed . The most 
common problem is that of tachycard ia. (5:63)

132.  (D ) Inhaled  nitric oxid e (N O) d ilates blood 
vessels in ventilated  regions of the lungs and  
can thereby improve the matching of perfu-
sion to ventilation. While intravenous vasod i-
lators can  w orsen  ven tilation :p erfu sion 
m atching and  so w orsen system ic arterial 
oxygenation , inhaled  n itr ic oxid e often 
im p roves system ic oxygenation . Inhaled  
nitric oxide exhibits little or no systemic vaso-
d ilation  becau se the m olecu le is rap id ly 
destroyed  in the systemic circulation. Reaction 

w ith heme is one mechanism of NO destruc-
tion, and  hemoglobin oxidation occurs con-
comitantly. In  m ost clinical situations, N O 
benefits occur at doses that do not cause sig-
nificant methemoglobin levels. (1:558-9; 5:969)

133.  (D) The filling pressures are elevated  and  tend  
to equalize in pericardial constriction and  peri-
card ial tamponade. (5:458)

134.  (A) The synthesis of vitamin K-dependent clot-
ting factors is inhibited  by warfarin. Protamine 
antagonizes heparin. (1:860-1)

135.  (C) The anemia of chronic renal failure stems 
from diminished production of erythropoietin, 
a protein available for therapeutic purposes. 
(1:1068-70)

136.  (C) Adenosine may normally regu late coro-
nary blood  flow. It may interrupt reentrant 
supraventricu lar tachycard ia. It is not an 
adrenergic catechol. It is inactivated  by ade-
nosine deaminase. (1:834)

137.  (D) Increased peripheral resistance may reduce 
cyanosis in tetralogy of Fallot. (5:928)

138.  (A) Because of esterase activities of the blood, 
there is no circu lating acetylcholine. 
β -adrenoceptor antagonists slow the trans-
planted heart, but antimuscarinic agents do not 
speed the transplanted heart. (5:1093)

139.  (E) With the exception of normal exercise, all of 
the conditions listed  can cause ST elevation. In 
the case of transmural ischemia and  infarction, 
this may be follow ed  by the occurrence of 
Q-waves. Electrocardiographic changes associ-
ated  with normal exercise may include down-
ward displacement of the J point. (6:1831, 1836, 
1971)

140.  (B) Verapamil may increase the heart rate in 
case of supraventricu lar tachycard ia due to 
WPW syndrome. (1:833)

141.  (D) Card iac output is a function of many com-
ponents of the circulatory system. The typical 
output is 5 L/ min in a healthy resting adult. 
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Output is affected  by blood volume. Card iac 
output is the product of heart rate and  stroke 
volume. Communications of the bronchial 
artery capillaries with those of the pulmonary 
veins is a reason for left ventricu lar output 
exceed ing the right. Left-to-right shunting 
through an atrial septal defect could  increase 
right output over left. (5:418-22, 604)

142.  (B) Myocard ial contractility is affected  by both 
neural and  humoral factors. Parasympathetic 
tone and  myocard ial ischemia both decrease 
contractility, w hereas sym pathetic stim u la-
tion and inotrope administration increase con-
tractility. (1:178; 6:1804)

143.  (D ) The patient might have regu rgitation 
caused  by an ascend ing aortic aneurysm . 
(6:2061-3)

144.  (F) The cyanosis indicates a right-to-left shunt. 
This could be the result of increased pulmonary 
vascu lar resistance in  resp onse to a lesion 

initially causing right-to-left shunting. Examples 
include sep tal defects and  patent ductus. 
(6:1923-4)

145.  (B) In  th is card iom yop athy, ven tricu lar 
obstruction is worsened  by hypovolemia and  
by sympathetic tone and  can be relieved  by 
beta-adrenergic blockers, phenylephrine, and/
or volume administration. (6:1968-9)

146.  (A) Thrombi often form in the left atrium 
during fibrillation, and  these can embolize. 
(6:3274-5)

147.  (G) The tricuspid  valve may have been dam-
aged  by endocard itis. (6:1930, 1948)

148.  (E) The embolic source is likely venous thrombi 
of the legs. (6:2090, 2173)

149.  (C) The problem can follow respiratory infec-
tions and  may respond  to COX inhibitors. 
(6:1830, 1971-3)



CHAPTER 4

Res piration
Ques tions

DIRECTIONS (Questions 150-235): Each of the 
numbered  items or incomplete statements in this 
section is followed by answers or by completions of 
the statement. Select the ONE lettered  answer or 
completion that is BEST in each case.

150. At functional residual capacity (FRC)

(A)  no further inspiration is possible
(B)  chest wall elastic forces are greater than 

the lungs elastic recoil
(C)  the pressure d ifference between the 

alveoli and  the intrapleural space is zero
(D)  the total pulmonary vascular resistance 

is very high
(E)  the pressure d ifference between the 

alveoli and  atmosphere is zero

151. All statements in regard  to the sensation of 
dyspnea are correct EXCEPT dyspnea may be:

(A)  influenced  by chemoreceptors that are 
located  in the medulla

(B)  mediated  by J-receptors during pulmo-
nary edema

(C)  due to hyperinflation of the lung
(D)  mediated  by metaboreceptors located  in 

muscle
(E)  due to low card iac output in ind ividuals 

with obesity

152. During mechanical ventilation proximal airway 
pressure will increase with

(A)  decreases in tidal volume
(B)  increases in lower respiratory system 

compliance
(C)  increases in respiratory flow
(D)  decreases in PEEP
(E)  decreases in airway resistance

153. A 60-year-old  man with COPD and an 80-pack-
year smoking history is scheduled  to undergo 
pu lmonary function testing. Measurements 
that can be obtained  by spirometry include all 
of the following EXCEPT

(A)  tidal volume
(B)  residual volume
(C)  expiratory reserve volume
(D)  inspiratory reserve volume
(E)  vital capacity

154. A double-lumen tube is used  for anesthesia in 
patients with severe

(A)  asthma
(B)  hemoptysis
(C)  emphysema
(D)  heart failure
(E)  tracheal stenosis

155. Carbon d ioxide transport involves all of the 
following EXCEPT

(A)  water
(B)  bicarbonate ion
(C)  carbonic anhydrase
(D)  hemoglobin
(E)  carboxyhemoglobin

156. In the normal upright lung

(A)  the blood flow is greatest at the apex
(B)  the ventilation is greatest at the apex
(C)  the ventilation/ perfusion (V/ Q) ratio is 

higher at the apex
(D)  ventilation is uniform
(E)  the PO2 is lower at the apex compared  to 

the base

41
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157. A 57-year-old woman is undergoing thoracot-
omy for resection of her left lower lobe because 
of a small-cell tumor. She has a right-sided dou-
ble-lumen endotracheal tube in place. All of the 
following are effective ways to improve oxygen-
ation during one-lung ventilation EXCEPT

(A)  lung recruitment maneuver in the 
dependent lung

(B)  decrease blood flow in the dependent 
lung, i.e., p lacement of a ligature on the 
pulmonary artery

(C)  increase blood  flow and  perfusion to the 
dependent lung

(D)  increase Pao2 in the nondependent lung
(E)  PEEP to the dependent lung

158. If one measured  pleural pressure in a standing 
human, one would  find  that the pressure was

(A)  highest at the apex of the lung
(B)  highest at the base of the lung
(C)  equal at all levels
(D)  unrelated  to body position
(E)  completely unpredictable from one level 

to another

159. The LaPlace law is important in pu lmonary 
physiology because it describes

(A)  the properties of gas mixtures
(B)  the angles of the bronchi
(C)  the bucket handle movement of the ribs 

during ventilation
(D)  the pressure relationships within the 

alveoli
(E)  resistance in large airways

160. Surfactant is a substance that

(A)  is produced  in the liver of the newborn
(B)  is important in newborns but has little 

importance in the adult
(C)  is produced  by the basement membrane 

of the lung
(D)  lowers surface tension in the alveoli
(E)  is a long-chained  carbohydrate molecule

161. The functional resid ual capacity (FRC) is 
defined  as the combination of

(A)  tidal volume and residual volume
(B)  tidal volume and expiratory reserve 

volume
(C)  tidal volume and inspiratory reserve 

volume
(D)  residual volume and expiratory reserve 

volume
(E)  vital capacity less the closing volume

162. A 16-year-old  girl with asthma is to undergo 
routine pulmonary function testing. In order to 
measure the FEV1 during spirometry, she

(A)  is asked  to inhale forcefully
(B)  exhales forcefully from total lung capac-

ity to residual volume
(C)  is asked  to breathe slowly at normal 

tidal volumes
(D)  forcefully exhales from total lung capac-

ity to respiratory reserve volume
(E)  is asked  to forcefully exhale for 1 second

163. A previously healthy 46-year-old  man devel-
oped  gallstone pancreatitis and  then required  
mechanical ventilation to maintain adequate 
oxygenation. The ICU team decided  that his 
case of adu lt respiratory d istress synd rome 
w as best managed  w ith high-frequency jet 
ventilation. This ventilatory mode

(A)  can provide ventilatory support only 
when a tightly sealed  airway is 
established

(B)  cannot be applied  for surgical 
procedures

(C)  can be used  to provide emergency 
ventilation after cricothyroid  
cannulation

(D)  creates a jet d rag effect, preventing sec-
ondary gases from entering the airway

(E)  is only necessary during rigid  
bronchoscopy

164. Factors contributing to increased  airway pres-
sure under anesthesia include all of the follow -
ing EXCEPT
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(A)  muscle paralysis of the chest wall
(B)  a decrease in functional residual capacity
(C)  the supine position
(D)  the presence of an endotracheal tube
(E)  controlled  ventilation

165. Distribution of ventilation in the lung is such 
that

(A)  the apical portions are better ventilated
(B)  the dependent areas are better ventilated
(C)  the central or hilar areas are better 

ventilated
(D)  all areas are ventilated  equally
(E)  ventilation is not affected  by position

166. The level of arterial Pco2 (Paco2)

(A)  depends on minute ventilation only
(B)  is independent of CO2 production
(C)  is not dependent on dead  space 

ventilation
(D)  varies d irectly with CO2 production and  

inversely with alveolar ventilation
(E)  decreases when dead  space ventilation 

increases

167. A healthy 26-year-old  man underwent open 
herniorrhaphy. He had  a Class I preoperative 
airway examination and  the medical student 
intubated  him on her first attempt. When 
decid ing when to extubate him, you should  
consider that

(A)  laryngospasm is of no concern, as it 
only occurs during induction

(B)  laryngospasm should  be managed  with 
positive pressure ventilation, oxygen, 
suctioning of oropharyngeal secretions, 
and , in severe cases, a small dose of IV 
succinylcholine

(C)  airway obstruction only occurs in the 
first 4 to 6 min after extubation

(D)  extubation during deep anesthesia 
carries the risk of a profound card iovas-
cular response

(E)  in patients who were d ifficult to intu-
bate, extubation should  be carried  out 
during deep anesthesia

168. A 70-year-old  man underwent left carotid  end-
arterectomy two years ago and is about to have 
the same operation on his right side. Following 
this right-sided  surgery, he will

(A)  have no respiratory changes
(B)  show no change in arterial carbon 

d ioxide
(C)  respond to hypoxia with 

hyperventilation
(D)  be more susceptible to hypoxemia
(E)  always develop hypertension

169. Mechanisms that may cause hypoxemia under 
anesthesia include all of the following EXCEPT

(A)  hypoventilation
(B)  hyperventilation
(C)  increase in functional residual capacity 

(FRC)
(D)  supine position
(E)  increased  airway pressure

170. A healthy 44-year-old  woman underwent abla-
tion of a dysrhythmia focus. The procedure 
requ ired  tw o hours, and  the card iologist 
requested  apnea d u ring period s of image 
acquisition. You hyperventilated  her through-
out the procedure. Now that she is extubated  
and  breathing room air, she will

(A)  return to normal parameters within 
30 min

(B)  remain hypocarbic for 2 h
(C)  possibly become hypoxemic if not 

treated  with oxygen
(D)  become hypoxemic and  hypercarbic
(E)  be well oxygenated  if the air exchange is 

unimpaired  by drugs

171. All of the following lead  to decreases in lung 
compliance, EXCEPT

(A)  pneumothorax
(B)  emphysema
(C)  pulmonary fibrosis
(D)  pneumonectomy
(E)  hyperinflation
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172. The ventilatory response to Paco2

(A)  is independent of hypoxemia
(B)  has a major peripheral component
(C)  is depressed  by metabolic acidemia
(D)  is unaffected  by opioid  antagonists
(E)  is augmented  by norepinephrine

173. When considering oxygen transport in the 
lung, the LEAST important cause of hypox-
emia is

(A)  ventilation/ perfusion mismatch
(B)  d iffusion barrier
(C)  venous admixture
(D)  bronchial artery blood flow
(E)  altitude

174. In pulmonary function testing, carbon monox-
ide d iffusing capacity (DLCO)

(A)  is greater than functional residual capac-
ity (FRC)

(B)  is unchanged in anemia
(C)  is increased  in pulmonary fibrosis
(D)  estimates the gas transfer ability of the 

lung
(E)  estimates the dead  space ratio (VD/ VT)

of the lung

175. All of the following lead  to decreases in chest 
wall compliance, EXCEPT

(A)  chest wall edema
(B)  thoracic deformities
(C)  flail chest
(D)  ventilator dyssynchrony
(E)  abdominal d istension

176. The oxyhemoglobin dissociation curve describes 
the relationship of oxygen saturation to oxygen 
tension. All of the following are true EXCEPT 
that

(A)  at an oxygen tension of 60 mm Hg, the 
saturation is approximately 90%

(B)  the curve is shifted  to the left with a 
more acid ic pH

(C)  the curve is shifted  to the right with an 
increase in carbon d ioxide tension

(D)  the curve is shifted  to the left with a 
decrease in temperature

(E)  the curve is shifted  to the right with 
increased  levels of 2,3-DPG

177. The definitive test of adequacy of ventilation is

(A)  listening to the esophageal stethoscope
(B)  watching the rise and  fall of the chest
(C)  analyzing arterial blood gases
(D)  measuring tidal volume with a 

spirometer
(E)  using an apnea monitor

178. Pulmonary vascular resistance

(A)  is entirely dependent on the card iac 
output

(B)  is entirely dependent on the pressure in 
the pulmonary artery

(C)  is equal to pressure d ivided  by rad ius of 
the artery

(D)  depends on the state of vasomotor tone, 
flow, and  pressure

(E)  is not affected  by card iac output

179. The work of breathing

(A)  can be excessively high during SIMV 
(spontaneous intermittent mandatory 
ventilation)

(B)  is solely due to airway resistance
(C)  is solely due to elastic forces
(D)  is at its lowest at a respiratory rate of 

25 breaths per minute
(E)  is increased  in the patient with restric-

tive d isease if the respiratory rate is 
increased

180. Anatomic dead  space

(A)  is independent of lung size
(B)  is about 1 mL/ kg body weight
(C)  is not affected  by equipment
(D)  combined  with alveolar dead  space con-

stitu tes physiologic dead  space
(E)  is of less importance in the newborn 

than the adult
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181. The term P50 in reference to the oxyhemoglobin 
d issociation curve

(A)  refers to the position on the curve at 
which the PO2 is 50 mm Hg

(B)  normally has a value of 27 mm Hg
(C)  describes an enzyme system in 

hemoglobin
(D)  is constant
(E)  is affected  only by type of hemoglobin

182. All of the following are frequently found  in 
carbon monoxide poisoning EXCEPT

(A)  seizures and  coma
(B)  lactic acidosis
(C)  desaturation by pulse oximetry
(D)  carboxyhemoglobin
(E)  normal Pao2

183. The carotid  bodies primarily

(A)  respond to elevated  Pco2

(B)  respond to Svo2

(C)  respond to Pao2

(D)  signal the medulla via the vagus nerve
(E)  respond to hydrogen ions

184. H yp ercap n ia u nd er anesthesia m ay be a 
resu lt of

(A)  hyperventilation
(B)  decreased  dead  space ventilation
(C)  decreased  carbon d ioxide production
(D)  use of an Ayre T-piece at less than peak 

inspiratory flow rate
(E)  increased  pulmonary artery flow

185. All of the following statements about the d ia-
phragm are true EXCEPT

(A)  it is innervated  via the vagus nerve
(B)  it has no fixed  insertion
(C)  it is mainly active in inspiration
(D)  it has an equal mix of slow twitch and  

fast twitch fibers
(E)  it is deficient in stretch receptors

DIRECTIONS: Use the following figure to answer 
Questions 186-189:

Zone  1 PA > P pa > Ppv

Ppa > PA > Ppv

Ppa > Ppv > P A

Ppa > P ISF > Ppv > PA

A - a lveoli
pa  - pulmonary arte ry

pv - pulmonary ve in
ISF - inte rs titium

Zone  2

Zone  3

Zone  4

186. In Zone 1 of the lung

(A)  no air is moving
(B)  circulation is highest
(C)  venous pressure is high
(D)  dead  space is high
(E)  shunting is high

187. In Zone 2 of the lung

(A)  there is good blood flow regard less of 
ventilation

(B)  venous pressure is high
(C)  dead  space is high
(D)  the pulmonary vessels are collapsed
(E)  the blood flow is determined  primarily 

by pulmonary artery pressure and  alve-
olar pressure

188. In Zone 3 of the lung

(A)  blood flow is governed  by the arteriove-
nous pressure d ifference

(B)  dead  space is high
(C)  there is high alveolar pressure
(D)  venous pressure is very low
(E)  little blood flow occurs
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189. All of the following are true EXCEPT

(A)  Zone 2 is the ”waterfall” region of the lung
(B)  Zone 1 will increase in hypovolemic 

shock
(C)  Zone 4 will increase with lymphatic 

blockage
(D)  these zones would  matter less if we 

could  breathe in water
(E)  these zones are independent of gravita-

tional effects

190. Hypoventilation in the recovery room

(A)  should  always be treated  with opioid  
reversal

(B)  is common after inhalation anesthesia
(C)  is uncommon after upper abdominal 

procedures
(D)  is best detected  by pulse oximetry
(E)  is always accompanied  by increases in 

blood pressure

191. All of the following statements about preoxy-
genation are true EXCEPT

(A)  80% of the nitrogen in the functional 
residual capacity (FRC) is being 
replaced  with oxygen during 
preoxygenation

(B)  during preoxygenation, nitrogen is 
eliminated  rapid ly, dependent on the 
volume of the breaths

(C)  preoxygenation preced ing induction of 
general anesthesia can sustain vital 
organs for up to 15 min even without 
active ventilation

(D)  preoxygenation should  always be 
considered  before induction of general 
anesthesia

(E)  preoxygenation should  be carried  out 
over 2-3 min, or as a series of four vital 
capacity breaths

192. Which one of the following statements is true 
about Type II alveolar cells?

(A)  They produce surfactant.
(B)  They are the major component of gas 

exchange.

(C)  They line the capillary endothelium.
(D)  They can be replaced  by Type I cells.
(E)  They are migratory and  phagocytic.

193. A 56-year-old  female patient is scheduled  for 
emergent exploratory laparotomy for acu te 
bowel obstruction. After rapid  sequence induc-
tion of general anesthesia, the patient is noted  
to have regurgitation of gastric contents during 
d irect laryngoscopy. Regard ing perioperative 
aspiration of gastric content, all of the follow-
ing are true, EXCEPT

(A)  the severity of symptoms depends on 
the type and  volume of material 
aspirated

(B)  initial management comprises suction-
ing, administration of bronchodilators, 
supplemental O2, and  ICU transfer

(C)  bronchoscopy may be of benefit to 
remove particulate material

(D)  pulmonary lavage with large volumes 
of saline should  be carried  out 
repeated ly

(E)  administration of empirical antibiotic is 
not recommended

194. Regard ing hypoxemia during the postopera-
tive period , which one of the following is true?

(A)  Hypoxemia necessitates reintubation in 
most cases.

(B)  Hypoxemia is rarely caused  by 
decreased  ventilatory drive.

(C)  Opioid  antagonists should  be avoided , 
as they impede pain therapy.

(D)  The incidence of postoperative hypox-
emia is relatively independent of 
surgical site.

(E)  Analgesics can enhance postoperative 
respiratory mechanics in some cases.

195. Comparing infant (<1 yr) and  adult (>8 yr) 
airways,

(A)  the angle between trachea and  right 
bronchus is smaller in infants

(B)  the narrowest position of the airway is 
glottis in infants and  cricoid  cartilage in 
adults
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(C)  only adults have a prominent protrusion 
of the corniculate and  cuneiform tuber-
cles into the laryngeal ad itus

(D)  the angle between trachea and  left bron-
chus remains unchanged

(E)  the epiglottic cross-section shape 
remains unchanged

196. If a patient is allowed  to breathe 100% oxygen 
under anesthesia

(A)  areas of atelectasis will d isappear
(B)  bowel d istention will decrease
(C)  the PO2 will rise due to increased  dead  

space
(D)  lung units with low ventilation/ perfu-

sion (V/ Q) ratios may become shunt 
units

(E)  the oxygen tension will rise due to an 
increase in functional residual capacity 
(FRC)

197. All of the following statements are true about 
the esophageal-tracheal airway, Combitube, 
EXCEPT

(A)  the combitube enters the trachea in 
approximately one third  of cases

(B)  the device has two lumens, one opening 
at the d istal end , one at fenestrations 
between the balloons

(C)  ventilation takes place using the more 
proximal lumen in the majority of cases

(D)  the combitube does not need  to be 
replaced even if it enters the trachea

(E)  it is intended to establish emergency air-
way access if the operator is not able to 
perform face mask ventilation or con-
ventional intubation

198. Independent risk factors for d ifficu lt mask 
ventilation  inclu d e all of the follow ing, 
EXCEPT

(A)  sleep apnea
(B)  limited  mandibular protrusion
(C)  body mass index <21 kg/ m 2

(D)  facial hair
(E)  age >55 years

199. A 46-year-old  woman with a history of sclero-
derma for more than twenty years is being 
evaluated in the preoperative clinic. She would  
be expected  to have all of these pu lmonary 
manifestations of scleroderma EXCEPT

(A)  increased  compliance
(B)  d iffuse fibrosis
(C)  decreased  vital capacity
(D)  hypoxemia
(E)  increased  VD/ VT ratio

200. All of the following statements are true about 
alveoli EXCEPT

(A)  they are 100–300 microns in d iameter
(B)  they are mostly lined  with Type I alveo-

lar cells
(C)  they are partially lined  with Type II 

alveolar cells
(D)  they are partially lined  with Type III 

alveolar cells
(E)  they are surrounded by capillaries

201. Auto-PEEP (positive end-expiratory pressure)

(A)  decreases end-expiratory lung volume
(B)  can be measured  by applying an expira-

tory pause in mechanically ventilated  
patients

(C)  promotes venous return
(D)  decreases with increasing respiratory 

rate
(E)  decreases with increasing minute 

ventilation

202. Chest wall compliance

(A)  normally is 200 mL/ cm H 2O
(B)  decreases in the setting of a flail chest
(C)  is increased  in patients with 

kyphoscoliosis
(D)  is increased  in patients with abdominal 

d istension
(E)  is increased  in morbid ly obese patients
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203. The work of breathing

(A)  involves both resistive and  elastic work
(B)  is expended mostly in expiration
(C)  to overcome elastic forces is decreased  

when breathing is deep and  slow
(D)  to overcome resistive forces is decreased  

when breathing is fast and  shallow
(E)  is expended mostly in inspiration

DIRECTIONS: Use the following figure to answer 
Questions 204-205:

204. All of the follow ing are TRUE of the flow -
volume loop shown in the figure EXCEPT

(A)  the X axis is volume
(B)  the Y axis is pressure
(C)  vital capacity is the d istance from point 

1 to point 3
(D)  a breath proceeds through points 1, 2, 3, 

and  4, in that order
(E)  there is no air leak

205. In this flow-volume loop

(A)  there is evidence of tracheal stenosis
(B)  point 2 is at maximum expiratory 

volume
(C)  point 3 is at maximum inspiratory 

volume
(D)  one can determine inspiratory reserve 

volume
(E)  one can determine functional residual 

capacity (FRC)

206. Functional residual capacity (FRC) can be mea-
sured  by

(A)  use of an esophageal balloon
(B)  computed  tomography
(C)  spirometry
(D)  inert gas d ilu tion technique
(E)  bioimpedance

207. End-tidal CO2 is increased  by

(A)  bicarbonate administration
(B)  a circuit leak around  the endotracheal 

tube cuff
(C)  hypotension
(D)  card iac arrest
(E)  intracard iac air embolism

208. Hypoxic pulmonary vasoconstriction

(A)  leads to an increase in the shunt fraction
(B)  is increased  with increases in pulmo-

nary artery pressure
(C)  is increased  with increases in central 

blood volume
(D)  is decreased  with the use of sod ium 

nitroprusside
(E)  is increased  with the use of inhaled  

nitric oxide

209. Conditions aggravated by hypercapnia include 
all of the following EXCEPT

(A)  elevated  intracranial pressure
(B)  right-to-left card iac shunts
(C)  pulmonary hypertension
(D)  card iac dysrhythmia
(E)  ARDS

210. The patient who is hyperventilated  to a Pco2 of 
20 mm Hg under anesthesia will have

(A)  increased  cerebral blood  flow
(B)  increased  ionized  calcium
(C)  increased  oxygen delivery to the tissues
(D)  increased  ventilation/ perfusion (V/ Q) 

mismatch due to inhibition of hypoxic 
pulmonary vasoconstriction

(E)  increased  respiratory drive
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211. Specific effects of anesthesia on control of 
breathing include a decreased  response to all 
of the following, EXCEPT

(A)  carbon d ioxide
(B)  hypoxemia
(C)  metabolic acidemia
(D)  added  airway resistance
(E)  external stimuli

212. Factors lead ing to pulmonary edema include 
all of the following, EXCEPT

(A)  increased  capillary pressure
(B)  decreased  oncotic pressure
(C)  lymphatic insufficiency
(D)  increased  capillary permeability
(E)  hyperinflation during ventilation

213. The respiratory quotient

(A)  depends on the CO2 output and  
O2 uptake

(B)  is independent of the metabolic substrate
(C)  depends on the O2 uptake and  card iac 

output
(D)  depends on the CO2 output and  meta-

bolic equivalent
(E)  is always 0.8

214. Positive end -exp iratory p ressu re (PEEP) 
usually

(A)  decreases functional residual capacity 
(FRC)

(B)  decreases compliance
(C)  decreases work of breathing
(D)  increases work of breathing
(E)  decreases lung volume

215. In comparing closing capacity (CC) and  func-
tional residual capacity (FRC),

(A)  obesity increases both CC and FRC
(B)  increasing FRC relative to CC results in 

areas of low ventilation/ perfusion (V/ Q)
(C)  anything that decreases CC below FRC 

results in areas of atelectasis

(D)  increasing CC above the tidal volume 
plus FRC results in areas of atelectasis

(E)  compared  to adults, young child ren are 
less likely to suffer atelectasis from tidal 
breathing occurring from end-expiratory 
lung volumes close to closing capacity

216. During anesthesia, the d iaphragm assumes a 
more cephalad  position because of all of the 
following, EXCEPT

(A)  paralysis from muscle relaxants
(B)  increased  end-expiratory tone of the 

abdominal wall
(C)  surgical retraction
(D)  second  gas effect
(E)  pneumoperitoneum

217. Forced  exhaled  vital capacity (FVC)

(A)  may vary with patient cooperation
(B)  is measured  in the first second
(C)  is a measure of inspiratory reserve volume
(D)  is affected  by restrictive d isease in the 

first second
(E)  can only be m easu red  u sing bod y-

p lethysmography or the inert gas 
d ilu tion technique

218. The medullary chemoreceptors are maximally 
stimulated  by

(A)  low oxygen tension
(B)  reflex activity from the d iaphragm
(C)  carbon d ioxide
(D)  ondansetron
(E)  hydrogen ion

219. The composition of alveolar gases d iffers from 
that of inhaled  gas. Concerning this, all of the 
following are true, EXCEPT

(A)  oxygen is being absorbed from the alveoli
(B)  carbon d ioxide is being added to the 

alveoli
(C)  water vapor is being added
(D)  nitrogen is taken up by the alveolar 

capillaries
(E)  inhalational anesthetic agents are absorbed  

from or eliminated into the alveoli
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220. The endotracheal tube position in a female adult 
patient is evaluated by the following: examin-
ing the patient, the numerical markings on the 
tube, and the chest x-ray. Which one of the fol-
lowing is consistent with the proper position?

(A)  The left side is ventilated  better than the 
right side.

(B)  The tip  of the tube is 30 cm from the 
upper front teeth.

(C)  The tip  of the tube overlies the 6th tho-
racic vertebra.

(D)  Both sides ventilate equally.
(E)  The ideal tube position is approximately 

2 mm above the carina.

221. During m echanical ventilation insp iratory 
airway resistance

(A)  cannot be estimated
(B)  is decreased  with the use of longer tubes
(C)  is independent of endotracheal tube 

d iameter
(D)  is typically lower compared  with expira-

tory airway resistance
(E)  is independent of endotracheal tube 

length

222. A right shift in the oxyhemoglobin d issociation 
curve is caused  by

(A)  decreased  temperature
(B)  hypercarbia
(C)  alkalosis
(D)  the presence of fetal hemoglobin
(E)  hypocarbia

223. Factors that increase the incidence of postop-
erative pulmonary complications include all of 
the following, EXCEPT

(A)  upper vs. lower abdominal surgery
(B)  chronic obstructive pulmonary d isease
(C)  heart failure
(D)  asthma
(E)  longer surgical duration

224. All of the following statements are true of clos-
ing capacity EXCEPT it is

(A)  the lung volume at which the onset of 
airway closure is detected

(B)  increased  in smoking
(C)  greater than residual volume
(D)  greater than closing volume
(E)  a smaller fraction of the total lung 

capacity in infants, compared  to adults

225. Transpulmonary pressure

(A)  measures intralung pressure
(B)  is equal to intrapleural pressure at FRC
(C)  is a grad ient between the airway open-

ing and  the alveolar pressure
(D)  increases with increasing lung volume
(E)  is independent of tidal volume

226. All of the follow ing statements are true in 
interpreting pulmonary function tests EXCEPT

(A)  vital capacity measurement is not a 
timed  measurement

(B)  spirometry fails to detect early d isease 
in small airways

(C)  maximal breathing capacity is depen-
dent on cooperation

(D)  the FEV1 will detect restrictive d isease
(E)  absolute lung volumes cannot be deter-

mined  using standard  spirometry

227. A patient who arrives in the recovery room 
after a general anesthetic should

(A)  be sedated  to prevent overt postopera-
tive stress

(B)  always be encouraged  to lie on the back 
for easier access to the airway

(C)  be closely observed  for respiratory 
depression

(D)  be given opioids at fixed  intervals
(E)  always be maintained  on arterial blood 

pressure monitoring, using a rad ial 
artery catheter

228. A 14-gauge catheter is inserted  through the cri-
cothyroid  membrane and  attached  to a wall 
oxygen source in such a way that oxygen can 
be delivered intermittently. With this technique
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(A)  pneumothorax is inevitable
(B)  adequate oxygenation is possible
(C)  gastric d ilatation is a hazard
(D)  larynx injury is impossible
(E)  prevention of hypercapnia is possible

229. Patients with pneumoconiosis, e.g., asbestosis 
or silicosis, often requ ire su rgery on other 
organs. In the preoperative assessment, one 
must recognize that

(A)  the lung volumes will be increased
(B)  the x-ray abnormality fu lly reflect the 

functional changes
(C)  early airway closure is the hallmark
(D)  fibrosis usually is present
(E)  FEV1/ FVC is regularly decreased  in 

these patients

230. Vital capacity includes all of the following, 
EXCEPT

(A)  tidal volume
(B)  inspiratory reserve volume
(C)  expiratory reserve volume
(D)  functional residual capacity (FRC)
(E)  closing volume

231. H ypoxemia m ay occu r u nd er anesthesia 
because of all of the following, EXCEPT

(A)  blood loss
(B)  increased  release of oxygen from hemo-

globin to the tissues
(C)  depressed  myocard ial function
(D)  shunting
(E)  airway obstruction

232. Diffusion hypoxia

(A)  is due to a large volume of nitrous oxide 
in the lungs

(B)  is due to a large volume of carbon mon-
oxide in the bloodstream

(C)  is due to the second  gas effect
(D)  can occur up to 48 h after surgery
(E)  does not respond to oxygen 

supplementation

233. Pneumothorax may be due to all of the follow-
ing EXCEPT

(A)  alveolar rupture
(B)  chest wall trauma
(C)  connection between the d istal airway 

and  the pleural space
(D)  extrathoracic tracheal puncture
(E)  a break in the parietal pleura

234. When assessing the acutely hypoxemic patient, 
causes that may be important are all of the fol-
lowing EXCEPT

(A)  hypoventilation
(B)  hypoperfusion
(C)  ventilation/ perfusion (V/ Q) mismatch
(D)  intracard iac shunts
(E)  abnormal d iffusion

235. Total pulmonary compliance

(A)  is measured  by d ivid ing pressure by 
volume

(B)  is usually decreased  in elderly patients
(C)  involves the lung only
(D)  is independent of previous breaths
(E)  is increased  by surfactant
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150.  (E) At FRC, there is no p ressure d ifference 
between the alveoli and  atmosphere. Further 
ventilation is possible, since FRC is the volume 
that exists at the end  of a normal tidal volume. 
Elastic forces of the lung and  chest wall are 
balanced . The total pulmonary vascular resis-
tance is at its lowest at FRC. The grad ient 
between the alveoli and  the intrapleural space 
will be non-zero, balancing the elastic tension 
of the lung. (6:2087-8)

151.  (E) Dyspnea associated  with obesity is likely 
due to multiple problems, includ ing high car-
d iac output and  decreased  compliance of the 
chest wall. Chemoreceptors are activated  by 
hypoxemia, acute hypercarbia and  acidosis 
and  are located  in the medulla and  carotid  
bod ies. J-recep tors are activated  during the 
accumulation of pulmonary edema. Changes 
in the biochemical milieu  of skeletal muscle 
can activate metaboreceptors that can contrib-
ute to the sensation on dyspnea. (6:277-9)

152.  (C) In ventilated  patients p roximal airw ay 
p ressu re increases w ith increases in  flow, 
higher tidal volumes, lower respiratory system 
compliance, higher airway resistance, higher 
inspiratory flow, higher PEEP, and  presence of 
auto-PEEP. (5:470)

153.  (B) Spirometry can only detect relative volume 
changes. In order to determine absolute vol-
umes including residual volume and  to calcu-
late total lung capacity, other methods like 
inert gas d ilu tion or body plethysmography 
have to be applied . (6:2091)

154.  (B) Endobronchial intubation with a double-
lumen tube allows selective lung ventilation 
and  isolation of a bleed ing lung segment. 
When one lung contains either blood  or infec-
tious secretions, isolation of the lungs should  
be applied  in order to prevent spillage of blood 
or secretions into the unaffected  lung. (5:417,
963)

155.  (E) Carboxyhemoglobin is involved  in the 
transport of carbon monoxide. Carbon d ioxide 
exists as d issolved , bicarbonate and  carbami-
nohemoglobin. (5:461, 525, 1336)

156.  (C) The V/ Q ratio is higher at the apex and  
thus PO2 is higher in this location as well. Blood 
flow is greatest at the base. (5:959)

157.  (B) Measures to improve oxygenation during 
one-lung ventilation include, among others, 
improving V/ Q d istribu tion and / or blood  
flow in the dependent lung (lung recruitment 
maneuver, PEEP, prostacyclin, nitric oxide), 
increasing Pao2 (through CPAP) or decreasing 
blood flow in the non-dependent lung (liga-
tu re). A ligature p laced  on the pu lmonary 
artery of the dependent lung would  result in 
massive shunting and  profound  hypoxemia. 
(5:970)

158.  (B) As an air-fluid  mixture, the lung tends to 
sag with gravity, causing a gravity-induced  
p leu ral p ressure grad ient. Pleural p ressu re 
increases by approximately 0.25 cm H 2O with 
every centimeter from apex to base. Thus, it is 
lowest at the apex and  highest at the base. 
Pleural pressure is related  to body position 
because in d ifferent positions, d ifferent areas 
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of the lung will be dependent. Pleural pressure 
variation is caused  by the hydrostatic pressure 
exerted  by gravity. (5:959)

159.  (D) The LaPlace law, P =  2T/ R, states that the 
pressure within an elastic sphere is d irectly 
p roportional to the tension of the wall and  
inversely proportional to the rad ius of the cur-
vature. In this case, the sphere is the alveolus. 
Alveoli are lined  with a film of surfactant that 
lends stability to the alveoli by decreasing the 
surface tension as the rad ius of the alveolus 
becomes smaller. Without this ability to vary 
surface tension, small alveoli, which have a 
smaller rad ius of curvature and  thus a higher 
pressure, would  empty into large alveoli and  
alveolar stability would  be lost. (6:2154)

160.  (D) Surfactant is a substance containing d ipal-
mitoyl lecithin produced by the type II alveolar 
ep ithelial cells of the lung. The substance is 
important in adults as well as newborns, pro-
vid ing alveolar stability. It is 90% lip id  and  
10% protein. (5:250; 6:2206)

161.  (D) The FRC is composed  of expiratory reserve 
volume and  residual volume. Tidal volume 
plus inspiratory reserve volume comprise the 
inspiratory capacity. The other options are not 
designated  capacities. (5:256)

162.  (B) In order to determine the FEV1, the patient 
is asked  to forcefu lly exhale from total lung 
capacity to residual volume. While the FEV1
measures the volume exhaled  after the first 
second of the maneuver, the patient is asked  to 
complete the exhalation process. This allows 
among others for the calculation of the FEV1/
FCV ratio. (5:131)

163.  (C) During high frequency jet ventilation 
(HFJV), gas is injected  into the trachea under 
high pressu re, creating a ”jet d rag” effect 
entraining (not preventing the entry of) sec-
ondary gases, thus provid ing ventilation to a 
non-sealed  airway. It has been used  success-
fully in surgeries where establishing a closed  
airway is not possible, e.g. upper airway sur-
gery. Simple HFJV systems have been used  to 
provide emergency ventilation by placing an 

injector through the cricothyroid  membrane. 
An escape pathway for the injected  gases must 
be present, however. (5:1419)

164.  (A) Muscle paralysis will decrease chest and  
abdominal wall tone, improving compliance. 
The decrease in FRC and the supine position 
will move the patient to a less compliant region 
of the lung volume relationship. The endotra-
cheal tube increases airway resistance, worsen-
ing dynamic compliance. Controlled ventilation 
changes the pressure grad ient entirely; the 
airway pressure must be supra-atmospheric 
instead of sub-atmospheric. (5:362, 471, 1406)

165.  (B) The dependent areas are better ventilated , 
since the alveoli in the dependent areas are 
smaller and  more compliant. (5:959)

166.  (D) Arterial CO2 rises w ith CO2 production 
and  decreases with increases in alveolar venti-
lation. As dead  space ventilation does not con-
tribute to gas exchange, the larger the ratio of 
d ead  space ventilation to total ventilation 
becomes the higher Paco2 rises. (5:460)

167.  (B) Laryngospasm is common after extubation, 
especially in child ren. It should  be treated  as 
outlined  in option B. Delayed  airway obstruc-
tion can occur, for instance as a result of laryn-
geal edema. Extubation during deep anesthesia 
minimizes the card iovascular response, bu t 
increases the risk of airway complications. It 
should  not be attempted  in patients who were 
d ifficu lt to intubate, as reintubation might 
become necessary. (5:575)

168.  (D) After bilateral carotid  endarterectomy, a 
patient will be more susceptible to hypoxemia 
because of bilateral denervation of the carotid  
bodies. The patient will not respond to hypox-
emia with hyperventilation. In add ition, the 
resting Pco2 is elevated , and  the response to 
small doses of opioids may be accentuated . 
Hypertension is not a constant find ing in these 
patients. (5:1021)

169.  (C) Anesthesia usually causes a decrease in 
FRC that leads to hypoxemia. All of the other 
options can lead to hypoxemia: hypoventilation 
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by decreased  FRC and increased  shunt, hyper-
ventilation by shift of the oxyhemoglobin d is-
sociation cu rve to the left and  d ecreased  
card iac output, supine position by decreased  
ventilation and  decreased  FRC, and  increased  
airway pressure by change in the ventilation-
perfusion relationships. (5:363, 459, 550)

170.  (C) Patients who are hyperventilated  for long 
period s of time have their carbon d ioxid e 
stores depleted . Postoperatively, these patients 
hypoventilate in an effort to restore their 
carbon d ioxide and , in doing so, may become 
hypoxemic if not given supplemental oxygen. 
(5:460)

171.  (B) Normal lung compliance is 100 mL/ cm 
H 2O and  is decreased  by pulmonary edema 
(card iogenic or noncard iogenic), pneumotho-
rax, lung consolidation, atelectasis, pulmonary 
fibrosis, pneumonectomy or lung resection, 
bronchial intubation, and hyperinflation. Lung 
compliance is increased  with emphysema and  
flail chest. (5:471)

172.  (E) The CO2 response curve is shifted  to the left 
by norep inephrine, acidosis, and  hypoxia. 
N aloxone w ill reverse op ioid  d epression. 
Peripheral chemoreceptors contribute 15% of 
the control. (5:324, 529, 612, 710)

173.  (B) Diffusion is rarely the limiting component 
of oxygen transport. High altitude lowers the 
Pao2. The other factors contribu te to shunt. 
(6:287)

174.  (D) DLCO is a measure of the d iffusing capac-
ity of the lung. Increased  hemoglobin and  pul-
monary blood volume will affect it. It is not a 
lung capacity in the same sense as FRC. (5:953;
6:2093)

175.  (C) All conditions lead  to decreased  chest wall 
compliance through either increased  muscular 
tone or mechanical impairment of elasticity, 
except flail chest that leads to increased  chest 
wall compliance through instability (5:471)

176.  (B) The curve is shifted  to the right with acido-
sis. The other options are correct. (5:459; 6:853)

177.  (C) All of the factors cited  are presumptive evi-
dence of ventilation. The only sure measure of 
demonstrating effective gas exchange is the 
analysis of blood  gases, specifically carbon 
d ioxide. (5:459)

178.  (D) Pulmonary vascular resistance is the result 
of card iac output, the state of vasomotor tone, 
and  pressure. A change in card iac output will 
normally be followed by changes in the rad ius 
of the vessels to allow maintenance of normal 
pressure. The resistance is equal to pressure 
d ivided  by flow. (6:1856)

179.  (A) As the m and atory ventilatory rate is 
reduced  during SIMV, the work of breathing 
for both mandatory and  spontaneous breaths 
increases. The optimum rate is about 15 breaths 
per minute in normal adu lts. In the patient 
with restrictive d isease, short shallow breaths 
decrease the effort. In general, humans ad just 
their breathing pattern to minimize the work 
of breath ing w hile m ain tain ing ad equ ate 
ventilation. (5:1410)

180.  (D ) Anatom ic d ead  space increases w ith 
increased lung volume. The normal dead space 
is approximately 2 mL/ kg. Equipment dead  
space may greatly increase the amount of dead 
space that can be d isproportionately large in 
infants. (5:460)

181.  (B) P50 is the PO2 level on the oxyhemoglobin 
d issociation curve at which hemoglobin is 50% 
saturated . The normal value is 27 mm Hg and 
may change due to the influence of factors that 
cause a shift in the oxyhemoglobin d issociation 
curve. (5:200, 274)

182.  (C) Carbon m onoxid e bind s hem oglobin 
avid ly, forming carboxyhemoglobin. Because 
oxyhem oglobin  and  carboxyhem oglobin 
absorb light at the same wavelength, it is not 
possible to detect carbon monoxide poisoning 
with pulse oximetry. (5:1336)

183.  (C) The chemoreceptors of the carotid  body 
sense Pao2 (less than 65 mm Hg) and  send  
afferents via the glossopharyngeal nerve. 
(5:251; 6:277)
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184.  (D) Hypercapnia may result from rebreathing 
of CO2 while using an Ayre T-piece at low fresh 
gas flow. The other options all cause decreased  
carbon d ioxide tension. (5:638)

185.  (A) The d iaphragm  is innervated  by the 
phrenic nerve. (5:952)

186.  (D) In Zone 1, the alveolar pressure is higher 
than the arterial or venous pressure; therefore, 
these areas act as dead  space units. (5:460, 960)

187.  (E) In Zone 2, the blood  flow is dependent on 
arterial p ressure and  the alveolar pressure. 
These change with the status of ventilation. 
Venous pressure is still not a determinant of 
blood flow in this zone. (5:414, 460, 960)

188.  (A) In Zone 3, blood  flow is determined  by the 
arteriovenous pressure d ifference. Dead  space 
is low, since the units are being perfused , alve-
olar pressure is not high, and  the venous pres-
sure is low er than arterial bu t higher than 
alveolar pressure. (5:414, 460, 960)

189.  (D) Gravity is the cause of the hydrostatic pres-
sure grad ient in the arterial and  venous circu-
lations. If the density of the alveolar gas were 
closer to blood , the pressure grad ient in the 
alveoli would be closer to the vascular gradient. 
(5:414, 460, 960)

190.  (D ) Resid ual anesthetic, both inhaled  and  
intravenous, inhibits hypoxic drive. It may or 
may not respond to opioid reversal, depending 
on the anesthesia technique employed . The 
patient with hypoventilation may be hypoten-
sive. The best way to identify the hypoxia is a 
continuous convenient monitor: pulse oxime-
try. It is important to note that patients receiv-
ing a high concentration of supp lemental 
oxygen might not d isplay oxygen desaturation 
even in the setting of hypoventilation. (5:1286)

191.  (C) All of the facts are tru e excep t C. 
Preoxygenation can sustain vital organs for up 
to approximately 8 min. (5:551)

192.  (A) Type I alveolar cells form the majority of 
the alveolar gas exchange surface. When injured, 

Type II cells create new Type I cells. Type II 
cells produce surfactant. Type III cells are alve-
olar macrophages. (6:2206)

193.  (D) All of the options are appropriate, except 
pulmonary lavage with large volumes of saline 
that is believed  to cause detrimental effects. 
(5:1288)

194.  (E) Hypoxemia can be treated  by supplement-
ing the spontaneously breathing patient with 
O2 in most cases. A major reason for postop-
erative hypoxem ia is resid ual resp iratory 
d epression from  hypnotics or analgesics, 
necessitating app lication of antagonists in 
some cases. However, improved  pain control 
by administration of opioids might facilitate 
deep breathing and  thus prevent hypoventila-
tion and  atelectasis. The surgical site, espe-
cially if thoracic or upper abdominal, is known 
to have a major influence on postoperative 
hypoxemia. (5:1286)

195.  (D)

Infant (<1 yr)  Adult (>8 yr)

Angle  be tween trachea  
and right bronchus  (deg)

30  20

Angle  be tween trachea  
and le ft bronchus  (deg)

45  45

Narrowes t pos ition of the  
a irway

Cricoid ca rtilage  Glottis

Protrus ion of cornicula te  
and cune iform tubercles  
into aditus

Prominent  Minimal

Shape  of epiglottic  
cross -section

Omega-shaped  Crescent-
shaped or fla t

  (5:549)

196.  (D) When patients breathe an increased  FIO2,
there is an increased  amount of shunt present 
due to absorption atelectasis. This occurs in all 
air spaces. The lung units with low V/ Q ratios 
have a greater tendency to collapse. (5:970)

197.  (A) The Combitube enters the trachea in about 
4-6% of cases and  can then still be used  to ven-
tilate the lungs, by using the d istal rather than 
the more proximal lumen. All other facts are 
true. (5:558)
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198.  (C) Independent risk factors for d ifficult mask 
ventilation include age older than 55 years, 
body mass index greater than 30 kg/ m 2, facial 
hair, limited  mandibular protrusion, abnormal 
neck anatomy, sleep apnea, and  a history of 
snoring. (5:549)

199.  (A) The pu lmonary involvement in sclero-
derma results in restrictive d isease. The chest 
wall and  the lung itself both contribute to the 
restriction. There is fibrosis and  a decreased  
vital capacity lead ing to decreased  arterial sat-
uration. The VD/ VT ratio increases. (6:2757)

200.  (D) Type III alveolar cells are macrophages that 
are not stationary elements of the alveolar 
lining. (6:2206)

201.  (B) Auto-PEEP occurs if the expiratory phase 
is terminated  prematurely. When this occurs, 
alveolar p ressure does not equ ilibrate w ith 
proximal airway pressure at end-exhalation 
and  gas trap p ing resu lts. It increases end -
exp iratory lung volume and  can be measured  
by applying an expiratory pause in mechani-
cally ventilated  patients. The pressure mea-
sured  at the end  of this maneuver that is in 
excess of the PEEP set on the ventilator is auto-
PEEP. Auto-PEEP may reduce venous return 
and  increases with increasing respiratory rate 
and  minute ventilation. (5:470)

202.  (A) Chest wall compliance is calculated  from 
the change in esophageal p ressure (p leural 
pressure) during passive inflation. Chest wall 
compliance normally is 200 mL/ cm H 2O, and  
can be decreased  by abdominal d istension, 
chest wall edema, chest wall burns, thoracic 
d eformities (e.g., kyphoscoliosis), in obese 
patients, and  through an increase in muscle 
tone (e.g., a patient who is dyssynchronous 
with the ventilator). Chest wall compliance is 
increased  with flail chest and  paralysis. (5:471)

203.  (A) The work of breathing involves both elastic 
and  resistive work. If breathing is deep and  
slow, more effort is expended in overcoming 
elastic work. Most of the breathing effort is 
expended  in inspiration. (6:2089)

204.  (B) A flow-volume loop has flow on the y-axis 
and volume on the x-axis. An air leak would  be 
manifest by an open curve. (5:997)

205.  (C) Dynamic tracheal stenosis would  be seen 
w ith insp iratory or exp iratory flattening, 
depending on whether the affected  area was 
extrathoracic or intrathoracic, respectively. 
Point 2 is the point of peak inspiratory flow, 
while maximum expiration is at point 1. Point 
3 is at maximum inspiration, and  point 4 at 
peak exp iratory flow. Since a flow -volume 
loop  is done from maximum expiration to 
maximum inspiration and  back, the point at 
rest, FRC, cannot be d etermined . Withou t 
knowing the residual volume, FRC, or tidal 
volume, none of the classical lung volumes can 
be determined . Vital capacity, the sum of inspi-
ratory reserve, expiratory reserve, and  tidal 
volumes can be determined, but it is a capacity, 
not a volume. (5:997; 6:2086)

206.  (D) The FRC measurement is possible through 
the use of body plethysmography or a trace 
gas (such as helium) d ilu tion. The residual 
volume component of the FRC cannot, by def-
inition, be measured with spirometry. An esoph-
ageal balloon is used to estimate pleural pressure, 
and is not relevant to this measurement. (6:2084)

207.  (A) The breakdown of bicarbonate will lead  to 
CO2 production and  thus increased  ETCO2
levels. Any decrease in sampling, reduced pro-
duction or delivery of CO2 to the lungs will 
decrease ETCO2. (5:466)

208.  (D) Vasodilators attenuate the hypoxemic pul-
monary vasoconstrictive response. Anything 
that increases pressure in the pulmonary circu-
lation will decrease hypoxic pulmonary vaso-
constriction, including increases in pulmonary 
pressure, central blood  volume, and  arterial 
pressure. (5:969)

209.  (E) All of the conditions mentioned are aggra-
vated by hypercapnia, partly through increased  
catecholamines, resp iratory acid osis, and  
increased  plasma potassium, except ARDS, 
where a certain degree of permissive hypercap-
nia can augment unloading of oxygen to the 
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tissues by virtue of a rightward shift of the oxy-
gen-hemoglobin dissociation curve. (5:532, 551)

210.  (D) Hypocapnia leads to decreased  cerebral 
blood  flow, decreased  ionized  calcium, and  
d ecreased  oxygen d elivery to the tissues. 
Resp iratory d rive is decreased . There is an 
inhibition of hypoxic pulmonary vasoconstric-
tion leading to V/ Q mismatch. (5:970)

211.  (D) The anesthetized  patient has decreased  
ability to respond to increased CO2, low oxygen, 
metabolic acidemia, and  external stimuli. The 
ability to respond  to added  airway resistance 
is not lost. (5:612)

212.  (E) Surgery can cause capillary damage from 
rough handling and  can interrupt lymphatic 
d rainage. Injudicious fluid  administration can 
add  more fluid  than the pulmonary circulation 
can handle. Hyperinflation may cause paren-
chymal lung damage, but usually not pulmo-
nary edema. (5:422; 6:2232)

213.  (A) The respiratory quotient is the rate of CO2
output d ivided  by the rate of O2 uptake. It may 
vary with the metabolic substrate and , there-
fore, will not always be 0.8. (5:1468)

214.  (C) PEEP increases FRC and  decreases the 
work of breathing. Compliance is increased , 
and  the lung volume is increased . (5:470, 651)

215.  (D) The FRC/ CC relationship  is important in 
determining if the airway will remain open. If 
CC is below FRC, lung areas will stay open. If 
CC is above FRC, lung areas will collapse with 
each breath. If CC is above FRC plus tidal 
volume, lung areas will stay collapsed . In obe-
sity, FRC is decreased, while CC stays constant. 
Younger children are more prone to experienc-
ing airway closure and  alveolar collapse with 
atelectasis because the end -exp iratory lung 
volume from which tidal breathing occurs is 
close to closing capacity. (5:253, 302)

216.  (D) When paralyzed , the d iaphragm is pushed  
cephalad  by abdominal contents in the supine 
and  lateral positions. Und er spontaneous, 
anesthetized  breathing, active expiration with 

increased  abdominal tone also pushes the d ia-
phragm cephalad . Pneumoperitoneum, retrac-
tion, and  packing in the abdomen can also 
decrease the d iaphragm’s descent. The second 
gas effect is the concentrating effect of the ini-
tial uptake of nitrous oxide on the other alveo-
lar gases. (5:605, 1041)

217.  (A) The forced  vital capacity (FVC) is the 
volume of gas that can be exhaled  from maxi-
mal inhalation. The results vary with patient 
cooperation. The FEV1 is that portion of the 
procedure performed in the first second . The 
FEV1 is greatly reduced  in obstructive d isease. 
Inspiratory reserve volume is only a portion of 
the FVC. Unlike residual volume, FVC can be 
d eterm ined  u sing stand ard  sp irom etry. 
(6:2084)

218.  (E) The primary stimulus is pH. Carbon d iox-
ide reacts with water to form hydrogen ions; 
thus, CO2 is involved  indirectly. Hypoxia acts 
peripherally at the level of the carotid  bodies. 
Ondansetron is an antiemetic agent. (5:528)

219.  (D) The composition of alveolar gas d iffers 
from that of the inhaled gas since there is active 
CO2 production, O2 consumption, uptake or 
elimination of inhalational anesthetic agents 
(depending on concentration on either side), 
and  humid ification. N itrogen undergoes no 
metabolism and insignificant excretion, so at 
equilibrium, no net transfer occurs across the 
alveolar membrane. (5:459, 596)

220.  (D ) Equal ventilation of both sides is consis-
tent w ith proper tube p lacement, although it 
d oes not guarantee it. Unequal ventilation 
obviously demonstrates poor tube p lacement, 
or lung pathology. The d istance from the lips 
to the carina in an adult female is about 25 cm. 
Therefore, the tube d istance of 30 cm from the 
upper teeth is excessive. The carina lies at the 
level of the 4th–5th  thoracic ver tebra. 
Therefore, the tube placement by chest x-ray 
also is incorrect. (5:573)

221.  (D ) Airw ay resistance is typ ically higher 
d u ring exhalation than inhalation. Factors 
influencing resistance include the d iameter 
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and  length  of the end otracheal tube. In 
mechanically ventilated  patients the resistance 
can be estimated  as the d ifference between 
peak and  plateau pressure d ivided  by inspira-
tory flow. (5:472)

222.  (B) A right shift in the oxyhemoglobin d isso-
ciation curve is caused  by hyperthermia, aci-
dosis, hypercarbia, and increases in DPG. Fetal 
hemoglobin will shift this curve to the left. 
(5:460)

223.  (D) The rate of pulmonary complications cor-
relates strongly with all these factors, except 
asthma. The existence of chronic or acute pul-
monary d isease and  the specific location of the 
incision can influence the level of postopera-
tive pulmonary dysfunction. However, risk of 
com p lications is su rp risingly low  in  w ell-
controlled  asthma and  in patients treated  pre-
operatively with corticosteroids. (5:63)

224.  (E) All of the options regard ing closing capac-
ity are true, except E. Closing capacity is the 
sum of closing volume and  residual volume. 
As a fractional part of the total lung capacity, it 
is decreased  during infancy and  childhood . 
(5:255)

225.  (D) Transpulmonary pressure is the pressure 
gradient across the lung measured  as the pres-
sure d ifference between the airway opening 
and  the pleural surface, and  therefore is associ-
ated  with tidal volume and  lung volume. It is 
zero at FRC. (5:1415)

226.  (D) Vital capacity is the fu ll exhalation from 
total lung capacity without time limit for the 
maneuver. Closing capacity is the earliest test 
of small airway d isease, but requires gas anal-
ysis. Maximal breathing capacity is effort 
dependent. FEV1 is altered  in obstructive d is-
ease. To determine absolute lung volumes as 
opposed  to relative volume changes, body 
plethysmography or an inert gas d ilution tech-
nique is required . (6:2209)

227.  (C) Patients in the recovery room do not nor-
mally requ ire sedation. Op ioid s shou ld  be 
used  carefully in an amount that will treat the 

pain bu t still allow  the patient to breathe 
deeply and  mobilize secretions, rather than at 
fixed intervals. Positioning is dependent on the 
type of surgery performed ; invasive arterial 
blood pressure monitoring is not ind icated  in 
low-risk patients after low-risk surgery. (5:87)

228.  (B) This describes a method of emergency ven-
tilation that can be used  to oxygenate a patient 
adequately. If there is no obstruction above, 
pneumothorax is unlikely but one of the pos-
sible complications of the procedure. Gastric 
d ilatation does not occur, since the air will be 
vented  to the atmosphere. Injury to the sur-
round ing structu res (larynx, esophagus, tra-
chea) are possible complications. Ventilation 
may be inadequate to prevent hypercapnia. 
(5:572)

229.  (D) Pneumoconiosis is associated with fibrosis. 
Since a restrictive component is present, the 
d iaphragm may move very little. The x-ray 
may look much w orse than the functional 
state. Decreased  FEV1/ FVC is a measure for 
obstructive lung d isease. (6:2121)

230.  (D) Vital capacity includes tidal volume, clos-
ing volume, and  inspiratory and  expiratory 
reserve volumes bu t not all of FRC. FRC 
includes residual volume. (5:256; 6:2209)

231.  (B) All of the factors cited  may be involved  in 
causing hypoxemia, except B. Decreased release 
of oxygen from hemoglobin to the tissues is a 
cause of hypoxia. Blood loss, card iac output, 
and shunting are involved in oxygen transport; 
airway obstruction is involved  in ventilation. 
(5:459)

232.  (A) Diffusion hypoxia is due to an outpouring 
of nitrous oxide from the circulation into the 
alveoli that d isp laces oxygen and  lead s to 
hypoxia. It can easily be treated  and  prevented  
through oxygen supplementation. It occurs 
only during the phase of nitrous oxide elimina-
tion, minutes after emergence from anesthesia. 
The second gas effect occurs during induction 
and  refers to enhanced uptake of a second  vol-
atile anesthetic in the presence of nitrous oxide. 
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Carbon monoxide does not cause d iffusion 
hypoxia. (5:605, 612)

233.  (D) Pneumothorax is caused  by a loss of the 
sealed , negative pressure in the pleural space. 
Gas tracking through fascial planes, a connec-
tion to the airways, a connection through the 
chest wall, or intrathoracic tracheobronchial 
injury can all cause pneumothorax. Chest wall 
trauma can either produce a penetrating injury 
to the chest wall, or airway rupture, or a rib 
fracture, that in turn can puncture the lung. 
(5:857; 6:2181)

234.  (E) Hypoventilation, low card iac output, V/ Q 
m ism atch, and  intracard iac or pu lm onary 
shunting are problems that are of the highest 

im portance. Abnorm al d iffu sion is rarely 
important in this situation, and  is associated  
with chronic lung diseases, such as sarcoidosis. 
(5:459)

235.  (E) Total pu lmonary compliance is volume 
d ivided  by pressure. Net pulmonary compli-
ance remains relatively unchanged  in elderly 
people due to a combination of loss of tissue 
elasticity and stiffening of costochondral joints, 
compared  to younger ind ividuals. Pulmonary 
compliance involves the lung and  the chest 
wall. There is hysteresis in the alveolar expan-
sion, so hypoventilation and  atelectasis w ill 
decrease compliance. Compliance is increased  
by surfactant. (5:280, 470)
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CHAPTER 5

Nervous  Sys tem
Ques tions

DIRECTIONS (Questions 236-289): Each of the 
numbered  items or incomplete statements in this 
section is followed by answers or by completions of 
the statement. Select the ONE lettered  answer or 
completion that is BEST in each case.

236. A 44-year-old  w oman is und ergoing total 
pelvic exenteration for metastatic ovarian 
cancer. Several hours into the procedure her 
bod y temperatu re has d ropped  to 34.6°C
despite measures to keep her warm. Core body 
temperatu re may decrease intraoperatively 
because of all the following factors EXCEPT

(A)  exposure of body surfaces to room tem-
perature air

(B)  administration of room temperature 
intravenous flu ids

(C)  administration of muscle relaxants
(D)  low humidity of inspired  gases
(E)  high inspired  oxygen concentration

237. Of the cranial contents contributing to intra-
cranial p ressu re (ICP), w hich one has the 
smallest volume?

(A)  brain tissue
(B)  tissue water
(C)  venous blood
(D)  arterial blood
(E)  cerebrospinal fluid  (CSF)

238. In the sympathetic nervous system

(A)  preganglionic fibers synapse only in 
paravertebral sympathetic ganglia

(B)  preganglionic cell bodies are located  
throughout the spinal cord
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(C)  the preganglionic neurotransmitter is 
acetylcholine

(D)  target organ receptors are only 
adrenergic

(E)  effects are mediated  entirely through 
cyclic AMP

239. A 22-year-old  man has an unidentified  parietal 
mass and  presents for open brain biopsy. He 
has some symptoms associated  with a mild  
increase in intracranial pressure. Which one of 
the following induction agents may increase 
his intracranial pressure even further?

(A)  thiopental
(B)  methohexital
(C)  ketamine
(D)  propofol
(E)  midazolam

DIRECTIONS: Use the following figure to answer 
Questions 240-243:

Volume

A
B

C

D

I

n

t

r

a

c

r

a

n

i

a

l

 

p

r

e

s

s

u

r

e

 

(

I

C

P

)



62     5: Nervous  Sys tem

240. Between A and  B on the curve

(A)  there is a small ICP increase with 
increased  intracranial volume

(B)  a small ICP increase indicates poor com-
pensatory effect

(C)  pressure increases are compensated  for 
by increased  blood  flow

(D)  intracranial contents do not effect ICP
(E)  compensatory mechanisms are not 

functional

241. Intracranial pressure measurements similar to 
those shown in the graph are obtained  from a

(A)  need le in the caudal canal
(B)  need le in the cervical epidural space
(C)  catheter positioned in the lateral ventricle
(D)  catheter positioned  in the carotid  siphon
(E)  catheter positioned  in the jugular bulb

242. A patient at position B on the curve would  be 
expected  to

(A)  have clinical manifestations of increased  
ICP

(B)  move toward  position C with 
hyperventilation

(C)  have unilateral mydriasis
(D)  move toward  position A with adminis-

tration of isoflurane
(E)  may benefit from administration of 

intravenous hypertonic saline

243. At position C on the curve, a patient

(A)  moves toward  position D with 
hyperventilation

(B)  moves toward  position D with coughing
(C)  will not benefit from intravenous 

mannitol
(D)  will likely be hypotensive
(E)  will likely be tachycard ic

244. The ventilatory control centers

(A)  contain no expiratory neurons
(B)  receive no mechanical sensory input
(C)  receive input from airway oxygen 

receptors

(D)  are located  in the medulla and  pons
(E)  are activated  by peripheral CO2 tension

245. Absorption of cerebrospinal flu id  (CSF) takes 
place through

(A)  ependymal cells
(B)  arachnoid  villi
(C)  the pia mater
(D)  the foramen of Monro
(E)  the foramen of Magendie

246. The smallest nerve fiber, a postganglionic fiber 
associated  with slow conduction, is the

(A)  A-alpha fiber
(B)  A-beta fiber
(C)  A-gamma fiber
(D)  B fiber
(E)  C fiber

247. Integrity of all of the following structures can 
be monitored  by sensory-evoked  potentials 
EXCEPT the

(A)  dorsal columns
(B)  cerebellum
(C)  thalamus
(D)  vestibular-cochlear nerve
(E)  inferior colliculus

248. A 61-year-old  man has developed  a resting 
tremor in  his right hand . H is neurologist 
believes it is consistent with early Parkinson 
d isease. He is therefore likely to have dysfunc-
tion within the

(A)  cerebellum
(B)  lateral ventricle
(C)  pons
(D)  basal ganglia
(E)  aqueduct of Sylvius

249. A nuclear group in the brain involved in transmis-
sion of sensory information to the cortex is the

(A)  cerebellum
(B)  caudate
(C)  hypothalamus
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(D)  thalamus
(E)  hippocampus

250. All of the following cranial nerves contain 
parasympathetic efferent fibers EXCEPT the

(A)  oculomotor nerve (III)
(B)  trigeminal nerve (V)
(C)  facial nerve (VII)
(D)  glossopharyngeal nerve (IX)
(E)  vagus nerve (X)

251. The electroencephalographic (EEG) waveform 
with a frequency range of 8 to 13 Hz is associ-
ated  with

(A)  alpha activity
(B)  beta activity
(C)  gamma activity
(D)  delta activity
(E)  theta activity

252. In face of a declining supply of nutrients

(A)  neuronal function deteriorates in an all-
or-none fashion

(B)  there is no reserve below the normal 
level of cerebral blood  flow

(C)  irreversible neuronal damage occurs 
with EEG evidence of ischemia

(D)  the actual CBF level at which neuronal 
function deteriorates varies with 
anesthetics

(E)  an isoelectric EEG ind icates irreversible 
neuronal damage

253. The substantia gelatinosa

(A)  has the highest concentration of opioid  
receptors in the spinal cord

(B)  is located  in the lateral columns
(C)  is part of the dorsal column
(D)  is in the motor area of the brain
(E)  is in the ventral column

254. The oculocard iac reflex involves all of the fol-
lowing structures EXCEPT

(A)  vagus nerve
(B)  trigeminal ganglion

(C)  ophthalmic d ivision of cranial nerve V
(D)  oculomotor nerve
(E)  brain stem

255. Hormonal products of the anterior p itu itary 
include all of the following EXCEPT

(A)  growth hormone
(B)  lu teinizing hormone
(C)  antid iuretic hormone
(D)  follicle-stimulating hormone
(E)  thyrotropin

256. After bringing a traumatized  patient to the 
emergency department, the paramed ic team 
reports that his Glasgow Coma Score is 11. This 
assessment is based  on

(A)  eye opening, verbal response, and  motor 
response

(B)  assessment of knee jerk and  other motor 
reflexes

(C)  assessment of pupil size and  brain stem 
reflexes

(D)  assessment of respiration and  auto-
nomic brain stem functions

(E)  assessment of EEG

257. An increase in PaCO2 from 40 to 50 mm Hg will 
increase cerebral blood flow

(A)  not at all
(B)  1 to 2 mL/ 100 g/ min
(C)  5 to 10 mL/ 100 g/ min
(D)  10 to 20 mL/ 100 g/ min
(E)  25 to 50 mL/ 100 g/ min

258. The oxygen reserves of the brain are

(A)  infinite
(B)  capable of maintaining function for 

25 min
(C)  greater under anesthesia
(D)  very low
(E)  carried  primarily in the cerebral 

hemispheres
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259. Cerebral perfusion pressure may be estimated  
by

(A)  MAP +  ICP
(B)  SBP −  ICP
(C)  MAP −  ICP
(D)  MAP +  CVP −  ICP
(E)  SBP −  CVP

MAP: mean arterial blood  pressure
ICP: intracranial pressure
SBP: systolic arterial blood  pressure
CVP: mean central venous pressure

DIRECTIONS: Use the following case to answer 
Questions 260-262: A 47-year-old  man is brought to 
the interventional rad iology suite for insertion of a 
suprapubic catheter to provide long-term bladder 
drainage. He sustained  a C6 fracture with transec-
tion of the cervical cord  at age 23 in a motor vehicle 
accident. He takes no medications but has had  sev-
eral urinary tract infections treated  with antibiotics. 
He has no motor function or sensation below the 
shoulders. He is sedated  with 2 mg midazolam and  
50 mcg fentanyl.

260. In the patient with an injury at the C 6-7 level, 
one would  expect

(A)  a major loss of d iaphragmatic power
(B)  no effective ventilation and  ventilator 

dependency
(C)  d ifficulty swallowing and  pulmonary 

aspiration
(D)  impaired  alveolar ventilation
(E)  profound bradycard ia

261. On instillation of the bladder with saline, the 
blood pressure rises from 128/ 75 to 221/ 120 mm 
Hg and  the heart rate falls from 87 to 45 bpm. 
What is the likely cause of these changes to 
blood  pressure and  heart rate?

(A)  response to pain
(B)  autonomic hyperreflexia
(C)  micturition reflex
(D)  response to cold  solution in the bladder
(E)  anxiety

262. This event could  have been prevented  by

(A)  pretreatment with beta blockers
(B)  lithotomy position
(C)  instillation of body temperature fluid
(D)  light general anesthesia
(E)  spinal anesthesia

263. A 38-year-old  woman is in the neurological 
intensive care unit following rup ture of an 
aneurysm of the right middle cerebral artery. A 
CT scan shows extensive subarachnoid  hemor-
rhage. Which one of the following find ings 
would  be considered  to be LEAST likely?

(A)  hyponatremia
(B)  dysrhythmias
(C)  normal ICP
(D)  cerebral vasospasm
(E)  ECG abnormalities consistent with 

ischemia

264. The basilar artery is formed by the merger of

(A)  the vertebral arteries
(B)  branches of the internal carotid  artery
(C)  branches of the external carotid  artery
(D)  the anterior and  posterior communicat-

ing arteries
(E)  the anterior and  posterior spinal arteries

265. The celiac plexus

(A)  contains visceral and  somatic afferent 
and  efferent fibers

(B)  receives efferents from both sympathetic 
and  parasympathetic ganglia

(C)  innervates abdominal viscera
(D)  is formed from nerve roots from T7 

through T10
(E)  may be blocked  to relieve intractable 

angina pain

266. Cerebrospinal flu id  (CSF)

(A)  is formed  in the choroid  plexus by a 
passive process

(B)  functions as a cushion for the brain
(C)  is produced  at a rate of about 

100-200 mL/ h
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(D)  production is affected  to the least extent 
by enflurane of all of the volatile agents

(E)  normally contains protein at about one-
tenth the plasma concentration

267. N eurotransmitters in  the central nervous 
system that exert an inhibitory action on post-
synaptic neurons include

(A)  dopamine, glycine, serotonin, 
γ -aminobutyric acid  (GABA)

(B)  acetylcholine, dopamine, histamine
(C)  dopamine, epinephrine, glu tamate
(D)  acetylcholine, γ -aminobutyric acid  

(GABA), glu tamate
(E)  dopamine, serotonin, epinephrine, hista-

mine

268. Low cerebral blood  flow (CBF) may d isrupt 
adequate brain perfusion, and  one of the main 
determinants of CBF is the cerebral metabolic 
rate for oxygen (CMRO2). Which one of the 
following statements regard ing CMRO2 and  
CBF is TRUE?

(A)  In adults, the normal rate of neuronal oxy-
gen utilization is 30-40 mL/ 100 g/ min.

(B)  Blood  flow in the brain is independent 
of CMRO2.

(C)  CMRO2 reflects the amount of oxygen 
utilization in neurons to produce ATP.

(D)  Oxygen utilization is higher in the white 
matter as compared  to the gray matter.

(E)  Blood flow in the brain is coupled  to 
CMRO2 in a ratio of 5:1.

269. A typical neuron has

(A)  numerous branching dendrites
(B)  three or four axons to conduct impulses
(C)  no nucleus in the cell body
(D)  a dendritic zone devoid  of receptors
(E)  a myelin sheath that covers the entire 

cell

270. Propofol

(A)  has little effect on SSEP or MEP
(B)  can decrease CMRO2, CBF, and  ICP
(C)  does not cross the blood brain barrier

(D)  increases the frequency of EEG
(E)  has little effect on seizure activity

271. All of the following are true concerning hyper-
thermia EXCEPT that it

(A)  increases ICP
(B)  increases cerebral metabolic demand
(C)  worsens outcome from cerebral 

ischemia
(D)  decreases cerebral blood  flow
(E)  increases card iac output

272. A typical reflex arc includes all of the following 
EXCEPT a

(A)  sense organ
(B)  afferent neuron
(C)  efferent neuron
(D)  synapse on a peripheral effector
(E)  ascending axon within the ventral 

column

273. The electroencephalogram (EEG)

(A)  alone is sufficient for the d iagnosis of 
brain death, because a flat line is synon-
ymous with death

(B)  shows decreased  cortical activity with 
hypercapnia

(C)  is unaffected  by hysterical seizures
(D)  is unaffected  by hypothermia
(E)  is not useful in the d iagnosis of a con-

vulsive d isorder

274. A 15-year-old girl is undergoing surgery to cor-
rect scoliosis. Intraoperative monitoring includes 
motor evoked potentials. These potentials

(A)  test integrity of the descending cortico-
spinal tracts

(B)  are unaffected  by muscle relaxants
(C)  cannot be performed  under anesthesia 

with a volatile agent
(D)  are increased  during hypothermia
(E)  are produced  by electrical stimulation 

within the cerebellum
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275. When the cranium is open, the ICP is

(A)  increased  by volatile anesthetic agents
(B)  reduced  by hyperventilation
(C)  dependent upon the position of the 

head  relative to the heart
(D)  equal to ambient pressure
(E)  cannot be measured  by a ventricular 

catheter

276. The act of vomiting is an integrated  activity 
that includes

(A)  activation of the vomiting center in the 
cerebral cortex

(B)  opening of the glottis
(C)  closing of the esophageal and  gastric 

card iac sphincters
(D)  activity mediated  by cranial nerves VIII 

and  XI
(E)  activation of the chemoreceptor trigger 

zone in the area postrema

277. The compressed  spectral array (CSA) record-
ing of the electroencephalogram (EEG)

(A)  is more accurate than a standard  EEG 
tracing

(B)  presents data in a format of amplitude, 
time, and  frequency

(C)  is more accurate for determination of 
sudden events

(D)  requires no training for interpretation
(E)  should  be in use for all neurosurgical 

procedures

278. Which one of the following is NOT involved in 
sensory transmission?

(A)  dorsal root ganglion
(B)  spinothalamic tract
(C)  parietal cortex
(D)  ventral posterior and  ventral lateral 

nuclei of the thalamus
(E)  precentral gyrus

279. In the adult, the spinal cord  ends

(A)  at the lower border of the second  sacral 
vertebra

(B)  at the lower border of the first lumbar 
vertebra

(C)  at a segment in the lower lumbar region 
depending upon the patient’s height

(D)  midway between the 3rd  and  4th lum-
bar vertebra

(E)  at the lumbosacral junction

280. The normal brain

(A)  has a constant metabolic rate
(B)  maintains nearly constant blood  flow 

between mean arterial blood pressures 
of 80 to 120 mm Hg

(C)  requires only glucose and  oxygen to 
maintain function

(D)  couples regional blood  flow to meta-
bolic demand

(E)  requires fructose for energy

281. The blood–brain barrier

(A)  permits free passage of bicarbonate ion
(B)  does not include the brainstem
(C)  is impermeable to carbon d ioxide
(D)  is permeable to mannitol
(E)  is composed  of tight junctions in the 

vascular endothelium

282. Hyperventilation may lead  to

(A)  cerebral vasodilatation
(B)  reduced  PaCO2 in CSF
(C)  shift of the oxyhemoglobin d issociation 

curve to the right
(D)  increased  card iac output
(E)  metabolic alkalosis

283. In administration of anesthesia to a patient with 
Arnold–Chiari malformation, all of the following 
considerations are important EXCEPT

(A)  coughing on the endotracheal tube 
should  be prevented

(B)  a moderate increase in mean arterial 
pressure may lead  to subarachnoid  
hemorrhage
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(C)  postoperative respiratory depression 
may be encountered

(D)  a coexistent syrix in the spinal cord  is 
common

(E)  extreme flexion-extension of the neck 
should  be avoided

284. In the patient with amyotrophic lateral sclero-
sis, the anesthetic plan should  include

(A)  succinylcholine but not non-depolarizing 
muscle relaxants

(B)  non-depolarizing muscle relaxants but 
not succinylcholine

(C)  awareness of the patient’s respiratory 
limitation

(D)  avoidance of respiratory depressants
(E)  avoidance of isoflurane

285. Loss of cerebral autoregulation

(A)  will cause the cerebral blood pressure to 
fall with systemic hypertension

(B)  affects the entire brain at the same time
(C)  may be focal
(D)  only affects the lower end  of the blood 

pressure range
(E)  has no clinical significance

286. A 15-year-old  girl with a history of myotonic 
dystrophy is scheduled  for tonsillectomy and 
ad enoid ectomy und er general anesthesia. 
Considerations regard ing her anesthesia man-
agement include

(A)  postoperative hyperthermia may precip-
itate a myotonic response

(B)  myotonia can be relieved  by nondepo-
larizing relaxants

(C)  mechanical ventilation is 
contraindicated

(D)  myotonia can be precipitated  by 
succinylcholine

(E)  neostigmine prevents myotonia

287. A 26-year-old  man is scheduled  to undergo 
elective resection of an arteriovenous malfor-
mation. In planning the anesthesia, the anes-
thesiologist should  be prepared  to manage

(A)  blood pressure during induction within 
a very narrow range

(B)  malignant brain swelling
(C)  barbiturate-induced  coma to decrease 

oxygen demand prior to resection
(D)  vasospasm during surgery treated  with 

deliberate hypertension
(E)  elevated  ICP treated  with the head-up 

position

288. Brain tumors affect intracranial pressure by all 
of the following processes EXCEPT

(A)  increasing intracranial tissue content
(B)  increasing cerebral metabolic rate
(C)  altering cerebral blood  volume
(D)  obstructing CSF flow
(E)  increasing interstitial flu id  volume

289. Which is the most profound chemical stimulus 
for regulation of cerebral blood  flow?

(A)  metabolic alkalosis
(B)  hypothermia
(C)  hyperthermia
(D)  carbon d ioxide
(E)  hypercalcemia
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Answers  and Explana tions

236.  (E) Oxygen concentration does not influence 
body temperature. Exposure to low ambient 
temperature may cause hypothermia. This is a 
problem especially in small child ren because 
of their large body surface to mass ratio. Cold  
intravenous flu ids and  dry inspired  gases are 
sources of heat loss and  cause a fall in body 
temperature. Muscle relaxants prevent shiver-
ing, a p rincipal means by w hich the body 
m ain tains a norm al tem p eratu re. (1:528; 
5:1507-9; 6:165-6)

237.  (D) Under normal conditions, intracranial arte-
rial blood  volume is about 7 to 8 mL and con-
stitu tes abou t 15% of the 50 mL of total 
intracranial blood  volume. Conceptually, brain 
tissue can be d ivided  into solid  material (about 
168 g or 12% of intracranial contents) and  
tissue water (about 1092 g or 78% of intracra-
nial contents). Intracranial CSF volume is 
about 75 mL. Although occupying the smallest 
volume within the cranium, cerebral blood  
volume is altered  rapid ly by physiological and  
pharmacological intervention. (5:871-3; 6:2254)

238.  (C) Preganglionic neurons are located  in the 
thoracic and lumbar spinal cord (T1 through L3) 
and synapse upon postganglionic nerves either 
in paravertebral sympathetic ganglia or in 
plexi ad jacent to organs of innervation. Except 
for sweat glands that are cholinergic, target 
organ receptors are adrenergic. β -ad renergic 
receptors mediate their effects through cyclic 
AMP; α-ad renergic receptors act via a more 
complex second messenger system involving 
G proteins. All preganglionic neurons are cho-
linergic. (1:171-4; 5:1574; 6:3351)

239.  (C) Ketamine causes increases in intracranial 
p ressure, cerebral metabolism, and  cerebral 
blood flow. It is relatively contraindicated  in 
patients with an intracranial mass or increased 
intracranial p ressu re. The other ind uction 
agents w ill d ecrease intracranial p ressu re. 
(1:538-9; 5:699-700)

240.  (A) On the flat part of the compliance curve, 
there is a small rise in pressure for increases in 
volume. In this area of the curve, there is good 
compensation. As one moves to the right, there 
is a sudden increase in pressure w ith small 
changes in volume. (5:873, 880; 6:2256-7)

241.  (C) ICP is measured  typically with a ventricu-
lostomy catheter positioned  in the lateral ven-
tricle or from a fiberotic intraparechymal ICP 
monitor. ICP only can be determined  accu-
rately within the cranium; measurements from 
the spine may not accurately reflect intracra-
nial events. Pressure determined within vascu-
lar structures will not reflect ICP. (5:875, 880; 
6:2255)

242.  (E) Although this patient is approaching the 
steep portion of the intracranial compliance 
curve, they may not manifest signs of increased  
ICP. Unilateral mydriasis often occurs w ith 
brain d istortion from extremely high ICP or 
herniation. Hyperventilation reduces intracra-
nial blood  volume and  pressure by vasocon-
striction of cerebral arteries. Isoflu rane, in 
contrast, increases cerebral blood flow by caus-
ing cerebral vasod ilation  and  raises ICP. 
Hypertonic saline reduces ICP by reducing 
brain water content. (5: 537-8, 880; 6:2255-7)
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243.  (B) This patient is on the steep portion of the 
intracranial compliance curve. Since compen-
satory mechanisms have been exhausted, small 
increases in the volume of intracranial contents 
(such as an increase in blood volume due to 
coughing) will produce large increases in intra-
cranial pressure. Reduction in brain volume by 
decreasing brain water content will move the 
patient tow ard  position A. The Cushing’s 
response to elevated  ICP is hypertension, and  
sometimes bradycard ia. (5:880, 893; 6:1868, 
2256-7)

244.  (D) The ventilatory control centers, located  in 
the pons and  medulla, integrates information 
from peripheral mechanical recep tors and  
peripheral and  central chemosensors. The 
apneustic center contains both inspiratory and  
expiratory neurons. Peripheral oxygen sensors 
are located  in the carotid  body (not the airway). 
Recep tors for hyd rogen ion are centrally 
located ; when the hydrogen ion concentration 
increases, ventilation is stimulated . (5:528-9; 
6:277, 288)

245.  (B) The absorption of CSF takes place through 
the arachnoid  villi. The ependymal cells and  
the p ia mater are not involved . The foramina 
of Monro and  Magendie are conduits for CSF 
flow. (5:871-3)

246.  (E) A very small postganglionic fiber with slow 
conduction is the C fiber. (5:1520; 6:93, 3352)

247.  (B) The cerebellum is not monitored by sensory-
evoked potentials. The dorsal columns of the 
sp inal cord  transmit proprioception and  are 
assessed  by somatosensory-evoked potentials. 
The vestibu lar-cochlear nerve (cranial nerve 
VIII) and the inferior colliculus are assessed  by 
brainstem aud itory-evoked  potentials. Peaks 
corresponding to thalamic nuclei are detected  
with both. (5:484-6)

248.  (D) Parkinson disease is due to loss of dopami-
nergic cells in the basal ganglia of the brain. A 
non-intention tremor may be a symptom. 
(5:149; 6:3317)

249.  (D) The thalamus is located  at the base of the 
brain and  contains m any d istinct nuclear 
groups. Sensory information is processed  here 
before conduction to the cortex. Distinct peaks 
correspond ing to the thalamus are found  in 
som atosensory and  brain  stem  au d itory-
evoked potentials. (5:484-8; 6:187)

250.  (B) The trigeminal nerve contains somatic 
afferent fibers from the face and  supp lies 
motor innervation to the muscle of mastica-
tion. The oculomotor nerve contains parasym-
p athetic efferen ts that control p u p illary 
constriction; the facial nerve contains parasym-
pathetic fibers supplying the submandibular 
gland ; the glossopharyngeal nerve supp lies 
the parotid  gland ; and  the vagus nerve sup-
p lies the heart, resp iratory system, and  gu t. 
(5:1208; 6:224, 243, 3352)

251.  (A) Alpha activity has a frequency range of 8 to 
13 Hz. Beta activity has a frequency of greater 
than 13 H z. Theta rhythm  has an  activity of 
4 to 7 Hz. Delta rhythm has an activity of less 
than 4 Hz. There are no gamma waves in the 
EEG. (5:475-7)

252.  (D) In humans undergoing carotid  endarterec-
tomy, volatile anesthetics have been shown to 
alter the cortical blood flow level at which EEG 
evidence of ischemia first develops; halothane 
had  the least effect, isoflu rane reduced  the 
threshold  most, and  enflurane was intermedi-
ate between the two. Although neuronal func-
tion deteriorates progressively with decreasing 
blood  flow, not until CBF is less than half the 
normal level (22 mL/ 100 g/ min) does EEG 
evidence of ischemia manifest. The EEG is iso-
electric at 15 mL/ 100 g/ min, but irreversible 
damage does not occur until flow falls below 
6 mL/ 100 g/ min. (5:478-9, 1019; 6:2255)

253.  (A) The substantia gelatinosa has the highest 
concentration of opioid  receptors in the spinal 
cord . This area is in the dorsal horn of the 
spinal cord . (5:798, 1306-8, 1520-1, 1603-4)

254.  (D) The oculocard iac reflex is chacterized  by 
brad ycard ia (even to the point of asystole) 
p roduced by pressure or traction on the eye. 
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The afferent limb of the reflex is composed  of 
fibers from the ophthalmic d ivision of the tri-
geminal nerve that synapse upon brain stem 
neurons and  ultimately increase vagal efferent 
activity. Activation of the reflex can occur from 
manipu lation of any of the structu res that 
carry afferent impulses, including the trigemi-
nal ganglion and  the long ciliary nerves that 
innervate the globe. The oculomotor nerve is not 
involved in the reflex. (5:866, 1220; 6:3351-2)

255.  (C) Antid iuretic hormone (ADH) and  oxytocin 
are secreted  by the posterior pitu itary. Growth 
hormone, leutenizing hormone, follicle-stimu-
lating hormone, thyrotropin, p rolactin, and  
ad renocorticotropin are all secreted  by the 
anterior pitu itary. (5:1127-31; 6:2876-7)

256.  (A) The Glasgow Coma Score is based  on the 
ability to open the eyes and  verbal and  motor 
responses. Responses to knee jerk, pupil size, 
respiration, and  EEG are assessed  as part of a 
general neurologic examination bu t are not 
part of the Glasgow Coma Score. (5:1328, 1355; 
6:3381)

257.  (D) Cerebral blood flow increases 1 to 2 mL/
100 g/ min with each 1 mm Hg rise in PaCO2 in 
the normal physiologic range of PaCO2. For this 
reason it is important to have good airway con-
trol at all times when dealing with patients 
w ith increased  intracranial pressure. (5:874; 
6:2255-6)

258.  (D ) The oxygen reserves are very low. The 
reserves are not changed under anesthesia, but 
oxygen use is decreased. Since oxygen reserves 
are so low, the brain is subject to hypoxia with 
any bout of ischemia. (5:1464-6; 6:2257)

259.  (C) Cerebral perfusion pressure is the funda-
mental concept underlying the autoregulation 
curve. It represents the blood  pressure avail-
able for global perfusion of the brain. Because 
the brain is enclosed  in the cranium, which 
functions as a noncompliant container, CPP is 
defined  as the pressure of the blood entering 
the cranium (MAP) minus the pressure exerted  
within the cranium (ICP). This assumes that 
central venous pressure is less than intracranial 

pressure, as is the case when the head  is ele-
vated  and  there is no resistance to venous out-
flow from the cranium. (5:871; 6:2255)

260.  (D) The phrenic nerve arises from cervical seg-
ments C3–C5 and  supplies motor innervation 
to the d iaphragm. The intercostal muscles 
receive motor innervation from nerves origi-
nating in the thoracic cord . Although d isrup-
tion of the cervical cord  between C6 and  C7 
w ou ld  compromise ventilation, some d ia-
phragmatic function w ou ld  remain intact. 
Sympathetic supply to the heart is from the 
sympathetic ganglia that receive afferents from 
the thoracic cord  below the injury; parasympa-
thetic innervation is from the vagus and  is 
unaffected  by the inju ry. In the absence of 
hypoxia, no d istu rbance in  heart rate is 
expected . Cranial nerves IX and  X supply 
motor and sensation to the pharynx and glottis. 
(5:828; 6:2182-5)

261.  (B) Au tonomic hyperreflexia occu rs w ith 
spinal lesions above T5. Any noxious stimula-
tion (e.g., urinary catheter insertion or bladder 
d istention) may lead to hypertension accompa-
nied  by sweating and  bradycard ia. Anxiety or 
pain would  produce hypertension and  tachy-
card ia. (5:1138-9; 6:3356)

262.  (E) Disruption of noxious afferent signals ema-
nating from the bladder to the intact lower 
spinal cord  can prevent the autonomic hyper-
reflexic response. This can be accomplished  
w ith  d eep  general anesthesia or  regional 
anesthesia. (5:1138-9; 6:3356)

263.  (C) After subarachnoid  hemorrhage, rhythm 
d isturbances and  ischemic ECG changes are 
common. Spasm of the cerebral arteries can 
resu lt in decreased  cerebral blood  flow with 
resulting cerebral ischemia. Hyponatremia can 
occur from SIADH (syndrome of inappropriate 
secretion of antid iuretic hormone). The mass 
effect of hematoma in the subarachnoid  space 
as well as obstruction of CSF egress commonly 
leads to hydrocephalous. (5:85-7; 6:2261-5)

264.  (A) The left and  right vertebral arteries merge 
to form the basilar artery. (5:870)
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265.  (C) The celiac p lexus is a major abdominal 
p lexus composed  of a number of ganglia and  
innervates most of the abdominal contents. 
Sympathetic nerve fibers are derived  from T5 
through T12 and  convey only visceral afferent 
and  efferent information w ith no somatic 
inputs. (5:1134, 1574; 6:3352)

266.  (B) The majority of CSF is formed in the cho-
roid  plexus by filtration and  by active trans-
port, the latter responsible for about two-thirds 
of the total amount. The active transport pro-
cess requ ires energy. Transependymal d iffu-
sion from the brain interstitium also contributes 
to total volume. Continuous production at a 
rate of 30-40 mL/ h results in a complete turn-
over three times daily. The brain and  sp inal 
cord  essentially float in this flu id . Enflurane 
acts to increase p rod uction and  d ecrease 
absorption. The normal protein concentration 
in CSF is about one-hundredth the plasma con-
centration. (5:873; 6:3435, 3600)

267.  (A) The major inhibitory transmitter in the cen-
tral nervous system is GABA, but other trans-
mitters may have inhibitory effects as well. 
Acetylcholine, glutamate, histamine, and  epi-
nephrine are excitatory. (5:323, 474-5, 585-7; 
6:3523)

268.  (C) In adu lts, the normal rate of neuronal 
oxygen utilization is 3.0 to 3.8 mL/ 100 g/ min 
that is coupled  to blood flow of 50 mL/ 100 g/
min, resulting in a ratio of 15:1. This coupling 
of CMRO2 to CBF causes an increase in CBF 
during neuronal activity. Oxygen utilization is 
higher in the gray matter as compared  to the 
white matter. (5:873-4)

269.  (A) The typical neuron has numerous den-
drites that branch out and a dendritic zone that 
is rich in receptors. The neuron has a single cell 
body w ith an active nucleus and  only one 
axon. The myelin sheath covers the axon only 
in myelinated  neurons. (5:474-5, 1518-21; 6:95)

270.  (B) Propofol decreases the frequency of EEG 
and  d iminishes both the SSEP and  MEP. It 
decreases cerebral metabolism, blood flow, and  
ICP. It is an effective anticonvulsant. (5:875-6)

271.  (D) The consequences of hyperthermia include 
increased  cerebral blood  flow  and  ICP. 
Metabolic demand  is increased  and  cerebral 
ischemia has been shown to have a worse out-
come during hyperthermia. Card iac output is 
increased to meet metabolic demand. (5:1469-71; 
6:143-5)

272.  (E) A reflex arc includes a sense organ, an affer-
ent neuron and  efferent neuron that form a 
synapse on a peripheral effector such as a 
muscle. Reflexes can be mediated  by descend-
ing inputs from higher centers within the CNS. 
The ventral column contains descending fibers 
of the corticospinal tract. (1:261, 265, 5:489-90)

273.  (C) The EEG is not sufficient for the d iagnosis 
of brain death. Brain death requires a careful 
history and  patient assessment. Patients who 
are hypothermic or deeply anesthetized  with 
barbiturates, volatile agents, or propofol may 
d isplay a flat EEG. Cortical activity increases 
with hypercapnia. Hysterical seizures do not 
p rod uce a seizu re sp ike pattern on EEG. 
(6:2252-3)

274.  (A) Motor evoked  potentials are produced  by 
d irect transcranial electrical stimulation of the 
motor cortex; action potentials in contracting 
muscles are measured  peripherally. They test 
integrity of the ventral sp inal cord  that con-
tains the corticosp inal tracts. MEPs are 
depressed  by hypothermia, muscle relaxants, 
and  high concentrations of volatile anesthetics. 
(5:484-8)

275.  (D) ICP is produced  within a closed  cranium. 
Opening of the cranium at surgery relieves 
intracranial pressure and  ICP equals ambient 
pressure or zero. While positioning of the head 
and anesthetic agents impact upon brain relax-
ation, they do not alter ICP. (5:880)

276.  (E) The act of vomiting requires the activation 
of the vomiting center located  in the reticular 
formation of the lower medulla near the area 
postrema. It requires the opening of the esoph-
ageal and  gastric card iac sphincters. The pro-
cess is med iated  by cranial nerves IX and  X. 
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It may be initiated  by stimulation of the che-
moreceptor trigger zone. (5:711; 6:301)

277.  (B) The compressed  spectral array presents 
data from the EEG in a format of amplitude, 
time, and  frequency. Although this format is 
more convenient, some specificity and  accu-
racy are lost. The CSA is not as accurate for 
sudden events. In spite of its convenience, a 
certain amount of training and  familiarity are 
needed  to interpret the tracing accurately. CSA 
is not necessary for every anesthetic. (5:1019)

278.  (E) The precentral gyrus is primarily involved  
with motor functions. Sensation involves the 
dorsal root ganglion cell, the lateral spinotha-
lamic tract, the thalamic nuclei, and  the post-
central gyrus. (5:1520-21; 6:187-8)

279.  (B) The spinal cord  ends at the lower border of 
the first lumbar vertebra in the adult. The sub-
arachnoid  space continues fu rther caudally 
and  ends at S2. Although in children the cord  
ends in the lower lumbar region and  moves 
rostral as the child  reaches adulthood, the posi-
tion of the end  of the cord  is not dependent 
upon patient height. (5:786)

280.  (D) In the normal brain, metabolic rate and  
blood flow are relatively constant. The auto-
regulatory range in which constant blood flow 
is maintained  occurs between a mean arterial 
blood  pressure of approximately 50 to 150 mm 
Hg. Fructose is not a required  energy source of 
the brain. While the brain requires only glu-
cose and  oxygen to maintain energy supply, 
this is insufficient to maintain the structural 
and  functional integrity. (5:871-4; 6:2255-7)

281.  (E) The blood-brain barrier is present in all 
regions of the brain and  sp inal cord  and  is 
formed  by tight junctions between vascu lar 
endothelial cells and  foot processes of the glia. 
Carbon d ioxide freely crosses the blood-brain 
barrier; bicarbonate is charged  and  crosses the 
blood-brain barrier more slowly. Mannitol is 
excluded  from normal brain. (5:538, 874-5, 880; 
6:2254-6)

282.  (B) Hyperventilation reduces the PaCO2 in CSF. 
It decreases card iac output and  constricts cere-
bral vasculature. The oxyhemoglobin curve is 
shifted  to the left. The reduction in PaCO2 pro-
duces respiratory alkalosis; prolonged hyper-
ventilation produces loss of bicarbonate ion 
and  metabolic acidosis. (5:528-9)

283.  (B) The Arnold–Chiari malformation is charac-
terized  by brain stem compression from her-
niation of the cerebellar tonsils through the 
foramen magnum and caudal d isplacement of 
the brain stem. Hydrocephalus is common 
from obliteration of the foramina of Lushka 
and  Magendie that d rain the fourth ventricle. 
Increases in  intracranial p ressu re m ay be 
encountered . Extreme flexion-extension of the 
neck may increase brain stem compression. 
Postoperative respiratory and  hemodynamic 
patterns should  be monitored  closely because 
of possible brain stem compression. The syn-
d rome is commonly associated  with syrinx. 
(5:251, 1180, 1193; 6:127)

284.  (C) The patient with amyotrophic lateral scle-
rosis is chronically weak and  has muscle wast-
ing from loss of descend ing input in the spinal 
cord . Succinylcholine should  be avoided . Non-
depolarizing muscle relaxants may have pro-
found impact; if required , they should  be used  
in low doses. If the patient has any respiratory 
compromise postoperatively, mechanical ven-
tilation is ind icated . Although these patients 
may exhibit exaggerated  changes in hemody-
namics in response to inhalational anesthetics, 
there is no specific recommendation to avoid  
these agents. (5:139, 500-1; 6:3345-7)

285.  (C) Loss of cerebral autoregulation will cause 
cerebral blood  flow to vary directly with blood  
pressure. This may be focal and only affect part 
of the brain. Loss of autoregulation has great 
clinical significance with respect to blood  pres-
sure and  cerebral ischemia. (5:873-4; 6:2255)

286.  (D) The patient with myotonic dystrophy pres-
ents an anesthetic p roblem w ith regard  to 
muscle relaxation. While succinylcholine may 
cause myotonia, myotonic ep isodes are not 
necessarily reversed  by nond ep olarizing 
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muscle relaxants. Furthermore, neostigmine 
may aggravate myotonia. Postoperative shiv-
ering in the recovery room may induce myoto-
nia. At the end  of the procedure, mechanical 
ventilation is preferable to reversal of muscle 
relaxants. (5:144-5; 6:3487-9)

287.  (B) Arteriovenous malformations are high-
flow, low-pressure lesions, and  hypertension-
induced hemorrhage is rare, if not nonexistent. 
Vasospasm is also rare. Intraoperative hemor-
rhage can be severe if rupture occurs. In add i-
tion, reperfusion breakthrough (development 
of severe brain sw elling as a resu lt of the 
sudden alteration in blood  flow and  perfusion 
pressure in the brain parenchyma surrounding 
the malformation) during resection can result 
in severe intraoperative problems. Treatment 
may include induced  hypotension and  high-
dose barbiturates. (5:887-8; 6:3298)

288.  (B) Because intracranial contents are not com-
pressible, any increase in the mass of intracra-
nial material will result in a rise in intracranial 
pressure unless the volume of another com-
partment decreases. Edema in tissue surround-
ing the tum or increases in terstitial flu id  
volume and  contribu tes to the rise in ICP. 
Cerebral blood volume may be either increased  
or decreased by tumor growth. Hydrocephalus 
can result from tumor obstruction of CSF out-
flow from the brain. (5:80-3; 6:2254-7)

289.  (D ) The most p rofound  chemical stimulus 
affecting cerebral blood flow is carbon dioxide. 
Changes in electrolytes and  acid-base balance 
may have an effect, but the predominant effect 
is from PaCO2. Hypothermia decreases cerebral 
blood  flow by decreasing cerebral metabolic 
rate. (5:873-4; 6:2255-7)
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CHAPTER 6

Renal, Hepatic , Endocrine , 
Hematologic , and Metabolic  Sys tems

Ques tions

DIRECTIONS (Questions 290-365): Each of the 
numbered  items or incomplete statements in this 
section is followed by answers or by completions of 
the statement. Select the ONE lettered  answer or 
completion that is BEST in each case.

290. A 50-year-old  patient underwent a thyroidec-
tomy that finished  at 1000, and  at 2200 he com-
plained  to the nurse of d ifficulty in breathing. 
She took his blood  pressure that was moder-
ately elevated  above previous determinations, 
but she also noticed  that his wrist flexed  when 
the blood pressure cuff remained  inflated . The 
cause of the stridor is probably

(A)  vocal cord  paralysis
(B)  partial vocal cord  paralysis
(C)  laryngeal edema
(D)  cervical hematoma
(E)  hypocalcemia

291. A 62-year-old  man with chronic renal failure 
who is receiving d ialysis three times weekly 
suffers a fracture of the humerus in a fall. He is 
brought to the operating room for an open 
reduction of the fracture on the evening of a 
day on which he missed  his d ialysis due to the 
injury. Expected  abnormalities in this patient 
include all of the following EXCEPT

(A)  metabolic acidosis
(B)  hyperkalemia
(C)  uremia
(D)  thrombocytopenia
(E)  hypervolemia
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292. A previously healthy 25-year-old  man suffers 
a rup tu red  sp leen d uring a rugby game. 
During the emergency splenectomy, he is given 
ten units of packed  red  blood  cells. After 
achieving hemostasis, an acceptable hemato-
crit value of 27%, and  euvolemia via the 
administration of normal saline, the most 
likely electrolyte abnormality is

(A)  hypercalcemia
(B)  hypermagnesemia
(C)  hypophosphatemia
(D)  hypokalemia
(E)  hyperkalemia

293. A 50-year-old  alcoholic man with a long his-
tory of tobacco abuse and  who is chronically 
dyspneic at rest is in the recovery room after 
an emergency appendectomy. He is receiving 
supplemental oxygen by mask and  appears to 
be hypoventilating. An arterial blood  gas is 
obtained  that shows pH = 7.19, PO2 = 85 mm 
Hg, and  PCO2 = 90 mm Hg. This state can best 
be described  as

(A)  pure respiratory acidosis
(B)  combined respiratory acidosis and  met-

abolic acidosis
(C)  respiratory acidosis with compensating 

metabolic alkalosis
(D)  metabolic acidosis with compensating 

respiratory alkalosis
(E)  pure metabolic acidosis
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294. A hypotensive, comatose 47-year-old  man is 
brought to the operating room after being 
struck by a bus. He is emaciated  and has a long 
history of alcoholism. It is important to admin-
ister thiamine to this patient because thiamine 
deficiency may

(A)  be the cause of the observed  coma
(B)  be the cause of the observed hypotension
(C)  be precipitated  by the administration of 

glucose-containing solutions
(D)  cause rhabdomyolysis if succinylcholine 

is given
(E)  potentiate the card iovascular depressant 

effects of volatile anesthetics

295. A 59-year-old woman requires treatment for non-
Hodgkin’s lymphoma. Antineoplastic chemo-
therapy with which one of the following agents 
may cause a peripheral neuropathy?

(A)  methotrexate
(B)  doxorubicin
(C)  busulfan
(D)  bleomycin
(E)  vincristine

296. A 20-year-old  college student is found  dead  in 
his dormitory room after consuming a large 
amount of alcohol. When a lethal amount of 
ethanol is ingested , the toxic effect of ethanol 
usually lead ing to death is

(A)  hypotension due to vasod ilation
(B)  hypotension due to decreased  card iac 

output
(C)  seizure
(D)  apnea
(E)  ventricular arrhythmia

297. A 73-year-old  patient is undergoing implanta-
tion of a hip  prosthesis under general anes-
thesia. She has been taking prednisone for 
rheumatoid  arthritis for 6 months. During the 
procedure, there is a sudden d rop  in blood  
pressure. The first step  to be taken is to

(A)  administer hydrocortisone 100 mg 
intravenously

(B)  establish the cause of the hypotension

(C)  cancel the procedure
(D)  begin an infusion of phenylephrine
(E)  d iscontinue all anesthetic agents

298. A 72-year-old  man with esophageal carcinoma 
has been receiving total parenteral nu trition 
with a solution containing 20% glucose and 4% 
amino acids for several weeks prior to surgery 
through a central venous catheter in the left 
subclavian vein. The patient is undergoing a 
left thoracotomy for resection, and  during the 
procedure the medical student hold ing the rib 
retractor accidentally removes the subclavian 
catheter. Regard ing the infusion of total paren-
teral nutrition, the most appropriate maneuver 
to perform d uring the su rgical p roced ure 
would  be to

(A)  do nothing
(B)  position the patient supine, insert a 

right subclavian catheter, and  restart the 
infusion of parenteral nutrition

(C)  restart the parenteral nutrition solution 
via a peripheral intravenous catheter

(D)  administer 5 units of regular insulin 
intravenously and  measure the serum 
glucose concentration in 15 min

(E)  begin an infusion of 10% glucose via a 
peripheral vein

299. A 36-year-old  nurse in good  health is stuck 
with a used  need le during the unsuccessfu l 
resuscitation of a hom eless m an w ith  an 
unknown medical history. She is at potential 
risk of all of these d iseases from exposure to a 
needle contaminated with blood or tissue from 
an infected  patient EXCEPT

(A)  Creutzfeld t–Jakob d isease
(B)  hepatitis A
(C)  hepatitis C
(D)  cytomegalovirus
(E)  syphilis

300. A 29-year-old  anesthesia resident is found  
dead of an overdose in his call room one morn-
ing. The following statements are true concern-
ing substance abuse among anesthesiologists 
EXCEPT
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(A)  alcohol and  fentanyl are the drugs most 
likely to be abused

(B)  a proper drug accountability system will 
prevent misuse

(C)  an individual confrontation with the 
d rug user is not recommended

(D)  the relapse rate of anesthesiology resi-
dents allowed  to reenter a program is 
about 66%

(E)  it is the policy of the ASA to treat sub-
stance abuse d isorders as a d isease

301. A 37 year-old-woman with a history of sclero-
derma is brought to the hospital after a motor 
vehicle accident and  requ ires an emergency 
laparotomy for management of intraabdomi-
nal bleed ing. Problems that may be encoun-
tered  in  sclerod erm a inclu d e all of the 
following EXCEPT

(A)  limited  mouth opening
(B)  arterial d ilatation
(C)  pulmonary fibrosis
(D)  contractures
(E)  pericard ial effusion

302. A 2-year-old  child  w ith Hurler syndrome 
(gargoylism), a disturbance of mucopolysaccha-
ride metabolism, needs anesthesia for an umbil-
ical hernia repair. Anesthesia for such patients is 
complicated by all of the following EXCEPT

(A)  dwarfism
(B)  macroglossia
(C)  hypertelorism
(D)  hepatosplenomegaly
(E)  short neck

303. An 80-year-old  patient has a normal value of 
1.0 mg/ dL for serum creatinine. Compared  
with a 20-year-old  patient of the same weight 
and  with the same serum creatinine value, the 
80-year-old  patient has approximately what 
fractional value of creatinine clearance?

(A)  0.1
(B)  0.2
(C)  0.5
(D)  0.7
(E)  0.9

304. A 40-year-old  alcoholic man with a massive 
gastrointestinal bleed  is treated  with a variety 
of blood  components. The blood  component 
with the least risk of transmitting hepatitis C is

(A)  cryoprecipitate
(B)  fresh frozen plasma
(C)  packed  red  blood cells
(D)  frozen washed  red  blood  cells
(E)  5% albumin

305. A 64-year-old man with a history of stable exer-
tional angina for 3 years presents for preopera-
tive evaluation before an elective hip replacement 
for severe degenerative arthritis. In terms of his 
preoperative medications or his need for addi-
tional evaluations prior to surgery, he

(A)  needs a card iac catheterization
(B)  needs a dobutamine stress 

echocard iogram
(C)  needs a myocard ial perfusion scan
(D)  should  be taking a beta-blocker unless 

there is a specific contraindication
(E)  should  d iscontinue his statin 

preoperatively

306. You are the anesthesiologist assigned  to the 
preoperative testing area for the day. All of the 
following statements regard ing stopping or 
continuing medications are true EXCEPT

(A)  patients with coronary artery d isease 
should  ideally never stop aspirin 
because of a rebound phenomenon 
resulting in an increased  risk of periop-
erative card iac complications; risk of 
bleed ing versus thrombosis need  to be 
assessed

(B)  statins should  be continued  and  may 
even exert a protective effect in patients 
undergoing vascular surgery

(C)  metformin should  be stopped 2 weeks 
preoperatively because of the risk of 
metabolic acidosis

(D)  it is advisable to stop furosemide a day 
before surgery because of an increased  
risk of hypovolemia

(E)  birth control pills should  be continued  
on the day of surgery
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307. A 79-year-old  man with coronary artery d is-
ease d evelops acu te kid ney inju ry after a 
carotid  endarterectomy. The circulation to the 
kidney is

(A)  autoregulated  over a mean arterial pres-
sure range of about 80 to 160 mm Hg

(B)  not regulated  by neural factors
(C)  innervated  by sympathetic nerves origi-

nating in T2-T3
(D)  not affected  by epinephrine
(E)  constricted  by prostagland in E2

308. A 33-year-old  w oman takes clarithromycin 
chronically for sinusitis. After falling on ice, 
she suffers a complex fracture of her ankle. In 
the emergency department, her ankle is too 
swollen to permit immediate operative repair 
so it is casted  and  she is scheduled  for surgery 
in  a w eek. She is given a fentanyl patch, 
25 mcg/ h, for pain. The following morning, 
she is found  dead  in bed . The most likely 
mechanism for her death is

(A)  excessive fentanyl effect due to exces-
sive dose

(B)  excessive fentanyl effect due to impaired  
metabolism

(C)  myocard ial infarction
(D)  pulmonary embolus of clot originating 

in injured  leg
(E)  bone marrow embolus

309. A morbidly obese 42-year-old woman is sched-
uled for bariatric surgery. Which one of the fol-
lowing statements is true about the perioperative 
management of a morbidly obese patient?

(A)  Obese patients have d ifferent fasting 
guidelines compared  to non-obese 
patients.

(B)  Neck circumference is the single best 
pred ictor of problematic intubations in 
obese patients.

(C)  Postoperative continuous positive air-
way pressure increases the incidence of 
major anastomotic leakage after gastric 
bypass surgery.

(D)  Patients with obesity-hypoventilation 
syndrome have a decreased  sensitivity 
to the respiratory depressant effects of 
general anesthetics.

(E)  Succinylcholine should  be dosed  based  
on lean body weight in obese patients.

310. A 59-year-old  man w ith moderate chronic 
obstructive pu lm onary d isease (COPD) is 
scheduled  for a nephrectomy for renal cell car-
cinoma. All of the following statements about 
patients with chronic pulmonary d isease are 
correct EXCEPT

(A)  a patient with severe but stable COPD 
should  routinely have preoperative pul-
monary function tests before major 
abdominal or pelvic surgery

(B)  to prevent intraoperative bronchospasm 
in patients with asthma, pretreatment 
with a β2-adrenoceptor agonist and/ or 
an anticholinergic agent is ind icated

(C)  in patients with severe asthma, propofol 
and  ketamine are the induction agents 
of choice

(D)  ketamine has little effect on ventilatory 
d rive in patients with COPD

(E)  in patients with COPD, longer-acting 
neuromuscular blockade is associated  
with a greater risk of postoperative 
pulmonary complications than use of 
shorter acting neuromuscular blockers

311. The liver affects glucose metabolism by all of 
the following mechanisms EXCEPT

(A)  glycogen storage
(B)  gluconeogenesis
(C)  glycogenolysis
(D)  insulin production
(E)  conversion of galactose to glucose

312. A 55-year-old woman with recurrent nephroli-
thiasis is treated with extracorporeal shock wave 
lithotripsy. The shock wave during extracorporeal 
shock wave lithotripsy is timed to coincide with a 
particular point in the ECG, and occurs

(A)  at the peak of the P-wave.
(B)  100 msec after the peak of the P wave
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(C)  20 msec after the peak of the R wave
(D)  200 msec after the peak of the R wave
(E)  at the peak of the T wave

313. A 60-year-old  man w ith a history of w ell-
controlled  type 2 d iabetes and  a myocard ial 
infarction 7 years ago with no recent card iac 
symptoms presents for preoperative evalua-
tion prior to prostatectomy. All of the follow-
ing statements about perioperative cardiac risk 
assessment are true EXCEPT

(A)  most ischemic events occur postopera-
tively rather than intraoperatively

(B)  in terms of card iac risk stratification for 
noncard iac surgery, intrathoracic and  
intraperitoneal surgeries are deemed 
intermediate risk

(C)  accord ing to the American College of 
Card iology/ American Heart 
Association (ACC/ AHA) guidelines, 
patients with asymptomatic type 2 
d iabetes have the same risk of 
perioperative card iac complications 
(PCC) as a patient with a previous MI

(D)  card iomegaly by itself is not a risk factor
for PCC

(E)  renal insufficiency is one of the five 
perioperative risk factors in the ACC/
AHA guidelines

314. A 40-year-old  alcoholic man is found to have 
massive ascites. Ascites

(A)  follows chronic decreased  portal vein 
pressure

(B)  follows periods of hyperalbuminemia
(C)  is usually accompanied by hypernatremia
(D)  may have an adverse card iopulmonary 

effect
(E)  should  be removed rapid ly to avoid  

reaccumulation

315. An elderly woman is brought into the hospital 
after being found  on the floor of her apart-
ment. She is found to have prerenal failure and 
her urine will

(A)  be positive for nitrites
(B)  be concentrated

(C)  have a specific gravity of approximately 
1.010

(D)  be excreted  in large amounts
(E)  have a redd ish tinge due to presence of 

red  blood  cells

DIRECTIONS: use the following scenario to answer 
Questions 316-317: A 46-year-old  woman with myx-
edema is scheduled  for emergency intraabdominal 
surgery.

316. A find ing consistent with the myxedematous 
state is

(A)  fine, soft hair
(B)  moist skin
(C)  bradycard ia
(D)  heat intolerance
(E)  pitting edema of the eyelids

317. Fluid  and  blood replacement in this patient

(A)  should  be guided  by blood pressure
(B)  should  be guided  by electrocard io-

graphic voltage
(C)  does not differ from that in normal patients
(D)  should  be guided  by invasive arterial 

and  central venous pressure monitoring
(E)  should  be accompanied  by rapid  resto-

ration of the euthyroid  state

318. A 75-year-old  woman with aortic stenosis and  
depression treated  with fluoxetine presents for 
aortic valve replacement surgery. All of the fol-
lowing statements about depression are correct 
EXCEPT

(A)  St. John’s wort is an herbal remedy often 
taken by patients to treat depression

(B)  successful treatment of depression has 
been shown to correlate with a reduced  
risk of postoperative death

(C)  it is estimated  that more than 75% of 
hospitalized  elderly patients suffer from 
depression

(D)  depression may be a symptom of 
hypocalcemia

(E)  depression may be a symptom of 
Cushing syndrome
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319. A 60-year-old  woman presents with episodic 
hypertension to 180/ 105 associated  with head-
ache and  profuse sw eating. A d iagnosis of 
pheochromocytoma is made. She

(A)  requires immediate surgery
(B)  should  be treated  for 10 to 14 days with 

an α -adrenoceptor antagonist
(C)  can be anesthetized  regard less of the 

level of blood pressure readings
(D)  is usually hypervolemic
(E)  should  have a Swan-Ganz catheter in 

place preoperatively

DIRECTIONS: use the following scenario to answer 
Questions 320-321: A 52-year-old  woman with a 
one-year history of type 2 d iabetes controlled  on 
metformin is scheduled  for a partial colectomy for 
recurrent d iverticulitis.

320. The most important goal in the treatment of a 
middle-aged diabetic patient undergoing anes-
thesia is to

(A)  keep blood  sugar in the normal range
(B)  prevent glycosuria
(C)  prevent hypoglycemia
(D)  prevent ketoacidosis
(E)  prevent acetonuria

321. Hypoglycemia in the awake patient

(A)  is identical to that in the anesthetized  
patient

(B)  is characterized  by bradycard ia
(C)  is characterized  by hypertension
(D)  is due to ketoacidosis
(E)  is characterized  by a marked  parasym-

pathetic response

322. You are called  to see a patient on the medical 
service in need  of a cholecystectomy for acute 
cholecystitis. The patient was admitted  with 
abd om inal pain  and  hyperosm olar coma. 
Hyperosmolar coma

(A)  usually occurs in young people
(B)  occurs at osmolar levels of 150 to 

175 mOsm/ L

(C)  occurs in the absence of ketonemia
(D)  is usually accompanied  by oliguria
(E)  requires treatment with large doses of 

insulin

323. A 33-year-old  w oman with type 1 d iabetes 
who uses an insulin pump presents for surgi-
cal d rainage of a p ilonidal abscess. She has 
been fasting since the night before surgery. All 
of the following statements regard ing periop-
erative management of this patient are correct 
EXCEPT

(A)  in general, it is best to maintain the 
basal infusion rate of insulin

(B)  scheduled  preprand ial insulin boluses 
should  be omitted

(C)  glucose levels should  be monitored  at 
frequent intervals

(D)  she should  resume her usual d iet and  
insulin therapy regimen as soon as 
possible postoperatively

(E)  uptake of insulin from the pump is not 
affected  by alterations in tissue 
perfusion

324. A 26-year-old otherwise healthy female trauma 
patient is brought to the operating room with 
massive injuries and  requires multiple units of 
blood to attempt to maintain euvolemia. Which 
one of the following statements about blood  
transfusions in her is correct?

(A)  Cross-matching is necessary for fresh 
frozen plasma (FFP).

(B)  Most p latelet transfusions are given to 
treat d ilutional thrombocytopenia after 
massive transfusion.

(C)  Human error is the root cause of 
most fatal hemolytic transfusion 
reactions.

(D)  A unit of packed red blood cells should  
increase the hemoglobin level by 3 g/ dL.

(E)  FFP transfusion should  be guided  by the 
INR value.
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325. A 47-year-old  patient is to be operated  on for a 
tumor of the small bowel. In the preoperative 
interview, a history of flushing, d iarrhea, and  
joint pain is elicited . There are also symptoms 
compatible w ith congestive heart failu re. A 
likely d iagnosis is

(A)  Zollinger-Ellison syndrome
(B)  carcinoid  syndrome
(C)  pheochromocytoma
(D)  Peutz-Jeghers syndrome
(E)  adrenal tumor with metastasis

326. A 59-year-old  man with cirrhosis needs hip 
replacement surgery for severe osteoarthritis. 
Which one of the following statements regard-
ing cirrhotic patients is correct?

(A)  The serum albumin level will be elevated.
(B)  Excessive sodium is lost in the urine.
(C)  Pancuronium is more effective.
(D)  Serum gamma globulin level will be low.
(E)  Less thiopental is required for induction.

327. The optimal anesthetic regimen for a 50-year-
old  patient with fulminant hepatic failure from 
hepatitis C undergoing liver transplantation

(A)  will avoid  fentanyl
(B)  will avoid  nondepolarizing relaxants
(C)  is a balanced  technique
(D)  will avoid  halogenated  hydrocarbons
(E)  will depend  on the cause of the liver 

failure and  the patient’s status

328. A 35-year-old  woman with hyperparathyroid-
ism undergoes a parathyroidectomy. Features 
of hypocalcemia relevant to the perioperative 
period  include all of the following EXCEPT

(A)  hypocalcemia pred isposes to 
laryngospasm

(B)  hypocalcemia can present as change in 
mental status

(C)  hypocalcemia can lead  to d ifficult to 
treat hypertension in the postoperative 
setting

(D)  one gram of calcium chloride solution 
provides three times the amount of ele-
mental calcium present in one gram of 
calcium gluconate

(E)  concentrated  calcium solutions may be 
caustic to peripheral veins

329. A 43-year-old  male patient w ho has had  a 
transsphenoidal hypophysectomy for acro-
megaly several years ago presents for chole-
cystectom y. Which one of the follow ing 
hormones should  be given in the perioperative 
period?

(A)  ACTH
(B)  TSH
(C)  vasopressin
(D)  cortisol
(E)  insulin

330. A 39-year-old  d iabetic man is scheduled  for a 
podiatric procedure. Which one of the follow-
ing statements is TRUE regarding the effects of 
medications on blood  sugar?

(A)  Propranolol potentiates the hypergly-
cemic response to stress.

(B)  Lisinopril increases insulin requirements 
in the d iabetic.

(C)  Hydrochlorothiazide potentiates the 
hypoglycemia produced  by glyburide.

(D)  Atenolol decreases insulin release from 
the pancreas.

(E)  Prednisone increases the blood  glucose 
concentration.

331. Cryoprecipitate contains all of the following 
clotting factors EXCEPT

(A)  factor VIII
(B)  factor IX
(C)  factor XIII
(D)  von Willebrand  factor
(E)  fibrinogen
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332. The treatment of a hemolytic transfusion reac-
tion in a midd le-aged  female patient w ho 
received  blood  during a surgical p rocedure 
may involve the immediate administration of 
all of the following EXCEPT

(A)  crystalloid  intravenous flu ids
(B)  furosemide
(C)  hydrocortisone
(D)  sodium bicarbonate
(E)  mannitol

333. An elderly man with urosepsis develops d is-
seminated  intravascu lar coagulation (DIC). 
Which one of the follow ing statements is 
FALSE regard ing DIC?

(A)  DIC is usually due to the abnormal con-
sumption of clotting factors.

(B)  DIC may be treated  with heparin.
(C)  Gram-negative endotoxemia is a com-

mon cause of DIC.
(D)  Abnormalities in laboratory tests 

include a prolonged prothrombin time 
and  decreased  values for platelet count 
and  plasma fibrinogen.

(E)  Regard less of the etiology, therapy of 
DIC is d irected  toward  replacement of 
clotting factors and  inhibition of the 
clotting cascade.

334. A middle-aged man with long-standing hyper-
tension and  chronic renal insufficiency on a 
beta-blocker and  simvastatin requires an intra-
operative angiogram while undergoing a vas-
cu lar p rocedure. What shou ld  be d one to 
d ecrease h is risk of d evelop ing contrast-
induced  acute tubular necrosis?

(A)  Administer a fluid  bolus of normal 
saline prior to the procedure.

(B)  Stop his statin a week before surgery.
(C)  Start a d iuretic on the morning of 

surgery.
(D)  Start a calcium channel blocker immedi-

ately after the procedure.
(E)  Start a beta-blocker at a low dose one 

week before surgery.

335. Which one of the following patients requires 
stress doses of steroids on the day of surgery 
to d rain a postoperative wound  infection a 
week after a partial colectomy for recurrent 
d iverticulitis?

(A)  A patient who uses topical steroids daily 
for eczema on both elbows as needed .

(B)  A patient who uses inhaled  budesonide 
daily in the spring and  fall for allergy-
related  asthmatic symptoms.

(C)  A patient who took oral prednisone for 
three weeks to treat her severe poison 
ivy 9 months ago.

(D)  A patient who was treated  with one 
dose of dexamethasone last week for 
postoperative nausea.

(E)  A patient treated  with steroids for lym-
phoma 3 years ago.

336. Perioperative management of a 47-year-old  
man with carcinoid  syndrome undergoing a 
prostatectomy should  include

(A)  infusion of epinephrine to treat 
bronchospasm

(B)  avoid ing the use of vasopressin to treat 
intraoperative hypotension

(C)  the preferential use of muscle relaxants 
in the benzylisoquinoline class as 
opposed  to those in the steroid  class

(D)  administration of octreotide 
preoperatively

(E)  starting a calcium channel blocker one 
week before surgery

337. All of the following facts about antid iu retic 
hormone (ADH) are true EXCEPT

(A)  release is under control of osmorecep-
tors in the hypothalamus

(B)  release is from the posterior pitu itary
(C)  release is inhibited  by increased  stretch 

of the atrial baroreceptors
(D)  acts on the proximal convoluted  tubule
(E)  causes increased  reabsorption of free 

water from the kidney
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338. A 50-year-old  m an  w ith  long-stand ing 
obstructive sleep  apnea w ho uses a CPAP 
machine intermittently at home and  needs a 
cholecystectomy

(A)  would  benefit from a short-acting ben-
zodiazepine given at bedtime for the 
week before surgery

(B)  should  be kept intubated  and  mechani-
cally ventilated  for the night following 
surgery

(C)  is at high risk for developing postopera-
tive hypoxemia

(D)  would  usually require large doses of 
opioids to treat postoperative pain

(E)  should  completely stop using CPAP for 
a week prior to surgery

339. The perioperative management of a midd le-
aged  man with gout undergoing knee replace-
ment should  include the avoidance of

(A)  local anesthetics in the amide class
(B)  succinylcholine
(C) β-adrenergic antagonists
(D)  hypovolemia
(E)  etomidate

340. Which one of the following abnormalities does 
not cause a hypercoagulable state?

(A)  Factor V Leiden
(B)  Protein S deficiency
(C)  Protein C deficiency
(D)  Antithrombin III deficiency
(E)  Von Willebrand  d isease

341. You are called  to see a 57-year-old  patient in 
the recovery room with a serum potassium 
concentration of 5.9 mEq/ L after a colonic 
resection for colon cancer. Treatment of hyper-
kalemia includes all of the following EXCEPT

(A)  elimination of exogenous sources
(B)  correction of cause of endogenous 

sources

(C)  administration of glucose with insulin
(D)  administration of acid ifying solutions
(E)  administration of calcium gluconate

342. Regard ing a young ad u lt w ith Duchenne 
muscular dystrophy who is to undergo general 
anesthesia, all of the follow ing are true 
EXCEPT

(A)  the patient often has delayed  gastric 
emptying

(B)  the patient has an increased  risk of 
malignant hyperthermia

(C)  the patient can safely receive 
nondepolarizing muscle relaxants

(D)  the patient is usually a difficult intubation
(E)  ineffective cough from diminished  respi-

ratory muscle strength can cause reten-
tion of secretions post-operatively

343. Relatively rare d iseases that are much more 
common in patients with the acquired  immu-
nodeficiency syndrome include all of the fol-
lowing EXCEPT

(A)  pneumonia due to Pneumocystis carinii
(B)  Addison d isease
(C)  infection due to Mycobacterium avium

complex
(D)  B-cell lymphoma
(E)  Kaposi’s sarcoma

344. A 56-year-old  woman with a d iagnosis of the 
syndrome of inappropriate secretion of antid i-
uretic hormone (SIADH) requ ires a mastec-
tomy for recently d iagnosed  breast cancer. 
Findings seen in patients with SIADH includes 
all of the following EXCEPT

(A)  hypernatremia
(B)  low serum osmolality
(C)  excessive renal secretion of sod ium
(D)  normal renal function
(E)  absence of edema
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345. A 26-year-old  man with severe inflammatory 
bowel d isease is being treated  with complete 
bowel rest for several weeks. A nutritionist rec-
ommends parenteral nutrition. All of the fol-
low ing facts abou t p aren teral nu trition 
administered  via a peripheral vein are true 
EXCEPT that peripheral nutrition

(A)  IV catheters should  be changed every 
three days

(B)  has a low incidence of phlebitis if the 
dextrose concentration is kept below 
10%

(C)  uses lip id  as a source of calories
(D)  uses protein as a source of calories
(E)  can be stopped during patient transport 

if it will be restarted  within an hour

346. The blood supply to the liver is by two vessels, 
the hepatic artery and  the hepatic portal vein. 
Which one of the following statements regard-
ing hepatic circulation is correct?

(A)  60% of the blood supply comes from the 
hepatic artery.

(B)  The portal vein provides 90% of the 
oxygen supply.

(C)  Portal vein blood has a higher oxygen 
saturation than the hepatic artery.

(D)  The portal vein supplies the bulk of the 
nutrients to the liver.

(E)  The hepatic artery is more important than 
the portal vein in transporting orally 
administered medications to the liver.

347. A 61-year-old  woman who had  a cadaveric 
kidney transplant seven years ago now pres-
ents for knee replacement surgery. All of the 
following statements about immunosuppres-
sion are correct EXCEPT

(A)  immunosuppression may occur with 
protein–calorie malnutrition

(B)  renal transplant recipients have a higher 
incidence of acute rejection and  immu-
nologic graft loss than recipients of any 
other solid  organ

(C)  opioids induce immunosuppression in 
part by decreasing natural killer cell 
activity and  antibody production

(D)  cyclosporine use after renal transplanta-
tion may cause hypertension, hyperlip-
idemia, and  accelerated  atherosclerosis 
in renal transplant patients

(E)  the most common cause of invasive fun-
gal infections in immunocompromised  
patients is Candida species

348. A 59-year-old  man w ith recent cholangitis 
undergoing an open cholecystectomy under 
general anesthesia d evelops intraoperative 
hypotension unresponsive to vasopressors and  
flu ids. There is no sign of hemorrhage. What 
d rug should  you administer at this point?

(A)  hydrocortisone 100 mg intravenously
(B)  regular insulin 5 units intravenously
(C)  glucagon 1 mg intravenously
(D)  levothyroxine 100 mcg intravenously
(E)  50 mL of 50% glucose intravenously

349. When evaluating renal function in a 75-year-
old  healthy man und ergoing preoperative 
assessment for an elective orthoped ic proce-
dure, one must consider that

(A)  proteinuria is always pathological
(B)  a specific gravity of 1.023 or greater 

demonstrates good concentrating 
function

(C)  BUN elevation is always ind icative of 
renal dysfunction

(D)  less creatinine is produced  by muscular 
persons

(E)  by the eighth decade of life, GFR is 
reduced  by 85% in otherwise healthy 
adults

350. A 40-year-old  woman with no history of d iabe-
tes develops hyperglycemia during abdominal 
surgery. Mechanisms by which blood  glucose 
can increase during surgery include all of the 
following EXCEPT

(A)  intravenous administration
(B)  secretion from the liver secondary to cate-

cholamine-stimulated glycogenolysis
(C)  increased  catecholamine output 

inhibiting glucose uptake by insulin-
dependent tissues
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(D)  increased  catecholamine output stimu-
lating pancreatic insulin secretion

(E)  stress-induced  cortisol release from the 
adrenal cortex

351. All of the following statements about a 47-year-
old  male patient with d iabetes insip idus (DI) 
are correct EXCEPT

(A)  the serum sod ium is high
(B)  the osmolality of the serum is high
(C)  the urine is concentrated
(D)  thirst need  not be present
(E)  pituitary DI is treated with desmopressin

352. A 39-year-old man has been diagnosed with pri-
mary hyperaldosteronism. He is expected  to 
have all of the following manifestations EXCEPT

(A)  excess secretion of hormone from the 
adrenal medulla

(B)  hypertension
(C)  metabolic alkalosis
(D)  hypokalemia
(E)  inability to concentrate urine

353. A 49-year-old  woman with hyperthyroid ism 
due to Graves d isease is having a thyroidec-
tomy. She

(A)  is likely to have an increased  MAC
(B)  is likely to have a palpable nodule
(C)  should  be heavily sedated  in the preop-

erative period
(D)  should  not be treated  with beta blockers 

perioperatively
(E)  should  be pretreated  with iodide one 

hour before surgery

354. A 56-year-old  man with Gilbert syndrome is 
scheduled for a bone marrow harvest for dona-
tion to his sister. Important considerations in 
the perioperative period for this patient should  
include

(A)  avoidance of preoperative sedation
(B)  preoperative transfusion of fresh frozen 

plasma
(C)  preoperative administration of multiple 

antiemetic medications

(D)  recognition of the benign etiology of the 
laboratory abnormality

(E)  liver biopsy for confirmation of the 
d iagnosis

355. A 52-year-old  woman undergoes a total thy-
roidectomy for a toxic goiter. Upon arrival to 
the PACU her temperature is 38°C; all other 
vital signs are normal. Thirty minutes later you 
are called  by the patient’s nurse who tells you 
the patient is now in atrial fibrillation with a 
heart rate of 140. What medication should  you 
order first?

(A)  metoprolol
(B)  amiodarone
(C)  furosemide
(D)  nitroglycerin
(E)  d iltiazem

356. A 20-year-old  African-American woman with 
sickle cell d isease develops severe knee pain 
after pelvic surgery for a tubal pregnancy. She 
tells you this pain is typical of her sickle cell 
crises and  usually responds well to opioids. 
The sickling of red  blood  cells in this patient

(A)  is a reversible process
(B)  occurs when oxygenated  hemoglobin 

molecules precipitate
(C)  impairs the clotting cascade
(D)  may cause infarction in tissues with a 

high oxygen extraction ratio
(E)  may be related  to acute splenic infarc-

tion given her age

357. A 57-year-old  man w ith cirrhosis develops 
hepatorenal syndrome. Regard ing the hepa-
torenal syndrome, all of the following are true 
EXCEPT

(A)  it is associated  with kidneys that are 
normal on biopsy

(B)  type I is an ind ication for urgent liver 
transplantation

(C)  it is associated  with oliguria
(D)  it may be readily diagnosed by the abnor-

malities in urinary sediment analysis
(E)  the prognosis is poor
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358. A 19-year-old  male patient arrives at the hos-
pital with a gunshot wound through the liver 
and  is brought immediately to the operating 
room hypotensive and  still bleed ing heavily. 
He remains hypotensive following fluid  resus-
citation with 3 L of lactated  Ringer solution. 
Fluid  resuscitation should  continue using

(A)  uncrossmatched  O-negative packed  red  
blood cells

(B)  platelets
(C)  5% albumin
(D)  fresh frozen plasma
(E)  cryoprecipitate

359. A 36-year-old  woman with polycythemia vera 
(PV) presents for a d iagnostic laparoscopy as 
part of an infertility work-up. All of the follow-
ing statements about PV are correct EXCEPT

(A)  PV is the most common of the chronic 
myeloproliferative d isorders

(B)  PV is most often d iagnosed  by the inci-
dental find ing of a high hemoglobin and  
hematocrit

(C)  chemotherapy is the usual first line 
treatment for this condition

(D)  if untreated , erythrocytosis causes 
hyperviscosity that can lead  to 
thrombosis

(E)  the goal of treatment in female patients 
is to maintain the hemoglobin level 
<12 g/ dL

360. A 32-year-old  female patient with Sipple syn-
drome (multiple endocrine neoplasia type IIa) 
is scheduled  for a thyroidectomy. Soon after 
induction, hypertension of 210/ 130 is recorded. 
A likely cause for this is

(A)  light anesthesia
(B)  pheochromocytoma
(C)  inadvertent injection of a pressor agent
(D)  hypercarbia
(E)  allergic response to an anesthetic agent

361. A midd le-aged  woman is found  to have a 
p lasma calcium concentration of 11 mg/ dL 
while undergoing a preoperative evaluation 
for an elective cholecystectomy. All of the 

following are true about hypercalcemia in this 
patient EXCEPT

(A)  mild  hypercalcemia as seen in this 
patient is usually asymptomatic

(B)  hypercalcemia decreases renal concen-
trating ability that can cause polyuria 
and  polydipsia

(C)  hypercalcemia can result in bradycard ia 
and  shortened  QT intervals on ECG

(D)  primary hyperparathyroid ism is an 
unlikely cause of her hypercalcemia

(E)   if her parathyroid  hormone level is 
suppressed , she is likely to have an 
underlying malignancy as the cause of 
her hypercalcemia

362. Which one of the following statements is true 
regard ing anion gap?

(A)  An anion gap of 12 mEq/ L is considered  
abnormal.

(B)  Diabetic ketoacidosis is associated  with 
a low anion gap.

(C)  Metabolic acidosis accompanying d iar-
rhea has a normal anion gap.

(D)  Anion gap may be estimated  by 
subtracting the serum chloride 
concentration from the serum sod ium 
concentration.

(E)  Acetazolamide therapy causes increased  
anion gap metabolic acidosis.

363. Factors released  in response to hypovolemia 
include all of the following EXCEPT

(A)  atrial natriuretic peptide
(B)  renin
(C)  antid iuretic hormone
(D)  aldosterone
(E)  arginine vasopressin

364. Physiologic compensation for anemia includes 
all of the following EXCEPT

(A)  increased  plasma volume
(B)  increased  card iac output
(C)  increased levels of 2,3-diphosphoglycerate
(D)  bradycard ia
(E)  increased  minute alveolar ventilation
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365. A few months into her anesthesiology resi-
d ency, a p reviou sly healthy 27-year-old  
woman is d iagnosed  with herpetic whitlow. 
This infectious d isease

(A)  is caused  by the varicella zoster virus
(B)  may be effectively prevented  by wear-

ing gloves

(C)  usually affects the CNS causing 
encephalitis

(D)  is usually acquired  from a need le stick
(E)  is initially treated  with intravenous 

antiviral agents
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Answers  and Explana tions

290.  (E) Stridor occurring twelve hours after thy-
roid ectomy and  accompanied  by signs of 
tetany is most likely due to hypocalcemia due 
to iatrogenic hypoparathyroidism. This patient 
has an airway problem, and  that shou ld  be 
given priority in management. The patient 
should  be observed  and  intubated  if necessary 
to protect the airway. (5:172, 1122)

291.  (D) The patient with chronic renal failure who 
has missed  a scheduled  d ialysis is expected  to 
have u remia, hyperkalemia, hypervolemia, 
and  metabolic acidosis. Platelet function is 
abnormal due to the uremia, which inhibits 
p latelet aggregation, and  a decrease in p latelet 
factor III. The p latelet count shou ld  not be 
abnormal unless there is another coexisting 
problem causing decreased platelet production 
or increased  utilization. (6:2307, 2310-11)

292.  (D) Stored , cold  red  cells leak potassium ion, 
however, the cells avid ly take up potassium 
once they are warmed. The primary electrolyte 
abnorm alities associated  w ith  m assive 
transfusion are those associated  with citrate 
intoxication such as hypocalcemia and  hypo-
m agnesem ia. In  ad d ition, since citrate is 
metabolized  to bicarbonate ion, the resulting 
metabolic alkalosis may lead  to hypokalemia. 
Judicious administration of potassium may be 
required following massive transfusion assum-
ing p reserved  hepatic and  renal function. 
(5:1452)

293.  (C) By the Henderson–Hasselbalch equation, 
pH = pK + log [HCO3

−]/ [H 2CO3]. [H2CO3] may 
be replaced  by PaCO2 × 0.03. With the values 
given , a  bicarbonate concen tration  of 

33.2 mEq/ L is calculated . Therefore, it appears 
that this patient has, at baseline, a metabolic 
alkalosis as a compensatory mechanism for 
chronic respiratory acidosis. In the postopera-
tive period, the respiratory acidosis has become 
worse, possibly as a result of medications that 
d ep ress ventilation  or the su p p lem ental 
oxygen that has d iminished  this patient’s 
hypoxic ventilatory drive. (6:364, 369-71)

294.  (C) Thiamine deficiency is common in mal-
nourished  persons, especially in those who 
rely on alcohol as a source of calories. The 
administration of glucose to such a person may 
cause symptoms of acute thiamine deficiency. 
(6:595)

295.  (E) Vincristine is commonly associated  with 
the development of a peripheral neuropathy. 
(6:699, 703-4)

296.  (D ) At very high blood  levels of ethanol, 
approximately 400 mg/ dL in the nontolerant 
person, apnea is likely. The resulting hypox-
emia may cause seizures and / or ventricular 
arrhythmias. Ethanol causes dose-dependent 
vasodilation; however, blood  pressure is usu-
ally maintained (until hypoventilation leads to 
hypoxemia) because of reflexive increases in 
heart rate and  card iac output. (5:320)

297.  (B) A possible cause of hypotension is acute 
adrenal insufficiency in a patient with suppres-
sion of the p itu itary-ad renal axis. However, 
more likely causes of hypotension during hip 
arthrop lasty includ e hypovolem ia d ue to 
blood  loss, marrow or fat embolus, methyl 
methacrylate-induced  vasodilation, excessive 
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anesthetic depth, or an allergic reaction to an 
antibiotic or other medication. The appropriate 
therapy is dependent upon the etiology. (5:157, 
424, 1280)

298.  (E) This patient’s parenteral nutrition solution 
is too concentrated  to administer via a periph-
eral vein. The immediate concern is hypogly-
cemia resu lting from the high circu lating 
insu lin level that accompanies infusions of 
solutions high in glucose. The administration 
of a 10% glucose solution (the highest concen-
tration recommended by peripheral vein) with 
concurrent regu lar monitoring of the blood 
glucose concentration w ou ld  be the most 
appropriate temporary measure to take during 
the operation. (5:1331)

299.  (B) Hepatitis C, cytomegalovirus, and syphilis 
infections can be transmitted  by blood transfu-
sions, and  infected  patients should  be consid-
ered  able to transmit d isease to health care 
workers who receive parenteral injuries with 
need le or surgical instruments contaminated  
with blood. Similarly, the prion of Creutzfeld t–
Jakob disease is thought to be present in neural 
(and  perhaps other) tissue in infected  patients, 
and  a parenteral injury with a contaminated  
instrument may be a method  of transmission. 
The virus of hepatitis A is shed  in feces, thus a 
possible mode of transmission to a health care 
worker is by the hand -to-mouth route after 
handling fecal-contaminated material. (5:189-90, 
1448-50)

300.  (B) There is no practical system for drug use 
accountability that can prevent the d iversion 
of drugs by an anesthesia care provider. The 
other statements listed  are correct. (5:1621-31)

301.  (B) Scleroderma is associated  with many prob-
lems, but arterial d ilatation is not one of them. 
The arterial p roblem is usually arterial con-
striction. Raynau’s phenomenon is frequently 
seen. (6:2762-6)

302.  (C) Hurler syndrome is associated  with all of 
the options listed . Hypertelorism may be pres-
ent, but it should  not be a factor complicating 
the anesthetic. (6:3192)

303.  (C) Creatinine clearance may be estimated  
accord ing to the following equation:

ClCr ≈ [(140 − age) × weight]/ (Cr × 72),

where age is in years, weight is in kg, and  Cr 
is in mg/ dL. The values obtained  at 20 and  
80 years of age are approximately 117 and  
58 mL/ min, respectively, for patients weigh-
ing 70 kg. (6:334-5)

304.  (E) Albumin is thought to have no risk of 
transmitting viral d iseases such as hepatitis. 
There is a theoretical concern, not proven, that 
prion d iseases (such as Creutzfeld t-Jakob d is-
ease) may be transmitted  via transfusion of 
albumin. (5:539, 1448)

305.  (D ) The p resence of p reexisting coronary 
artery d isease does not automatically ind icate 
a need for preoperative invasive interventions. 
Rather the risks to the patient shou ld  be 
assessed  and  minimized . Orthopedic surgery 
is considered  intermed iate risk. The patient 
has stable card iac d isease and  no history of 
d iabetes or congestive heart failure, two impor-
tant risk factors for perioperative card iac 
complications (PCC). Beta-blockers red uce 
long-term PCC. His statin should be continued. 
(5:104, 109, 112-5)

306.  (C) In the past metformin was stopped up to 
one week preoperatively because of concerns 
about metabolic acidosis. Recent analyses have 
not shown this to be a problem and  metformin 
likely has a role in improving endothelial func-
tion. It is not necessary to stop this drug preop-
eratively. The other statem ents are tru e. 
(5:114-7)

307.  (A) Renal circulation is autoregulated  over a 
wide range of blood pressures. There are many 
neural factors that control the vessel d iameter 
and  the renal blood  flow, including the renin-
angiotensin system. Innervation comes from 
T4 to T12, the vagus, and  the sp lanchnic 
nerves. Ep inephrine also has an influence. 
Prostaglandin E2 causes vasodilatation. (6:2281, 
2294-5)
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308.  (B) In an opioid-naïve person, fentanyl admin-
istered  at a rate of 25 mcg/ h should  not cause 
apnea. However, if fentanyl metabolism by 
CYP3A4 is inhibited , as by clarithromycin, 
then the possibility of apnea becomes likely. 
Although the other mechanisms of death are 
plausible in a person with an acute fracture of 
the ankle, all would  be considered  quite rare. 
(1:505, 1534)

309.  (B) Obese patients shou ld  follow  the same 
fasting gu id elines as non-obese patients. 
Postoperative continuous positive airw ay 
pressure does not increase the risk of major 
anastomotic leakage after gastric bypass sur-
gery. Patients w ith obesity-hypoventilation 
syndrome have an increased  sensitivity to the 
respiratory depressant effects of general anes-
thetics. Succinylcholine d osing shou ld  be 
based  on total body weight. (5:301-9)

310.  (A) Preoperative evaluation of pu lmonary 
patients is meant to gather information to 
allow optimization of the patient’s pulmonary 
status. A detailed  history and  physical exami-
nation is the single most useful tool in the pre-
operative assessment of these patients and  
should  be the basis for decid ing on the neces-
sity for fu rther testing. Recent data suggest 
that spirometry is not an independent predictor 
of postoperative pu lmonary complications. 
(5:135, 687)

311.  (D) Insulin production occurs in the pancreas 
and  not in the liver. Glycogen storage, gluco-
neogenesis, glycogenolysis, and  the conver-
sion of galactose to glucose all take place in the 
liver and  are important to glucose metabolism. 
(6:2520, 2972, 3004)

312.  (C) The shock wave is timed to occur 20 msec 
after the peak of the R wave that corresponds to 
a point during the absolute refractory period. 
Shock wave-induced  dysrhythmias are there-
fore minimized . (5:1141)

313.  (D ) The American College of Card iology/
American Hospital Association guidelines list 
five risk factors associated  with an increased  
risk of perioperative card iac complications. 

These are a history of ischemic heart d isease, 
d iabetes, congestive heart failure and/ or car-
d iomegaly, renal insufficiency, and  cerebrovas-
cular d isease. (5:99, 104-7)

314.  (D) Ascites may be associated  with severe car-
d ioresp iratory sym ptom s. Ascites follow s 
chronic increased  portal vein pressure. It is 
usually accompanied by hyponatremia. Ascitic 
flu id  shou ld  be removed  slow ly to avoid  
hypotension. (6:331-3)

315.  (B) When trying to d iagnose the cause of renal 
failure, one should  obtain a u rine specimen 
before treatment is begun. The urine will be 
concentrated  in the patient with prerenal fail-
ure and  will have a higher specific gravity. The 
u rine need  not be blood-tinged . Oliguria is 
present. (6:336-7)

316.  (C) Patients with myxedema have coarse hair 
and  dry skin. Cold  intolerance and  bradycar-
d ia are p resent. The edema is nonp itting. 
(5:152; 6:2919-20)

317.  (D) Such patients should  be well monitored . 
Too rap id  rep lacement of thyroid  hormone 
may cause myocard ial ischemia. The electro-
card iogram and blood  pressure are not suffi-
cient to monitor flu id  status. (5:153)

318.  (C) It is estimated  that more than a third  of 
hosp italized  eld erly patients su ffer from 
depression. Depression may be related  to d is-
tu rbances in  other system s su ch as the 
hypothalam ic-p itu itary-ad renal axis. (5:81, 
109, 156, 172, 286)

319.  (B) The patien t w ith  pheochrom ocytom a 
should  be well prepared  preoperatively. This 
may take two weeks of α -adrenoceptor block-
ade. These patients are usually hypovolemic. 
While the level of monitoring varies with the 
amount of concurrent illness in the patient, a 
pulmonary artery catheter is not mandatory in 
all cases. (5:158)

320.  (C) The most important goal is to p revent 
hypoglycemia. One can monitor glucose levels 
and  try to keep them in the normal range, but 
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this should  not be done at the risk of hypogly-
cemia. Many regimens can be used  for periop-
erative glucose control. (5:163)

321.  (C) Hypoglycemia may be manifest as sympa-
thetic d ischarge, includ ing hypertension and  
tachycard ia. The skin is cold  and  clammy. 
Ketoacidosis is more likely to occur with insu-
lin deficiency. (6:3005)

322.  (C) Hyperosmolar coma may occur in the 
absence of ketosis. The osmolarity is over 
320 mOsm (normal is about 285 mOsm). The 
condition is seen more often in the elderly and is 
accompanied by polyuria. Treatment is with 
rehydration and small doses of insulin. (5:1114-5)

323.  (E) Insulin pumps deliver insulin subcutane-
ously and  so up take of the d rug may be 
affected  by alterations (usually reductions) in 
tissue perfusion that are commonly encoun-
tered  during the perioperative period . In cer-
tain cases, it may be beneficial to substitu te 
in travenous infu sions of insu lin . (5:1115; 
6:2976, 2979)

324.  (C) One unit of packed  red  cells shou ld  
increase the hemoglobin concentration by 
about 1 g/ dL. Unfortunately, most hemolytic 
transfusion reactions are the result of human 
error. FFP should  be ABO-type compatible but 
does not usually need  to be Rh (D) compatible 
and  a crossmatch is unnecessary. Transfusion 
of FFP should  be guided  by improvements in 
the PT, and  aPTT values; the INR value is used  
solely to guide warfarin therapy. Most transfu-
sions of platelets are to treat thrombocytopenia 
associated  with malignancies. (5:1439, 1442-6)

325.  (B) The symptoms are compatible with carci-
noid  synd rome. The Zollinger-Ellison syn-
d rome is associated  with hypersecretion of 
gastric acid . Pheochromocytoma is associated 
w ith  hypertension and  a catecholamine-
secreting tumor. Peutz-Jeghers syndrome is 
associated  with multiple polyps of the gastro-
intestinal tract. (5:1035)

326.  (E) Decreased plasma albumin levels decrease 
the bound fraction of thiopental and  result in 

a greater fraction of free thiopental. Serum 
gam m a globu lin  is h igher in  cirrhosis. 
Pancuronium has a larger volume of d istribu-
tion; therefore, it is less effective for a given 
dose. Patients with cirrhosis excrete sodium-
poor or sodium-free urine. (5:695-6)

327.  (E) There is no ideal anesthetic technique for 
liver transp lantation, although no class of 
anesthetic drugs is contraindicated . The effects 
of the agents should  be titrated  against the 
patient’s responses. (5:1068-72)

328.  (C) Hypotension is a feature of hypocalcemia. 
Particularly when symptomatic, hypocalcemia 
should  be treated  if total calcium is less than 
7.5 g/ dL. (5:1123)

329.  (D) A patient who has had  a transsphenoidal 
hypophysectomy for acromegaly is likely to be 
lacking all of the hormones of the anterior pitu-
itary (GH, ACTH, TSH, FSH, LH, prolactin). 
The patient probably has been maintained  on 
a glucocorticoid  and  thyroxine, both of which 
should  be given in the perioperative period . 
The posterior p itu itary is usually not removed 
during a transsphenoidal hypophysectomy; 
therefore, the patient is unlikely to requ ire 
vasopressin therapy. (5:1129, 1133)

330.  (E) Glu cocorticoid s, su ch  as p red nisone, 
have a hyperglycem ic effect. N onspecific 
β-adrenergic antagonists, such as propranolol, 
antagonize the hyperglycemic response to 
stress. Hydrochlorothiazide also causes hyper-
glycemia, and  antagonizes the hypoglycemic 
effect of glyburide. Insu lin release from the 
pancreas is stimulated  by β2-adrenergic ago-
nists, and  would  not be affected  by atenolol 
that is sp ecific for the β1-ad renocep tor. 
Inhibitors of angiotensin converting enzyme, 
such as lisinopril, have no effect on glucose 
homeostasis. (5:1116)

331.  (B) Factor IX is not present in cryoprecipitate. 
Treatment of factor IX deficiency (hemophilia B) 
involves transfusion of prothrombin complex 
that contains factors II, VII, IX, and  X. (5:1333)
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332.  (C) In a hemolytic transfusion reaction, the 
immediate goals include maintenance of intra-
vascu lar volume and  increasing u rine flow 
with d iuretics to prevent acute tubular necrosis 
from hemoglobinemia. Alkalinizing the urine 
may decrease the likelihood  of hemoglobin 
precipitation in the renal tubules. There is no 
ind ication for the immediate use of cortisol. 
(5:1441)

333.  (E) DIC has many causes and  the most effec-
tive therapy is to treat the underlying cause, if 
possible. (5:215)

334.  (A) Radiocontrast dye can cause acute kidney 
injury. Hydration before administration of con-
trast lowers the rate of contrast-induced  renal 
failure. (5:1373-4)

335.  (C) Using glucocorticoids at doses exceeding 
5 to 7.5 mg of prednisone or the equivalent for 
three weeks or longer within the last year is 
considered  a risk factor for perioperative adre-
nal insu fficiency. In most cases, top ical or 
inhaled  glucocorticoids do not suppress the 
pitu itary-adrenal axis. (5:1126)

336.  (D) Measures should  be taken to decrease the 
likelihood of a carcinoid  crisis. These include 
giving octreotide to prevent or decrease the 
release of factors by the carcinoid  tumor, and  
avoid ing medications that increase release of 
such factors such as catecholamines and  ben-
zylisoquinoline muscle relaxants such as miva-
curium and  cisatracurium. Vasopressin is the 
p referred  d rug for treating hypotension . 
(5:1035)

337.  (D) ADH release is in response to decreased  
plasma osmolarity detected  by osmoreceptors 
in the hypothalamus. It is also released  in 
response to decreased  tension in the stretch 
receptors in the atrium. ADH is secreted  from 
the posterior p itu itary. The principal effect is 
on the collecting tubules. (5:1127; 6:342, 1903)

338.  (C) The patient with obstructive sleep apnea 
is at high risk for developing postoperative 
hyp oxem ia and  for th is reason  u su ally 
w arrants a longer period  of postoperative 

observation. This is not however an indication 
for routine postoperative intubation and  ven-
tilation. Apneic episodes are more likely in the 
patient who uses nighttime sedatives or alco-
hol. Patients with obstructive sleep apnea are 
also at increased  risk for op ioid -ind uced  
hypoventilation or apnea. (5:64, 68, 134)

339.  (D) Hypovolemia may decrease renal excre-
tion of uric acid  and  increase the risk of an 
acute attack. Although aspirin increases uric 
acid  levels, other COX inhibitors, especially 
indomethacin, are effective in preventing or 
treating an attack. There is no reason to avoid  
succinylcholine or β-adrenoceptor antagonists. 
(6:2820-1, 2838)

340.  (E) Protein C, protein S, and  antithrombin III 
are endogenous anticoagulants. Their deficien-
cies make patients hypercoagulable, as does 
the presence of the abnormal form of factor V 
designated  as factor V Leiden. Von Willebrand  
d isease (vWD) is an autosomal dominant con-
genital d isorder of platelet function caused  by 
a d eficiency of normally functioning von 
Willebrand  factor and  results in a hypocoagu-
lable state that manifests as bleeding episodes. 
(5:209, 214)

341.  (D ) H yperkalemia may be treated  by the 
administration of insu lin and  glucose solu -
tions, eliminating exogenous sources (one of 
the major causes), and  correcting causes of 
endogenous sources. Treatment includes alka-
linizing the blood, not acid ifying it. (5:517-8)

342.  (D) Duchenne muscu lar dystrophy is often 
accompanied by delayed gastric emptying and 
suscep tibility to m alignant hyperthermia. 
N ond epolarizing muscle relaxants may be 
used  if needed . There is no definite association 
with airway d ifficulties. (5:143-4)

343.  (B) The two listed  infections and the two listed  
malignancies are all much more common in 
patients with AIDS. (6:1507, 1531, 1535, 1547-8)

344.  (A) Inappropriate secretion of ADH is some-
tim es seen  after su rgery. The synd rom e 
inclu d es hyp onatrem ia and  low  seru m 
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osmolality. The kidneys excrete an excessive 
amount of sod ium under the influence of 
ADH. Underlying renal function is normal and  
peripheral edema is not part of the syndrome. 
(5:159-60; 6:2908-11)

345.  (E) Parenteral nu trition is very important in 
the p re- and  postoperative care of patients, 
however there may be p roblems associated  
with its use. It can be administered  through a 
peripheral vein, and  the problem with phlebi-
tis is less if the glucose concentration is limited . 
Both lipids and  proteins are used  as sources of 
calories. Sudden cessation of parenteral nutri-
tion can lead to hypoglycemia. (5:1393; 6:617-8)

346.  (D) The liver has a dual blood  supply. The 
hepatic artery supplies only 25% of the blood. 
The oxygen supply is evenly d ivided  by the 
two vessels, even though the portal vein blood  
is less saturated . Most of the nutrients come 
from the portal vein. (6:2520)

347.  (B) Pancreas transp lant recip ients have the 
highest incidence of acute rejection and  immu-
nologic graft loss of all solid  organ transplant 
recipients. (5:243, 713, 1099, 1103)

348.  (A) Relative ad renal insu fficiency occu rs 
when the pitu itary-adrenal axis fails to mount 
a su fficient response to an acute and  severe 
stressor like surgery or infection, despite ade-
quate output when the patient is healthy. In 
such cases, the patient may benefit from exog-
enou s ad m in istration  of corticosteroid s. 
(5:1320, 1366, 1396)

349.  (B) Proteinuria may be normal with exercise 
or stress, and  BUN elevation may occur with a 
high-protein d iet or when there is blood  pres-
ent in the gastrointestinal tract. Creatinine load  
is reduced  by atrophy of skeletal muscle mass. 
By the eighth decade of life, GFR is reduced  by 
one-third  to one-half. (5:168-9, 282)

350.  (D) Blood sugar rises during surgery by many 
m echanism s, includ ing ad m inistration of 
intravenous fluids, secretion from the liver due 
to increased  circu lating levels of catechol-
amines, and  insulin suppression. Uptake into 

the tissues leads to a decrease in blood  sugar. 
(5:163)

351.  (C) In d iabetes insipidus, the serum sodium is 
high and  the serum osmolality is high. The 
urine is d ilu te. In spite of polyuria, thirst need  
not be present. (6:2904-7)

352.  (A) The patient with hyperaldosteronism has 
hypertension and  hypokalemia. The excess 
secretion com es from  the ad renal cortex. 
Alkalosis is present. (5:157; 6:2949-50)

353.  (B) The patient w ith hyperthyroid ism does 
not have an increased MAC. Iodide is given for 
one to two weeks preoperatively to decrease 
thyroid  hormone release and  to decrease the 
vascularity of the gland . Propranolol may also 
be needed  pre- or intraoperatively to manage 
tachycard ia. In contrast to the usual practice of 
many years ago, heavy preoperative sedation 
is no longer necessary. In fact, many patients 
scheduled  for thyroidectomy are admitted  on 
the day of surgery. (5:151-2, 1117-9)

354.  (D) Gilbert syndrome is a common and entirely 
benign cause of unconjugated hyperbilirubine-
mia. Although serum bilirubin levels may rise 
in response to fasting or stress, they are not 
elevated  to hazardous levels. The most impor-
tant measure in the perioperative period  is to 
elicit the history of Gilbert syndrome from the 
patient so that the isolated  abnormality of 
hyperbilirubinemia is not investigated  further. 
(6:2534-5)

355.  (A) In the setting of thyroid -induced  atrial 
fibrillation, the initial d rug ad m inistered  
should  be a beta-blocker. (5:1118)

356.  (D) In sickle cell anemia, the abnormal hemo-
globin molecule precipitates when deoxygen-
ated . When a significant fraction of the 
hemoglobin molecules in a red  cell precipitate, 
the cell irreversibly assumes the sickle shape. 
This alteration in red  cell shape increases blood  
viscosity, decreases microcirculatory flow, and  
causes platelet aggregation and  fibrin deposi-
tion. Tissues w ith a high oxygen extraction 
ratio are at increased risk for infarction because 
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hemoglobin m olecu les are m ore likely to 
become deoxygenated . The spleen is generally 
lost within the first three years of life due to 
repeated  microinfarctions. (6:855-7)

357.  (D) Hepatorenal syndrome, which is accom-
panied  by oliguric renal failure, carries a very 
poor prognosis. Urinary sed iment and  renal 
biopsy are normal. (5:177, 194, 323)

358.  (A) If there is inadequate time to crossmatch 
packed  red  blood  cells, then uncrossmatched  
O-negative red  cells should  be given to expand 
circulating volume and  increase oxygen carry-
ing capacity. The patient might very w ell 
require FFP and platelets if blood loss exceeds 
approximately one blood  volume. There is 
little support in the literatu re for the use of 
albumin in the management of hypovolemic 
shock from trauma. (5:1160)

359.  (C) Polycythemia vera is a clonal d isorder in 
which phenotypically normal red  cells, granu-
locytes, and platelets accumulate in the absence 
of a physiologic stimulus. It is a generally 
indolent d isorder and  first line therapy is peri-
odic phlebotomy. (6:898-900)

360.  (B) The patient w ith Sipp le synd rome w ho 
develops hypertension must be suspected  of 
having a pheochromocytoma. Light anesthesia 
and  hypercarbia should  be quickly ruled  out. 
Allergic reactions are not usually associated  
with hypertension. The inadvertent injection of 
a vasopressor agent may occur but should  be 
easy to ru le out. (5:157-9)

361.  (D) Chronic hypercalcemia is most commonly 
caused  by primary hyperparathyroid ism. The 
second most common etiology is an underly-
ing malignancy. (6:360-1)

362.  (C) Anion gap may be estimated  by subtract-
ing the sum of the serum chloride and  bicar-
bonate concentrations from the serum sodium 
concentration . A norm al valu e is 10 to 
12 mEq/ L. The acidosis that occurs due to 

gastrointestinal loss of bicarbonate ion with 
d iarrhea has a normal anion gap because it is 
accom panied  by hyperchloremia. Diabetic 
ketoacidosis has a high anion gap because of 
the presence of increased  levels of unmeasured  
an ion s su ch  a s  acetoaceta te  an d  
β-hyd roxybu tyrate. Acetazolam id e cau ses 
metabolic acidosis with a normal anion gap. 
(5:171, 461)

363.  (A) Renin is released by the kidney in response 
to sympathetic stimulation or hypotension. 
Renin generates angiotensin I that is converted  
to angiotensin II, a stimulator of aldosterone 
release. Hypovolemia leads to ADH release 
while hypervolemia releases atrial natriuretic 
peptide. Arginine vasopressin is another name 
for ADH. (6:331, 336, 344)

364.  (D) Heart rate and  minute alveolar ventila-
tion initially increase after hemorrhage in 
th e absen ce of volu m e rep lacem en t. 
H yperventilation and  tachycard ia serve to 
increase card iac output that in turn increases 
blood flow to tissues. Acute hemorrhage is also 
associated  with red istribu tion of water from 
the extravascular space into the intravascular 
space. Another compensatory mechanism for 
acute anemia occurs w ithin the erythrocyte; 
red  blood cells can increase their intracellular 
concen tration  of 2,3-d ip hosp hoglycerate 
(2,3-DPG). Increased  levels of 2,3-DPG reduce 
the affinity of hemoglobin for oxygen and  
resu lt in increased  tissue oxygen d elivery. 
(5:198-9)

365.  (B) Herpetic whitlow is a painful infection of 
a finger caused  by the herpes simplex virus. It 
is most commonly acquired  from contact with 
herpetic lesions or respiratory secretions con-
taining virus. The wearing of gloves is highly 
protective. Edema, erythema and tenderness of 
the infected finger, as well as fever and  lymph-
adenitis are common. Oral antiviral medica-
tions are used  as first-line therapy. (6:1064, 
1457, 1461)
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CHAPTER 7

Pharmacology
Ques tions

DIRECTIONS (Questions 366-523): Each of the 
numbered  items or incomplete statements in this 
section is followed  by answers or by completions of 
the statement. Select the ONE lettered  answer or 
completion that is BEST in each case.

366. A 72-year-old female with a past medical his-
tory of osteoporosis underwent open reduction 
and internal fixation of her left hip. She was pre-
viously diagnosed with heparin induced throm-
bocytopenia type II and has a platelet count of 
56,000. Which one of the following agents can 
be administered for immediate postoperative 
prophylaxis of deep vein thrombosis?

(A)  low-molecular-weight heparin
(B)  warfarin
(C)  tirofiban
(D)  unfractionated  heparin
(E)  fondaparinux

367. Drug elimination from the body

(A)  is most efficient for substances with high 
lipid  solubility

(B)  may occur by metabolism
(C)  is usually complete after 2 half-lives
(D)  is usually not modifiable with pharma-

cologic interventions
(E)  is independent of drug binding to blood 

and  tissues

368. Sevoflurane

(A)  can cause hepatotoxicity
(B)  is flammable at a concentration of 6%
(C)  gives poor muscle relaxation

95

(D)  undergoes hepatic metabolism
(E)  causes myocard ial irritability

369. In an 80-kg patient with severe pain, adminis-
tration of thiopental 80 mg will

(A)  produce sleep
(B)  will have analgesic effects
(C)  will have no effect
(D)  will sedate the patient but not induce 

sleep
(E)  will blunt the hemodynamic response to 

painful stimuli

370. Administration of ketamine causes

(A)  decreased  heart rate
(B)  increased  heart rate
(C)  decreased  card iac output
(D)  no change in card iac output
(E)  no change in heart rate

371. Atracurium 0.5 mg/ kg is administered  for 
induction of paralysis in a hemodynamically 
stable, anesthetized  patient as an intravenous 
bolus. Shortly after d rug administration, the 
patient becomes hypotensive. This is most 
likely due to

(A)  adrenoceptor mediated  effects
(B)  ganglionic blockade
(C)  histamine release
(D)  negative inotropic effects
(E)  hemodynamic effects of laudanosine
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372. Rocuronium

(A)  is a ganglionic blocker
(B)  at 4 ×  ED95 causes significant histamine 

release
(C)  may be administered  intramuscularly
(D)  is eliminated  by the kidney
(E)  is not su itable for continuous infusion

373. With regard  to drug metabolism reactions

(A)  the phase I reactions usually involve 
conjugation

(B)  the phase II reactions generally result in 
the loss of pharmacological activity

(C)  they typically lead  to an increased  rate 
of renal tubular reabsorption of the drug

(D)  they usually result in an increase in the 
duration of action of the drug

(E)  they can be d ifferentiated  into three 
d istinct phases

374. Transdermal scopolamine

(A)  will not produce behavioral side effects
(B)  is safe for emesis prophylaxis in 

child ren
(C)  is a muscarinic agonist
(D)  does not cross the blood–brain barrier
(E)  can prevent postoperative nausea in 

adult patients

375. A drug that is a pure opioid  antagonist is

(A)  butorphanol
(B)  levallorphan
(C)  naloxone
(D)  neostigmine
(E)  edrophonium

376. Milrinone

(A)  decreases cyclic-AMP levels
(B)  is metabolized  by monoamine oxidase
(C)  inhibits phosphodiesterase
(D)  is a β -adrenergic agonist
(E)  increases peripheral vascular resistance

377. Bupivacaine

(A)  is an ester local anesthetic with a short 
duration

(B)  should  be used  in a concentration of 
0.75% for epidural anesthesia during 
labor

(C)  is associated  with card iac toxicity due to 
its effect on sod ium channels

(D)  toxicity is not a problem unless it is 
injected  intravenously

(E)  card iotoxicity is noted  by the onset of 
tachycard ia

378. A 23-year-old  male is scheduled  to undergo 
repair of an elbow fracture under u ltrasound 
guided  brachial plexus blockade. With regard  
to choice of local anesthetic, which one of the 
following statements is most accurate?

(A)  Tetracaine is less card iotoxic than 
chloroprocaine.

(B)  The extent of blockade of card iac sod i-
um channels by bupivacaine is 
pred icted  by its local anesthetic potency.

(C)  Chloroprocaine is a suitable choice due 
to its long duration of action.

(D)  The maximum recommended local anes-
thetic dosage for ropivacaine is 3 mg/ kg.

(E)  Lidocaine has a longer duration of 
action as compared  to mepivacaine.

379. Etomidate

(A)  has anticonvulsant activity
(B)  releases histamine
(C)  has analgesic properties
(D)  has an antiemetic effect
(E)  increases intraocular pressure

380. Glucuronide metabolites of medications will 
be excreted  in the urine more rapid ly than the 
parent compounds by which one of the follow-
ing processes?

(A)  tubular secretion
(B)  glomerular filtration
(C)  facilitated  d iffusion
(D)  passive nonionic d iffusion
(E)  tubular reabsorption
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381. The correct ranking of the potencies of the vol-
atile anesthetics, from most potent to least 
potent, is

(A)  sevoflurane > desflurane > isoflurane 
> halothane

(B)  desflurane > sevoflurane > isoflurane 
> halothane

(C)  isoflurane > halothane > desflurane 
> sevoflurane

(D)  halothane > isoflurane > sevoflurane 
> desflurane

(E)  halothane > sevoflurane > desflurane 
> isoflurane

DIRECTIONS: Use the following figure to answer 
Questions 382-383:

log dose

R

e

s

p

o

n

s

e

A

B

382. If A and B are two different medications produc-
ing the same effect, then the figure shows that

(A)  A has higher efficacy than B
(B)  A has lower efficacy than B
(C)  A and B must act via d ifferent receptors 

to produce their effects
(D)  A is more potent than B
(E)  A has a higher ED50 than B

383. If A depicts the dose-response relationship of 
d rug X acting alone, and  B depicts the dose-
response relationship of drug X in the presence 
of d rug Y, then it can be said  that drug Y

(A)  is a competitive antagonist of drug X
(B)  is a noncompetitive antagonist of drug X
(C)  must act via a d ifferent receptor than 

d rug X

(D)  increases the efficacy of drug X
(E)  decreases the potency of drug X

384. A 63-kg patient w ith a history of glaucoma 
who suffered  a second  degree burn of 10% of 
the total body surface area in a motor vehicle 
accident is undergoing surgery for intramed-
u llary nailing of an  op en  tibia fractu re 
18 h after the accident under general endotra-
cheal anesthesia. Induction of anesthesia was 
accomplished  by administration of fentanyl 2 
mcg/ kg, p ropofol 2.5 mg/ kg, and  succinyl-
choline 1 mg/ kg intravenously. Antibiotic pro-
phylaxis consisted  of gentamicin 5 mg/ kg 
intravenously p rior to incision. Prolonged 
duration of neuromuscular blockade after suc-
cinylcholine in this patient w ou ld  be most 
likely due to

(A)  potentiation of the neuromuscular 
blocking effects by gentamicin

(B)  the burn suffered  in the motor vehicle 
crash

(C)  chronic treatment of glaucoma with top-
ical isofluorophate

(D)  prolonged  immobilization

385. Desflurane

(A)  is highly lipid  soluble
(B)  has a MAC of 6% when administered  

with O2

(C)  is highly water soluble
(D)  is not irritating to the airway
(E)  metabolism releases significant quanti-

ties of fluoride ion

386. A patient scheduled  for an emergency proce-
dure gives a history of heroin abuse. A prob-
lem  that m u st be an ticip ated  in  the 
perioperative period  is

(A)  delayed  gastric emptying
(B)  presence of left ventricular hypertrophy
(C)  progressive sensory-motor 

polyneuropathy
(D)  decreased  need  for anesthetics
(E)  increased  sensitivity to catecholamines
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387. Local anesthetics have their effect at the

(A)  presynaptic nerve terminal
(B)  postsynaptic nerve terminal
(C)  GABA receptor
(D)  membrane
(E)  calcium channel

388. The action of propofol after injection is termi-
nated  by

(A)  its elimination unchanged by the 
kidneys

(B)  its biotransformation by the liver
(C)  its being bound  to proteins
(D)  its red istribution
(E)  being taken up in fatty tissues

389. Methohexital

(A)  is metabolized  to a greater extent than 
thiopental

(B)  is converted  to active metabolites
(C)  has a longer terminal half-life than 

thiopental
(D)  causes histamine release from mast cells
(E)  is contraind icated  in asthma

390. The first-pass effect refers to

(A)  the biotransformation of a d rug in its 
vehicle of administration

(B)  the change of a d rug by enzymes in 
muscle

(C)  biotransformation of a d rug as it passes 
through the intestinal mucosa and  liver

(D)  the d rug lost by urinary excretion
(E)  the d rug lost by fecal excretion

391. An expected  card iovascular change after ket-
amine administration is

(A)  elevated  d iastolic pressure, normal sys-
tolic pressure

(B)  elevated  d iastolic and  systolic pressure
(C)  decreased  d iastolic and  systolic pressure
(D)  decreased  d iastolic pressure, increased  

systolic pressure
(E)  no change in blood  pressure

392. A small dose of a nondepolarizing muscle 
relaxant given 3 min before an intubating dose 
of succinylcholine

(A)  increases the dose of succinylcholine 
required

(B)  will not prevent the rise in intracranial 
pressure

(C)  is useful in preventing arrhythmias
(D)  doubles the time to recovery from neu-

romuscular blockade
(E)  permits faster intubation

393. A drug is administered  by bolus intravenous 
injection. Approximately what percentage of 
the d rug remains after four half-lives have 
elapsed?

(A)  1%
(B)  4%
(C)  6%
(D)  10%
(E)  12%

394. Flecainide is

(A)  an antiarrhythmic drug in Class IC
(B)  a lidocaine analog
(C)  a muscle relaxant
(D)  the drug of choice for local anesthesia 

reactions
(E)  administered  only orally

395. The administration of anticholinesterase drugs 
will

(A)  prolong all neuromuscular blockade
(B)  always reverse nondepolarizing agents
(C)  shorten the block of a depolarizing 

agent
(D)  reverse nondepolarizing agents if the 

p lasma concentration of the drug is low 
enough

(E)  reverse the action of a depolarizing 
agent if only partial paralysis is present

396. A patient is admitted  for emergency orthope-
d ic surgery. Preliminary data show  a BUN 
value of 85 mg/ dL and  serum potassium of 
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6.0 mEq/ L. The least desirable drug for intuba-
tion would  be

(A)  rocuronium
(B)  vecuronium
(C)  cisatracurium
(D)  mivacurium
(E)  pancuronium

397. The most sensitive test to determine adequate 
recovery from neuromuscular blockade is

(A)  five-second head  lift
(B)  five-second hand grip
(C)  inspiratory force
(D)  tactile response to double-burst 

stimulation
(E)  tactile response to train-of-four

398. A patient who had  been given vecuronium 
received  neostigmine, 3 mg, at the termination 
of the surgical procedure. Six minutes later, a 
large amount of white, frothy secretions was 
noted  in the endotracheal tube. Vigorous suc-
tioning was required  to remove these secre-
tions in order to ventilate the patient. The 
treatment of choice for such secretions is

(A)  atropine
(B)  d igoxin
(C)  more neostigmine
(D)  readministration of vecuronium
(E)  use of a ventilator

399. Heparin inhibits blood  coagulation

(A)  by binding calcium ions
(B)  through interactions with protamine
(C)  by activating antithrombin III
(D)  by activating plasmin
(E)  by activating von Willebrand factor

400. The patient with myasthenia gravis

(A)  has normal reactions to muscle relaxants
(B)  reacts abnormally to relaxants only 

when the condition is not well 
controlled

(C)  has decreased  sensitivity to nondepolar-
izing relaxants

(D)  has an increased  sensitivity to nondepo-
larizing relaxants

(E)  has an increased  sensitivity to depolar-
izing relaxants

401. Labetalol

(A)  is a nonselective α-adrenergic receptor 
blocker

(B)  has intrinsic sympathomimetic activity 
at β 2-adrenergic receptors

(C)  undergoes significant placental transfer 
and  should  not be used  in pregnancy

(D)  has a potency ratio of β−  to α− adrenergic 
blockade of approximately 10:1

(E)  is a short acting, selective β 1-adrenergic 
receptor blocker

402. Physostigmine

(A)  may be used  for the treatment of central 
anticholinergic syndrome

(B)  does not cross the blood–brain barrier
(C)  is less effective than neostigmine in 

treating emergence delirium
(D)  is the drug of choice for reversal of the 

sedative effect of benzodiazepines
(E)  often produces an uncomfortably d ry 

mouth

DIRECTIONS: Use the following scenario to answer 
Questions 403-408. Many patients are unaware of the 
reasons for which they are taking their medications. 
When provided with a list of medications by a 
patient, an anesthesiologist must be able to recognize 
the medications and know the likely pathological 
states for which the medications are indicated . For 
Questions 403-408, a medication is followed by five 
diseases or pathological states. Choose the ONE dis-
ease for which the medication may be indicated.

403. Lisinopril

(A)  panic d isorder
(B)  hypertension
(C)  paroxysmal supraventricular 

tachycard ia
(D)  premature ventricular contractions
(E)  hyperthyroid ism
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404. Amiodarone

(A)  Wolff-Parkinson-White syndrome
(B)  hyperthyroid ism
(C)  angina pectoris
(D)  pulseless electrical activity
(E)  ventricular tachycard ia

405. Fexofenadine

(A)  hay fever
(B)  insomnia
(C)  schizophrenia
(D)  chronic pain
(E)  inflammatory bowel d isease

406. Budesonide

(A)  deep venous thrombosis
(B)  control of asthma
(C)  claudication
(D)  angina pectoris
(E)  atrial fibrillation

407. Dofetilide

(A)  muscle spasticity
(B)  trigeminal neuralgia
(C)  atrial fibrillation
(D)  peripheral edema
(E)  insomnia

408. Allopurinol

(A)  systemic lupus erythematosus
(B)  gout
(C)  osteoarthritis
(D)  rheumatoid  arthritis
(E)  psoriatic arthritis

409. A 42-year-old  female with a BMI of 32 and  a 
history of severe postoperative nausea and  
vomiting (PONV) is scheduled  for a laparo-
scopic cholecystectomy for symptomatic cho-
lelithiasis. Your anesthetic p lan includes the 
administration of a 5-HT3 receptor antagonist 
and  droperidol for the prevention of PONV. If 
you were to add  a third  agent, the most useful 
d rug would  be

(A)  metoclopramide
(B)  prochlorperazine
(C)  famotid ine
(D)  dexamethasone
(E)  ephedrine

DIRECTIONS: Use the following figure to answer 
Questions 410-411:

A  B

410. The train-of-four stimulus is depicted  in the 
figure. Stimulation is at 2 Hz. The response in 
A is normal. By looking at B, you know that

(A)  a depolarizing block is present
(B)  the patient is partially paralyzed
(C)  the patient is partially paralyzed , but 

one would  need  a baseline record ing to 
know how much

(D)  the train-of-four ratio is 50%
(E)  the patient could  sustain a head  lift

411. The train-of-fou r ratio for a d epolarizing 
block is

(A)  variable
(B)  50%
(C)  60%
(D)  75%
(E)  100%

412. Propofol as compared  to thiopental

(A)  is less likely to provoke bronchospasm
(B)  if administered  in equipotent doses for 

induction of anesthesia causes less 
reduction in systemic blood pressure

(C)  causes adrenal suppression after pro-
longed infusion

(D)  has no effect on cerebral metabolic rate
(E)  does not cause excitatory motor activity
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413. Verapamil

(A)  increases myocard ial contractility
(B)  is a β -adrenergic antagonist
(C)  is poorly bound to plasma protein
(D)  may produce AV-block when combined  

with volatile anesthetics
(E)  belongs to the class of d ihydropyrid ines

414. Lepirud in and  argatroban exert their antico-
agulant effect by

(A)  vitamin K antagonism
(B)  inhibition of p latelet aggregation
(C)  glycoprotein IIb/ IIIa inhibition
(D)  increasing the rate of the thrombin-

antithrombin reaction
(E)  d irect thrombin inhibition

415. If a patient is taking a monoamine oxidase 
(MAO) inhibitor, which one of the following 
should  be avoided?

(A)  local anesthetics
(B)  halothane
(C)  vecuronium
(D)  meperid ine
(E)  aspirin

416. The most common electrolyte alteration caused  
by the thiazide d iuretics is

(A)  hypokalemia
(B)  hypoglycemia
(C)  hyperchloremia
(D)  hypernatremia
(E)  hyperuricemia

417. Nifedipine

(A)  is quite effective in supraventricular 
tachycard ia

(B)  is used  for the treatment of ischemic 
heart d isease

(C)  has a half-life of 30 min
(D)  is a peripheral vasoconstrictor
(E)  is an effective d rug for ventricular 

tachycard ia

418. The interaction of protamine and  heparin to 
terminate anticoagulation is of

(A)  competition for binding sites
(B)  a chemical interaction leading to an 

inactive compound
(C)  pH change
(D)  a conformational change
(E)  platelet stimulation

419. Epinephrine causes a prolongation of activity 
of local anesthetics by

(A)  chemical interaction
(B)  decreasing absorption
(C)  altered  protein binding
(D)  competition for binding sites
(E)  altered  metabolism

420. The combination of nitrous oxide at 0.5 MAC 
plus isoflurane 0.5 MAC is one of

(A)  antagonism
(B)  potentiation
(C)  additive effect
(D)  synergism
(E)  no effect

421. Glycopyrrolate

(A)  is a quaternary amine
(B)  crosses the blood–brain barrier with 

ease
(C)  is associated  with the central cholinergic 

syndrome
(D)  is a cholinergic agonist
(E)  is a naturally occurring belladonna 

alkaloid

422. Lidocaine

(A)  is eliminated  chiefly by the liver
(B)  is effective orally
(C)  is toxic at levels over 1 mcg/ mL
(D)  toxicity is noted  by the appearance of 

hematuria
(E)  is useful in supraventricular tachycard ia
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423. The interaction of phenobarbital and  phenyt-
oin can be described  as one of

(A)  chemical interaction
(B)  interaction at site of absorption
(C)  altered  protein binding
(D)  competition for binding sites
(E)  altered  metabolism

424. Midazolam

(A)  is contraindicated  in the child
(B)  is shorter-acting than thiopental
(C)  is associated  with less frequent venous 

irritation than d iazepam
(D)  suppresses adrenal cortical function
(E)  has a high incidence of histamine 

release

425. The patient who has recently abused  cocaine

(A)  will be calm and sedated
(B)  may be treated  with propranolol
(C)  exhibits signs of sympathetic blockade
(D)  will have bradycard ia
(E)  will have hypotension

426. The methylxanthine group of drugs

(A)  includes caffeine
(B)  have a strong β 1-adrenergic mimetic 

effect
(C)  stimulates production of phosphodies-

terase
(D)  causes bronchoconstriction
(E)  leads to a decrease in cyclic AMP

427. Sublingual drug administration

(A)  leads to lower drug levels compared  to 
oral administration

(B)  is more effective for ionized  drugs
(C)  circumvents the first-pass effect
(D)  leads to rapid  liver breakdown of the 

drug
(E)  requires a much larger dose for 

effectiveness

428. Metoclopramide

(A)  is a dopaminergic agonist
(B)  decreases gastric acid  secretion
(C)  stimulates motility of the upper gastro-

intestinal tract
(D)  may lead  to vomiting
(E)  leads to an ileus and  increased  small 

intestinal transit time

429. A patient is scheduled  for surgery who is a 
Jehovah's Witness. She adamantly refuses to 
receive blood  products. The p rocedure may 
require volume rep lacement. A product that 
may be used  is

(A)  5% albumin
(B)  washed  red  cells
(C)  autologous blood
(D)  hetastarch
(E)  platelets to decrease bleeding, thus mak-

ing transfusion unnecessary

430. A 21-year-old female is emergently taken to the 
operating room for exploratory laparotomy after 
sustaining multiple injuries including a grade 
4 splenic rupture in a high-speed motor vehicle 
accident. Upon transfer to the operating room 
table, the patient is noted to have pulseless ven-
tricular fibrillation, and cardiopulmonary resus-
citation accord ing to ACLS gu idelines is 
initiated. Despite resuscitation according to pro-
tocol including the administration of epineph-
rine intravenously, the patient remains in 
ventricular fibrillation. Which one of the follow-
ing drugs or procedures is recommended as an 
alternative to epinephrine in this setting?

(A)  phenylephrine 80 mcg IV push
(B)  adenosine 6-12 mg IV push
(C)  vasopressin 40 U IV push
(D)  sod ium bicarbonate 50 mEq IV push
(E)  overdrive pacing with isoproterenol

431. Edrophonium, in a dose of 1 mg/ kg

(A)  has a slower onset time than 
neostigmine

(B)  has a much shorter duration than 
neostigmine
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(C)  has greater muscarinic side effects than 
neostigmine

(D)  has a faster onset and  decreased  dura-
tion than neostigmine

(E)  should  be preceded  by atropine

432. Sodium nitroprusside is to be used  for treat-
ment of intraoperative hypertension. This drug

(A)  causes venous d ilatation only
(B)  will be needed  in increased  doses if the 

patient has been previously treated  with 
propranolol

(C)  may cause cyanide toxicity in high 
doses, evidenced  by alkalosis and  
increasing d rug dosage needed  to 
achieve the same result

(D)  may cause acidosis as a sign of toxicity
(E)  may cause a toxicity that is evidenced  

by an acidosis that is responsive to 
sodium bicarbonate

433. Postoperative pain control with methadone

(A)  is limited  by its short half-life
(B)  is more effective with oral 

administration
(C)  is used  on an every-2-h regimen
(D)  may take 48 h to obtain a stable effect
(E)  does not depress respiration

434. Dopamine

(A)  is a transmitter confined  to the central 
nervous system

(B)  stimulates dopaminergic receptors only 
at an infusion rate of 10 mcg/ kg/ min

(C)  decreases renal blood  flow
(D)  increases card iac output by stimulating 

β 1-adrenergic receptors
(E)  decreases pulmonary artery pressure

435. A patient has undergone a laparotomy for a 
bowel obstruction. A rapid  sequence induction 
w as perform ed  using succinylcholine for 
muscle relaxation, and  pancuronium was sub-
sequently given. Neuromuscular blockade was 

reversed  with neostigmine. A few  minu tes 
after extubation, the su rgical d ressing is 
stained  with blood  and  the surgeon decides 
that the wound  must be reexplored . If another 
rapid  sequence induction is to be performed,

(A)  succinylcholine will be ineffective
(B)  succinylcholine will lead  to severe 

hyperkalemia
(C)  succinylcholine will be effective, however 

the time of onset will be delayed
(D)  succinylcholine will be effective, 

however its duration will be prolonged
(E)  succinylcholine will behave as it d id  

during the first rapid  sequence induc-
tion in this patient

436. Drug clearance

(A)  is solely a function of volume of 
d istribution

(B)  is a function of age
(C)  is independent of protein bind ing of a 

drug
(D)  is dependent on drug concentration
(E)  may be due to elimination of an 

unchanged drug

437. Pharmacotherapy with cimetid ine may impair 
the metabolism of which one of the following 
drugs?

(A)  atracurium
(B)  dopamine
(C)  remifentanil
(D)  lidocaine
(E)  succinylcholine

438. Glucagon produces all of the following effects 
EXCEPT

(A)  increased  insulin secretion
(B)  inotropic card iac effects
(C)  relaxation of gastrointestinal smooth 

muscle
(D)  increased  hepatic gluconeogenesis
(E)  increased  lipolysis in ad ipose tissue
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439. Which one of the following statements regard-
ing injectable benzodiazepines is most accurate?

(A)  They significantly induce the synthesis 
of hepatic CYP isozymes.

(B)  Administration of benzodiazepines is 
safe in patients with acute intermittent 
porphyria.

(C)  They should  be avoided  in patients with 
a history of MH.

(D)  They exert their therapeutic effect by 
increasing chloride conductance and  
hyperpolarizing membranes.

(E)  Excessive sedation following IV admin-
istration of benzodiazepines should  be 
antagonized  with IV naloxone.

DIRECTIONS: Use the following figure to answer 
Questions 440-442:

Time (hr)
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440. The figure shows the blood concentration of a 
drug as a function of time after an intravenous 
bolus of 400 mg. The volume of d istribution of 
this medication in the central compartment is

(A)  5 L
(B)  8 L
(C)  10 L
(D)  12 L
(E)  15 L

441. The red istribution half-life for this d rug is

(A)  5 min
(B)  10 min
(C)  15 min
(D)  20 min
(E)  30 min

442. The terminal half-life for this drug is

(A)  1 h
(B)  2 h
(C)  3 h
(D)  4 h
(E)  5 h

443. A patient who has had  surgical ablation of the 
pitu itary gland  is scheduled  for surgery. She is 
on desmopressin twice daily. The drug

(A)  may be given intravenously during the 
procedure

(B)  may lead  to hypotension
(C)  has a half-life of a few minutes in the 

circulation
(D)  is equally effective in nephrogenic d ia-

betes insipidus
(E)  may increase blood loss at the time of 

surgery

444. Hydralazine

(A)  is a vasod ilator due to its catecholamine 
inhibitor properties

(B)  may cause bradycard ia
(C)  may lead  to a lupus-like syndrome
(D)  leads to d iuresis and  sodium loss
(E)  has beneficial effects in patients with 

angina

445. An age-related  d ifference in drug response in 
the elderly is

(A)  increase in MAC
(B)  decreased  rate of hepatic glucuronida-

tion of morphine
(C)  lower required  induction dose of 

thiopental
(D)  shorter recovery time to normal ventila-

tory response after fentanyl
(E)  lower intubating dose of vecuronium

446. Nonparticulate antacid  administration

(A)  should  be given 3 h before surgery
(B)  decreases gastric volume
(C)  may lead  to pulmonary d istress if aspi-

ration occurs
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(D)  has a lag time of 1 hour for effectiveness
(E)  is aimed  at raising the pH to at least 2.5

447. A d rug that is a m ixed  op ioid  agonist–
antagonist is

(A)  butorphanol
(B)  naloxone
(C)  bleomycin
(D)  methohexital
(E)  midazolam

448. Patients with alcohol abuse

(A)  will have increased  anesthetic require-
ments in the acute state of intoxication

(B)  will have reduced  anesthetic require-
ments in the chronic abuse state

(C)  will develop tolerance to its CNS effects 
with chronic usage

(D)  will develop tolerance to its respiratory 
effects with chronic usage

(E)  are more resistant to the toxic effects of 
local anesthetics

449. A 24-year-old  patient is undergoing brachial 
plexus blockade for open reduction and  inter-
nal fixation of a forearm fracture. After injec-
tion of 30 mL of local anesthetic, blood  is 
asp irated  th rou gh  the in jection  need le. 
Assuming significant inadvertent intravascu-
lar injection, which one of the following agents 
is least likely to cause Local Anesthetic 
Systemic Toxicity (LAST)?

(A)  tetracaine
(B)  chloroprocaine
(C)  ropivacaine
(D)  lidocaine
(E)  mepivacaine

450. The pKa of mepivacaine is 7.6. At physiologic 
pH (7.4), what percentage of mepivacaine mol-
ecules are in the uncharged  form?

(A)  3.9%
(B)  6.1%
(C)  39%

(D)  61%
(E)  100%

451. If a patient presenting for emergent craniot-
om y has increased  in tracranial p ressu re, 
which one of the following techniques is most 
likely to resu lt in a net decrease in intracranial 
pressure by virtue of reducing cerebral blood  
flow?

(A)  A combination of halogenated  
inhalational anesthetics with nitrous 
oxide

(B)  Hyperventilation combined  with a bal-
anced  anesthetic technique including 
the use of opioids

(C)  Ketamine bolus for induction 
followed  by continuous infusion, com-
bined  with a halogenated  inhalational 
anesthetic

(D)  Administration of a dobutamine
(E)  Administration of phenylephrine

452. In the d istribu tion phase of an intravenous 
drug,

(A)  the delivery of the drug to tissues is 
independent of blood  flow

(B)  highly charged , lipid-insoluble d rugs 
d istribute to the vessel-rich group 
of  tissues because of poor uptake 
by fat

(C)  d istribution to the vessel-poor group of 
tissues is facilitated  by binding to 
plasma proteins

(D)  the interstitial concentration of the d rug 
is affected  by the pH of the interstitial 
flu id

453. The loading dose of a drug

(A)  is calculated  based  on the central vol-
ume of d istribution (Vc)

(B)  is designed  to achieve immediate 
steady-state plasma concentration

(C)  is not affected  by the bioavailability (F) 
of the drug

(D)  may lead  to undesirable effects
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454. Which one of the following statements about 
amiodarone is true ?

(A)  It is the drug of choice for the treatment 
of Wolff-Parkinson-White (WPW) 
syndrome.

(B)  It is considered  the most effective of the 
antiarrhythmic d rugs for the prevention 
of recurrences of atrial fibrillation.

(C)  Hypotension does not occur with intra-
venous administration.

(D)  It should  be avoided  in the patient with 
refractory ventricular fibrillation and  
tachycard ia.

(E)  Drug toxicity during oral loading 
regimes is common, and  mostly affects 
the kidneys.

455. A 78-year-old  patient with past medical history 
of chronic renal insufficiency and  congestive 
heart failure is admitted  to the intensive care 
unit with symptoms of nausea, visual d istur-
bances, confusion, and  sinus bradycard ia. The 
patient is unable to give a reliable history 
includ ing medication regimen. Based  on the 
patients' presentation, the drug most likely to 
cause these symptoms is

(A)  amiodarone
(B)  quinid ine
(C)  triazolam
(D)  carved ilol
(E)  d igoxin

456. The decrease in cerebral metabolic rate caused  
by inhaled  anesthetics is

(A)  more pronounced  with isoflurane as 
compared  to sevoflurane

(B)  independent of dose
(C)  associated  with a decrease in cerebral 

electrical activity
(D)  present during seizure activity
(E)  due to vasoconstriction and  resulting 

decreased  cerebral blood  flow

457. A patient has been on oral steroid  therapy for 
a dermatologic problem for two years. She is to 
undergo a cholecystectomy. In order to prevent 
second ary ad renal insu fficiency, the m ost 

appropriate approach to perioperative steroid  
coverage w ou ld  include w hich one of the 
following?

(A)  hydrocortisone 100 mg PO at the time of 
oral benzodiazepine premedication

(B)  50-75 mg hydrocortisone IV at the time 
of induction

(C)  50-75 mg hydrocortisone IV at the time 
of induction, followed by a rapid  taper 
back to the usual dose

(D)  25 mg hydrocortisone IV at the time of 
induction

(E)  100-150 mg hydrocortisone IV at the 
time of induction, followed  by a rapid  
taper back to the usual dose

458. A 78-kg, 36-year-old  patient is undergoing 
saphenous vein stripp ing of her left lower 
extremity. After uneventful induction of gen-
eral anesthesia w ith  p lacem ent of LMA, 
cefazolin 2 gm IV is being administered , when 
there is a sudden increase in airway pressure, 
wheezing, tachycard ia, and  decreased  blood  
pressure. In add ition to stopping infusion of 
cefazolin, an IV fluid  bolus, and  administra-
tion of 100% oxygen, which one of the follow-
ing actions is most appropriate?

(A)  administration of IV glucocorticoid  and  
phenylephrine

(B)  administration of subcutaneous epi-
nephrine and  IV glucocorticoid

(C)  administration of d iphenhydramine and  
ephedrine

(D)  administration of IV epinephrine and  
IV glucocorticoid

(E)  administration of IV dopamine and  
IV glucocorticoid

459. A 37-year-old  patient with a history of chronic 
alcohol abuse is admitted  to the hospital for 
palp itations. On exam ination, the patient 
appears weak and  malnourished , and  is com-
p laining abou t m uscle cram ps. An ECG 
obtained  is significant for polymorphic ven-
tricular tachycard ia with QT prolongation. An 
electrolyte panel obtained from a venous blood  
draw will most likely show which one of the 
following electrolyte abnormalities?
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(A)  hypochloremia
(B)  hypocalcemia
(C)  hyponatremia
(D)  hyperkalemia
(E)  hypomagnesemia

460. Opioid  agonists produce

(A)  d ilated  pupils
(B)  nausea and  vomiting mediated  through 

the gastrointestinal tract
(C)  good amnesia
(D)  unconsciousness at high doses

461. A drug suitable for the patient with hyperthy-
roid ism is

(A)  amiodarone
(B)  propranolol
(C)  levothyroxine
(D)  aspirin

462. Inhalational anesthetic-med iated  coronary 
“steal”

(A)  results in a higher incidence of perioper-
ative ischemia when isoflurane is used  
in patients with coronary artery d isease

(B)  involves the d iversion of blood flow 
away from areas of fixed  stenotic lesions

(C)  is a common problem under desflurane 
anesthesia

(D)  is associated  with increased  postopera-
tive mortality

(E)  is a common problem under sevoflurane 
anesthesia

463. Corticosteroid s given for the treatment of 
asthma

(A)  have an immediate onset of action
(B)  are best given by the inhalation route to 

decrease onset time
(C)  have no use in the anesthetized  patient
(D)  should  involve only those drugs with 

little mineralocorticoid  effect
(E)  are less effective in controlling inflam-

mation as compared  to inhaled  
β 2-agonists

464. An anesthetic agent with a prolonged duration 
of action in patients with renal failure is

(A)  pancuronium for intubation
(B)  fentanyl for analgesia
(C)  maintenance of anesthesia with 

isoflurane
(D)  propofol for induction
(E)  etomidate for induction

465. Ionization of a d rug

(A)  is affected  by volume of d istribution
(B)  is independent of the pKa of the drug
(C)  is described  by the Michaelis-Menten 

equation
(D)  does not affect the ability of the d rug to 

cross membranes
(E)  is a function of pH of the flu id  in which 

it is d issolved

466. A pharm acologic d ifference in  the obese 
patient as compared  to the lean patient is a(n)

(A)  decreased  degree of metabolism of 
isoflurane

(B)  decreased  terminal half-life of thiopental
(C)  increased  volume of d istribution of 

midazolam
(D)  prolonged  duration of action of 

succinylcholine
(E)  increased  volume of d istribution of 

d igoxin

467. Granisetron exerts its therapeu tic effect via 
which one of the following mechanisms?

(A)  blockade of 5-HT3 receptors in the 
chemoreceptor trigger zone

(B)  histamine H 2-receptor antagonism
(C)  blockade of dopaminergic receptors in 

the chemoreceptor trigger zone
(D)  histamine H 1-receptor antagonism
(E)  neurokinin receptor antagonism
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468. A patient with acute intermittent porphyria

(A)  voids urine containing uroporphyrins 
that are pathognomonic for the d isease

(B)  will likely suffer a card iac arrest if 
administered  thiopental for induction of 
anesthesia

(C)  will have urine negative for 
porphobilinogen

(D)  may be given morphine safely

469. A patient who has been treated  in the past with 
high doses of cisplatin may have which one of 
the following permanent problems?

(A)  pulmonary fibrosis
(B)  chronic pancreatitis
(C)  peripheral neuropathy
(D)  congestive heart failure
(E)  hepatic cirrhosis

470. A comparison of d issociative and  inhalational 
anesthesia shows that

(A)  the relaxed , nonresponding state is 
present in each

(B)  there is decreased  muscle tone in each
(C)  the presence of movement is a sign of 

insufficient dosage in each
(D)  the eyes may remain open during d isso-

ciative anesthesia
(E)  complete unconsciousness is a hallmark 

feature of d issociative anesthesia

471. A patient is suspected  to have had  an allergic 
reaction to an injection of lidocaine obtained  
from a multip le dose vial. Which one of the 
following statements is most accurate?

(A)  The patient will probably have a reaction 
if a second injection is made with lido-
caine from a fresh, single-dose vial.

(B)  The patient may be exhibiting a reaction 
to methylparaben.

(C)  The risk of an allergic reaction to 
procaine in the same individual is low.

(D)  The patient is probably reacting to a 
bacterial contaminant previously 
introduced  into the vial.

(E)  The reaction may be avoided  by 
addition of a vasoconstrictor.

472. Captopril

(A)  activates angiotensin-converting 
enzyme

(B)  increases levels of angiotensin II
(C)  decreases venous capacitance
(D)  decreases arteriolar resistance
(E)  increases card iac contractility

473. Drug antagonism

(A)  may occur when two drugs chemically 
combine in the body

(B)  occurs when two drugs affect a physio-
logic system in a similar way

(C)  is considered  competitive when a drug 
with affinity for a receptor, and  intrinsic 
efficacy competes with the agonist for 
the primary binding site

(D)  may occur when two drugs d isplace the 
dose-response curve in the same 
d irection

(E)  when competitive, will decrease the 
maximal response of the agonist on the 
dose-response curve

DIRECTIONS: Use the following scenario to answer 
Questions 474-476: A 46-year-old , 63-kg woman 
enters the hospital for correction of strabismus. She 
has been using echothiophate iod ide d rops for 2 
years. She undergoes induction of anesthesia with 
propofol 2.5 mg/ kg and  succinylcholine 1 mg/ kg is 
given to facilitate intubation. Anesthesia is main-
tained  w ith 70% N 2O in O2 and  fentanyl 
1 mcg/ kg. During the procedure she is mechani-
cally ventilated , and  no untoward  effects occur 
during the case. At the end  of the surgery, the 
patient does not awaken and  does not move or 
breathe.

474. The most likely cause of the apparent p ro-
longed anesthesia is

(A)  fentanyl overdose
(B)  prior use of echothiophate iod ide
(C)  effects of succinylmonocholine
(D)  effect of nitrous oxide
(E)  propofol overdose
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475. A maneuver that can be done to ascertain the 
cause of the prolongation is

(A)  use of a nerve stimulator
(B)  inhalation of carbon d ioxide
(C)  administration of flumazenil
(D)  administration of another dose of 

succinylcholine

476. Application of a nerve stimulator reveals that 
the patient has no twitch or tetanic response to 
nerve stimulation. Opioid  antagonism with 
naloxone is attempted  without response. The 
appropriate intervention is

(A)  administration of pralidoxime
(B)  ad ministration of a stim u lant 

(e.g., ep inephrine)
(C)  administration of neostigmine
(D)  continued  ventilation
(E)  administration of physostigmine

477. Intramuscular injection

(A)  into the gluteus maximus permits a 
more rapid  onset than if the drug were 
injected  into the deltoid  muscle

(B)  permits a more rapid  onset than after 
subcutaneous injection

(C)  results in the same rate of drug absorp-
tion between males and  females

(D)  cannot be used for nonaqueous solutions
(E)  avoids first-pass elimination in the lung 

prior to distribution to the rest of the body

478. When reversing nondepolarizing neuromus-
cular blockade,

(A)  atropine should  be given at the same 
time as neostigmine

(B)  glycopyrrolate should  be given at the 
same time as edrophonium

(C)  neostigmine should  be titrated  until 
reversal is complete, up to a maximum 
dose of 200 mcg/ kg

(D)  lack of fade during double-burst 
stimulation is a good indicator of 
sufficient muscular function to permit 
endotracheal extubation

(E)  a TOF ratio =  0.7 ind icates complete 
recovery of pharyngeal function

479. A 24-year-old  female, G1 P0, with a history of 
CHF is presenting for cesarean section at 
36 weeks gestation. Rapid sequence intubation 
facilitated by fentanyl, propofol, and succinyl-
choline is performed. Shortly after successful 
intubation of the trachea, the patient suffers car-
diac arrest. The underlying disease most likely 
implied as the cause of the cardiac arrest is

(A)  myasthenia gravis
(B)  Duchenne muscular dystrophy
(C)  hypokalemic periodic paralysis
(D)  Charcot-Marie-Tooth d isease
(E)  myotonic dystrophy

480. The neuroleptic state is characterized  by

(A)  amnesia
(B)  increased  motor activity
(C)  ind ifference to the environment
(D)  analgesia
(E)  loss of consciousness

481. Which one of the follow ing agents has the 
highest propensity for producing carbon mon-
oxide during inhalational anesthesia?

(A)  isoflurane
(B)  halothane
(C)  sevoflurane
(D)  desflurane
(E)  enflurane

482. Two drugs are said  to have an add itive effect 
when

(A)  one d rug will accelerate the speed  of 
onset of the other

(B)  one d rug will prolong the action of the 
other

(C)  both d rugs are of the same chemical 
family

(D)  the combined  effect of the two drugs is 
the algebraic sum of the ind ividual 
actions

(E)  the combined effect of the two drugs 
exceeds the sum of each drug given alone
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DIRECTIONS: Use the following figure to answer 
Question 483:

Time (min)
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483. The figure shows the ratio of the concentra-
tions of sevoflurane in alveolar gas to inspired  
gas as a function of time. A factor that w ill 
increase the initial slope is

(A)  presence of nitrous oxide in inspired  gas
(B)  decreased  inspired  sevoflurane 

concentration
(C)  decreased  minute ventilation
(D)  increased  card iac output
(E)  pulmonary right-to-left shunting

484. Eaton–Lambert syndrome is characterized  by

(A)  decreased  production of acetylcholine 
by the nerve cell

(B)  decreased  release of acetylcholine at the 
neuromuscular junction

(C)  nondepolarizing neuromuscular block-
ade that is readily reversed  by 
neostigmine

(D)  decreased  sensitivity to depolarizing 
muscle relaxants

(E)  increased  susceptibility to malignant 
hyperthermia

485. A patient is infected  with Clostridium perfrin-
gens and  has gas gangrene. Which one of the 
following d rug regimens is considered  first 
line for the treatment of this organism?

(A)  parenteral penicillin G and parenteral 
clindamycin

(B)  parenteral cefoxitin and  parenteral 
imipenem

(C)  oral levofloxacin and  oral cephalexin
(D)  parenteral gentamicin and  parenteral 

vancomycin
(E)  oral penicillin V and parenteral amikacin

486. A 56-year-old , 85-kg patient with a history of 
gastroduodenal u lcers is presenting for elec-
tive resection of the sigmoid  colon for chronic 
d iverticulitis. The patient is premedicated with 
10 mg d iazepam orally, and  undergoes place-
ment of an epidural catheter in the midthoracic 
area for postoperative pain control. Induction 
of anesthesia is performed  w ith p ropofol 
2 mg/ kg, fentanyl 2 mcg/ kg, and  rocuronium 
0.6 mg/ kg. Anesthesia is maintained  with des-
flurane in nitrous oxide and  oxygen. At the 
conclusion of an uncomplicated  case, the 
patient is noted  to have prolonged  emergence 
from anesthesia, and  appears oversed ated  
after tracheal extubation, despite fu ll recovery 
from neuromuscular blockade. Which one of 
the following is the most likely cause?

(A)  administration of desflurane
(B)  chronic therapy with cimetid ine
(C)  chronic ingestion of ethanol
(D)  fentanyl overdose
(E)  d iazepam overdose

487. The metabolism of nitrous oxide in humans

(A)  yields nitric oxide as the main product
(B)  occurs in the liver
(C)  is a reductive process
(D)  is increased  by phenobarbital 

pretreatment
(E)  occurs in the lungs

488. When methylmethacrylate (MMA) cement is 
used  to secure the femoral component of a hip 
prosthesis in the femoral canal,

(A)  hypertension is a common occurrence
(B)  acute vasodilation and  card iac collapse 

can occur due to hypersensitivity reac-
tion to MMA

(C)  card iovascular collapse and  broncho-
constriction may occur due to 
embolization of fat particles and  debris 
from the intramedullary canal
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(D)  the patient should  have a central venous 
catheter for the removal of an air 
embolus

(E)  the technique of venting the canal can 
reliably prevent card iovascular compro-
mise during the procedure

489. Ondansetron

(A)  facilitates gastric emptying
(B)  decreases gastroesophageal reflux
(C)  is sedating at higher doses
(D)  has antiemetic effects
(E)  acts on dopaminergic receptors in the 

area postrema

DIRECTIONS: Use the following figure to answer 
Question 490:
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490. The figure depicts the relative effect of propo-
fol in three physiologic states. From this we 
can say that

(A)  the potency of propofol in the anxious 
patient is increased

(B)  the anxious patient will require a larger 
dose

(C)  a patient in shock will have a decreased  
effect from propofol

(D)  the bleeding patient has a faster 
decrease in brain concentration as a 
result of the propofol being lost with the 
blood

(E)  the anxious patient will have loss of 
consciousness sooner after IV bolus, as 
compared  to the bleeding patient

491. A recommended  single-agent perioperative 
p rophylaxis regimen against a su rgical site 
infection for patient populations with low inci-
dence of methicillin-resistant Staphylococcus 
aureus (MRSA) is

(A)  penicillin G
(B)  vancomycin
(C)  cefazolin
(D)  ampicillin
(E)  levofloxacin

492. Carbon monoxide

(A)  when bound  to hemoglobin can be 
d ifferentiated  from oxyhemoglobin by 
standard  pulse oximetry

(B)  causes oxygen to be released  less 
efficiently from hemoglobin in tissues

(C)  does not produce toxicity in the pres-
ence of an increased  FIO2

(D)  combines and  d issociates from 
hemoglobin at a rate equal to that of 
oxygen

(E)  leads to a right-shift of the oxygen-
hemoglobin d issociation curve

493. An active transmembrane transport mecha-
nism is

(A)  transport via filtration
(B)  channel mediated  d iffusion
(C)  passive nonionic d iffusion
(D)  transport of solute by carrier protein 

down an electrochemical grad ient
(E)  saturable

494. An active metabolite of heroin is

(A)  thebaine
(B)  morphine
(C)  hydromorphone
(D)  codeine
(E)  apomorphine
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495. Low-molecular-weight heparins

(A)  are pentasaccharides
(B)  cause a lower incidence of heparin-

induced  thrombocytopenia than unfrac-
tionated  heparin

(C)  are administered  intravenously
(D)  all have equivalent antithrombotic 

effects
(E)  are able to bridge antithrombin to 

thrombin to the same extent as unfrac-
tionated  heparin

496. A 42-year-old  female is admitted  to the hospi-
tal approximately 18 h after supposedly ingest-
ing a large quantity of an unknown drug in 
tablet form. The patient appears confused , 
tachypneic, complains about nausea and  tin-
nitus, and  is febrile at 39°C. Pupils are equal 
bilaterally at 3 mm and reactive. Shortly after 
arrival, the patient starts to vomit. Blood gas 
analysis is significant for a mixed  picture con-
sisting of respiratory alkalosis and  metabolic 
acidosis. The patients' symptoms are most con-
sistent with drug overdose from

(A)  acetaminophen
(B)  aspirin
(C)  oxycodone
(D)  d iphenhydramine
(E)  lithium

497. Of the following metabolic reactions, which 
one is most likely to be catalyzed  by cyto-
chrome P450?

(A)  acetylation of hydralazine
(B)  demethylation of ketamine
(C)  conjugation of morphine to glucuronide
(D)  oxidative deamination of norepinephrine
(E)  conjugation of acetaminophen to sulfate

498. In a patient who is physically dependent on 
morphine, which one of the following is a symp-
tom of the abstinence syndrome that begins 
within 12 h of the last dose of morphine?

(A)  bradycard ia
(B)  lacrimation
(C)  seizures
(D)  p ilomotor activity (“gooseflesh”)
(E)  coma

499. A 72-year-old man with a history of congestive 
heart failure presents for evaluation of acute 
renal insufficiency. On evaluation, the patient 
also complains about a loss of sense of taste and  
a chronic cough. Urinalysis is significant for 
proteinuria. He was started on a new antihyper-
tensive medication a few months ago. The drug 
most likely implied in his symptoms is

(A)  carvedilol
(B)  hydralazine
(C)  labetalol
(D)  nifed ipine
(E)  captopril

500. The rapid ly perfused  (vessel-rich) tissues

(A)  include the kidneys
(B)  receive an increasing proportion of car-

d iac output with increasing age
(C)  receive the same proportion of card iac 

output in the neonate as the vessel-poor 
group

(D)  include muscle
(E)  account for 30% of total body weight in 

adults

501. Ketorolac 60 mg and  morphine 10 mg produce 
ap p roxim ately equ ivalen t m agnitu d es of 
which one of the following effects after intra-
muscular injection?

(A)  nausea
(B)  sedation
(C)  ventilatory depression
(D)  analgesia
(E)  abdominal pain

502. The CNS response to an induction dose of pro-
pofol would  be most altered  by which one of 
the following conditions?
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(A)  obesity
(B)  hypoalbuminemia
(C)  advanced  age
(D)  renal failure
(E)  hypovolemia due to blood loss

503. Which one of the following statements regard-
ing the CNS effects of halogenated  volatile 
anesthetics is most accurate?

(A)  Isoflurane, in contrast to halothane, 
abolishes autoregulation

(B)  Halothane can produce an isoelectric 
EEG at clinically relevant doses

(C)  Isoflurane lowers the ischemic threshold  
for EEG changes

(D)  Isoflurane decreases cerebral blood flow
(E)  Sevoflurane decreases epileptic brain 

activity

504. Lamotrigine

(A)  is an atypical antipsychotic drug
(B)  has a prolonged half-life when pento-

barbital, carbamazepine, or phenytoin 
are administered  concomitantly

(C)  is not effective in absence epilepsy
(D)  is effective against a broader spectrum 

of seizures than phenytoin and  
carbamazepine

(E)  is not metabolized  in humans

505. A 42-year-old  patient w ith alcohol ind uced  
liver cirrhosis, Child -Pugh class B, underwent 
operative repair of a femur fracture sustained  
in  a m otor vehicle accid ent und er general 
anesthesia. There w ere no other associated  
in ju ries. Ind u ction  of anesthesia w as per-
formed  with propofol, fentanyl, and  cisatra-
curium, and  the anesthesia w as maintained  
with sevoflurane in oxygen and  nitrous oxide. 
After u neventfu l postoperative extu bation 
and  recovery, the patient is transferred  to the 
floor. Three days later, the orthoped ics team 

consu lts you  to evalu ate the p atien t for 
jaund ice, lethargy, and  signs of encephalopa-
thy. The patient most likely suffered  intraop-
erative hepatocellu lar inju ry due to

(A)  immune reaction associated  with sevo-
flurane administration

(B)  sevoflurane-mediated  decreased  hepatic 
blood  flow

(C)  hepatotoxic effects of propofol
(D)  hepatotoxic effects of nitrous oxide
(E)  hepatotoxic effects of sevoflurane

506. A drugs that may suppress the symptoms of 
opioid  withdrawal is

(A)  butorphanol
(B)  chlorpromazine
(C)  nalbuphine
(D)  clonid ine
(E)  flumazenil

507. Emergence sequelae w ith ketamine include 
delirium and  dreaming that

(A)  are always of an unpleasant nature
(B)  are caused  by GABAA antagonism of 

ketamine
(C)  are not remembered  because of the 

amnestic effects of ketamine
(D)  can be minimized  by giving a 

benzodiazepine
(E)  occur equally across all age groups

508. Omeprazole

(A)  in typical doses d iminishes the daily 
acid  production by approximately 70%

(B)  inhibits the metabolism of some medica-
tions by cytochrome P450

(C)  facilitates gastric emptying
(D)  decreases the volume of gastric ju ice
(E)  is a histamine H 2-receptor antagonist
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509. A 42-year-old  schoolteacher underwent trans-
abdominal hysterectomy for endometrial car-
cinoma. Her past medical history is significant 
for vitamin B12 deficiency d iagnosed  three 
years ago and  is otherw ise unremarkable. 
Accord ing to the patient, she is in excellent 
health because of her strictly vegan d iet. The 
case was conducted  under general anesthesia 
with propofol, fentanyl, and  vecuronium for 
ind uction, follow ed  by isoflu rane, nitrous 
oxide, and  oxygen for maintenance of anesthe-
sia. After four hours of surgery, the patient was 
extubated  and  transferred  to the PACU. On the 
third  postoperative day, you are called  to eval-
uate the patient on the floor because she has 
developed  signs of lower extremity paresthe-
sias and  has an unsteady gait. Which one of 
the anesthetics used  for ind uction and / or 
maintenance of anesthesia could  have a role in 
this patient's symptoms?

(A)  propofol
(B)  isoflurane
(C)  vecuronium
(D)  nitrous oxide
(E)  fentanyl

510. Histamine H 2 antagonists administered  in the 
immediate preoperative period

(A)  facilitate gastric emptying
(B)  should  be used  in all patients
(C)  increase the pH of flu id  in the stomach 

at the time of administration
(D)  protect against aspiration of gastric ju ice
(E)  do not change the need  for a cuffed  tube

511. Which one of the following drugs is consid-
ered  unsafe for the patient known to be sus-
ceptible to malignant hyperthermia?

(A)  nitrous oxide
(B)  succinylcholine
(C)  xenon
(D)  ketamine
(E)  atracurium

512. An antihypertensive that interacts w ith the 
renin-angiotensin system is

(A)  losartan
(B)  prazosin
(C)  nesiritide
(D)  minoxid il
(E)  hydralazine

DIRECTIONS: Use the following figure to answer 
Questions 513-514:
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513. The position  on the ventricu lar function 
(Frank-Starling) curve for a patient with sys-
tolic heart failure is depicted  as point A in the 
figure. Administration of nicard ip ine would  
move the patient's ventricular function

(A)  from A to C
(B)  from A to B
(C)  from A to normal
(D)  from A to D
(E)  from A to E

514. Administration of which one of the following 
drugs, or drug combinations, is most likely to 
move this patient's ventricular function from 
point A to point F?

(A)  dobutamine
(B)  dobutamine and  furosemide
(C)  nitroprusside
(D)  dobutamine and  losartan
(E)  dobutamine, losartan, and  furosemide
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515. Fospropofol

(A)  has a rapid  onset of action after IV 
administration

(B)  is a prodrug
(C)  has a high volume of d istribution
(D)  is associated  with pain on injection
(E)  is administered  as a bolus of 2 mg/ kg 

for procedural sedation

516. Which one of the following agents will lead  to 
a decrease in pulmonary vascular resistance 
through interaction w ith the endothelin-A 
receptor (ETA) on vascular smooth muscle?

(A)  inhaled  nitric oxide
(B)  epoprostenol
(C)  sildenafil
(D)  treprostinil
(E)  bosentan

DIRECTIONS (Questions 517-520): Each group of 
items below consists of lettered  head ings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the 
ONE lettered  head ing or component that is most 
closely associated  with it and  fill in the circle con-
taining the correspond ing letter on the answer 
sheet. Each lettered  head ing or component may be 
selected  once, more than once, or not at all.

(A) α1-adrenoceptor
(B) α2-adrenoceptor
(C) β 1-adrenoceptor
(D) β 2-adrenoceptor
(E)  Na,K-ATPase
(F)  PDE3
(G)  PDE4
(H)  PDE5
(I)  AT1

(J)  AT2

(K)  V1

For each medication, select the receptor or enzyme 
most responsible for its pharmacological effect.

517. antid iuretic hormone

518. inamrinone

519. sildenafil

520. valsartan

DIRECTIONS (Questions 521-523): Each group of 
items below consists of lettered  headings followed  
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  head ing or component that is most closely 
associated  with it and  fill in the circle containing the 
corresponding letter on the answer sheet. Each let-
tered  heading or component may be selected  once, 
more than once, or not at all.

(A)  glomerulus
(B)  proximal tubule
(C)  descend ing limb of loop of Henle
(D)  thin ascending limb of loop of Henle
(E)  thick ascending limb of loop of Henle
(F)  d istal convoluted  tubule
(G)  collecting duct

For each d iuretic, select the portion of the nephron 
most responsible for its pharmacological effect.

521. spironolactone

522. acetazolamide

523. furosemide
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366.  (E) Use of heparin in a patient with heparin 
induced thrombocytopenia type II can lead to 
life-threatening thrombotic complications and  
is therefore not ind icated . Low-molecu lar-
weight heparins can cross-react with heparin 
and should  also be avoided. Warfarin should  
not be used  until the thrombocytopenia has 
resolved because it can cause venous limb gan-
grene or multicentric skin necrosis. Tirofiban is 
an antiplatelet drug that acts by inhibition of the 
glycoprotein IIb/ IIIa receptor. Fondaparinux is 
a synthetic five-saccharide analog of a natural 
pentasaccharide sequence that is found in hepa-
rin and LMWHs and mediates their interaction 
with antithrombin. It has no intrinsic anticoagu-
lant activity and instead it binds to antithrom-
bin and accelerates the rate at which it inhibits 
various coagulation proteases. Its potency is 
assessed with an anti Xa assay. Other suitable 
alternatives would be lepirudin, bivalirudin, or 
argatroban. (1:854, 859)

367.  (B) Drug elimination may occur by metabolism 
or excretion and  is u sually complete after 
five half-lives. Polar compounds are usually 
excreted  more efficiently than substances with 
high lipid  solubility. An example on how phar-
macologic intervention can influence the rate 
of elimination from the body is alkalinization 
or acid ification of the urine to hasten the excre-
tion of some drugs in the treatment of d rug 
poisoning. Protein bind ing of a drug to blood  
and  tissues will affect the rate of elimination 
from the body. (1:26-30)

368.  (D) Sevoflurane is not known to cause hepato-
toxicity and  it is not flammable. The agent pro-
d u ces good  m u scle relaxation , d oes not 

produce tachycard ia and  may be a preferable 
agent in patients prone to myocard ial isch-
emia. Sevoflurane is metabolized  in the liver 
by the cytochrome P450 system. (1:546)

369.  (D) Barbiturates do not have a clinically rele-
vant analgesic effect. Thiopental produces a 
dose-dependent effect on the EEG. If given in 
small doses for sedation, median EEG frequency 
increases because the predominant EEG activity 
changes from α  to β  waves. High doses of the 
drug can cause burst suppression, characterized  
by δ waves alternating with electrical inactivity. 
Methohexital may cause abnormal sp iking 
activity of the EEG, and may elicit seizures in 
patients with seizure disorder. Thiopental injec-
tion is followed by decreased blood pressure 
and increased heart rate. Coronary blood flow 
is increased. Stroke volume is decreased, as is 
cardiac output. (5:694)

370.  (B) Ketamine administration is associated  with 
changes in card iovascular parameters similar 
to those seen with sympathetic stimulation. 
Therefore, the heart rate is increased, and  there 
is an increase in card iac output. (1:539)

371.  (C) The hypotension that may be seen after 
atracurium administration is due to histamine 
release, and  may be exaggerated  in a patient 
w ith hypovolemia. The extent of histamine 
release is dependent on the dose and  the speed 
of in jection . Atracu rium  d oes not cau se 
clin ically significant ganglionic blockad e. 
Laudanosine, a metabolite of atracurium, can 
cause cerebral excitation and seizure activity in 
animal models; however, this has not been a 
clinical problem in humans. (5:503)

Answers  and Explana tions
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372.  (C) Rocuronium is metabolized and eliminated  
by the liver. It can be administered  intramus-
cularly and  by continuous infusion and  does 
not cause significant histamine release or gan-
glionic blockade. (1:262; 5:504)

373.  (C) Drug metabolism is separated  into two dis-
tinct phases, and  usually results in a decreased  
duration of action because the drug is rendered  
inactive, more w ater soluble, more read ily 
excreted  by tubular secretion, and  less likely to 
undergo tubu lar reabsorp tion. Reactions in 
phase I are most likely to consist of oxidation, 
reduction, or hydrolysis reactions, and  gener-
ally result in the loss of pharmacological activ-
ity. Phase II reactions includ e conjugation 
reactions, aimed at facilitating the excretion of 
inactive drug metabolites. (1:27-8)

374.  (E) Transdermal scopolamine is a muscarinic 
antagonist that can cross the blood–brain bar-
rier. It is not recommended for the prophylaxis 
of emesis in children and  can produce behav-
ioral side effects. It has, however, been shown 
to be useful in adults if applied  on the evening 
before, or 4 hours before the end  of the opera-
tive procedure. (1:230; 5:1256)

375.  (C) N aloxone is a pure op ioid  antagonist, 
meaning that the drug has no opioid  effect of 
its ow n. Butorphanol and  levallorphan are 
both  m ixed  op ioid  agon ist–an tagonists. 
Neostigmine and  edrophonium are cholines-
terase inhibitors. (1:483-4)

376.  (C) Milrinone is a vasodilating and  inotropic 
agent thought to function through inhibiting 
p hosphod iesterase and  thereby elevating 
cyclic-AMP levels. It is not a catecholamine. 
(1:795)

377.  (C) The toxicity associated  with bupivacaine is 
due to blockade of sodium channels. The drug 
is an amide of long duration. It should  not be 
used  in concentrations above 0.5% for epidural 
anesthesia in pregnant patients. Toxicity may 
occur after injection other than intravenously. 
(1:573; 5:1149)

378.  (D) Tetracaine is rarely used  in peripheral 
nerve blocks because of the large doses that are 
typically required , its slow onset, and its poten-
tial for toxicity that is greater than chloropro-
caine. Bupivacaine is more card iotoxic than 
equieffective doses of lidocaine. Clinical mani-
festations of toxicity include severe ventricular 
arrhythmias and  myocard ial depression after 
inadvertent intravascular injection. The block 
of card iac sod ium channels is cumulative, and  
substantially more than would  be pred icted  by 
its local anesthetic potency. Chloroprocaine is 
very short-acting, and  probably not a good 
choice for the patient described  in this vignette 
where postoperative analgesia from the bra-
chial plexus blockade would  be desirable. The 
duration of action of mepivacaine is about 20% 
longer than that of lidocaine. (1:573-4; 5:824)

379.  (A) Etomidate has anticonvulsant activity, and  
it decreases intraocular pressure. There is no 
histamine release and  it does not have any 
analgesic effects. Etomidate produces a higher 
incidence of postoperative nausea and  vomit-
ing than other intravenous induction agents. 
(5:696-7)

380.  (A) The renal tubule has active transport pro-
cesses for the tubu lar secretion of organic 
acids, such as glucuronides, and  organic bases. 
Since the glucuronide derivative is likely to be 
much more polar than the parent compound , 
the rate of tubular reabsorption (which usually 
occurs by passive nonionic d iffusion) will be 
less. (1:26)

381.  (D) The correct ranking of the potencies of the 
volatile anesthetics, from most potent to least 
potent, is halothane > isoflurane > sevoflurane 
> desflurane. (5:598)

382.  (A) A has higher efficacy than B because the 
maximum response produced  by A is greater 
than the maximum response produced  by B. 
Because A and  B are located  at the same place 
along the X-axis, A and  B are said  to have the 
same potency. The dose at w hich the half-
maximal response occurs, the ED50, is the same 
for both A and B. It is likely that A and  B act via 
the same receptor. (1:48-9)
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383.  (B) The effect of drug Y is to decrease the effi-
cacy of X without shifting the dose-response 
relationship  of X. This is the definition of a 
noncompetitive antagonist. It is likely that 
X and  Y act via the same receptor. (1:46-7)

384.  (C) Administering succinylcholine to a patient 
with a massive burn may result in an exagger-
ated  hyperkalemic response that can cause car-
d iac arrest. The recommendation is to avoid  
succinylcholine in these patients starting about 
24 h after the burn. The pharmacokinetics of 
succinylcholine however will not be altered . 
Patients treated  with inhibitors of cholinester-
ase (neostigm ine, pyrid ostigmine, isofluo-
rophate) or who have atypical cholinesterase 
will experience a prolonged  succinylcholine 
effect. Aminoglycosides can produce neuro-
muscular blockade by inhibition of acetylcho-
line release from the preganglionic terminal, 
and  to a lesser extent, by noncompetitively 
blocking the recep tor. This effect how ever 
would  be more likely in the patient described  
in the vignette had  the patient received  a non-
depolarizing muscle relaxant during the case. 
In addition, the combination of a muscle relax-
ant with an aminoglycoside increases the inci-
dence of myopathies in critically ill patients. 
(1:267; 5:1345, 1392)

385.  (B) The MAC for desflurane is about 6% and it 
is irritating to airways. It is insoluble in water 
and  lipids and  is metabolized  to a lesser extent 
than other halogenated  anesthetics. (1:545; 
5:598)

386.  (A) The known heroin abuser may have a full 
stomach due to the slower emptying time of 
the gastrointestinal tract, and  may be highly 
tolerant to opioids, necessitating higher doses 
of anesthetics to achieve adequate analgesia 
and  sed ation / hyp nosis. Left ventricu lar 
hypertrophy can be expected  in abusers of hal-
lucinogens such as phencyclid ine or LSD. 
Recent cocaine abuse can increase sensitivity 
to catecholamines. The so called  “glue-sniffer's 
neuropathy” can be caused  by inhalation of 
hexane-containing adhesives. (5:326-7)

387.  (D) Local anesthetics act at the nerve mem-
brane. The local anesthetics block sod ium 
channels so that the membrane cannot conduct 
nerve impulses. (1:565-7)

388.  (D) The action of propofol is terminated  by 
red istribution. The d rug is bound to protein, 
and  various concomitant drugs may interfere 
with binding. It is taken up in fatty tissues, but 
that is not the mechanism of terminating its 
effect. (5:691)

389.  (A) Methohexital is metabolized  to a greater 
extent than thiopental. The d rug is metabo-
lized  to hydroxymethohexital that is inactive. 
The terminal half-life is shorter than that of 
thiopental. Methohexital does not release his-
tamine from mast cells and  is not contraindi-
cated  in asthma. (1:533-5; 5:731)

390.  (C) The first-pass effect is the biotransforma-
tion of a drug as it passes through the intestinal 
mucosa and  liver. In some cases, much of the 
pharmacological activity is lost at this point, 
leaving little of the d rug to have its desired  
effect. (1:20)

391.  (B) Ketam ine ad m inistration is associated  
with increases in both systolic and  d iastolic 
blood  p ressu res. The m echanism  for the 
increases is d irect central nervou s system 
stim u lation  as w ell as the liberation  of 
catecholamines. (1:539)

392.  (A) The small blocking dose of a nondepolar-
izing muscle relaxant given before an intubat-
ing dose of succinylcholine increases both the 
dose of succinylcholine required  as well as the 
time to the onset of muscle paralysis. The rise 
in intracranial pressure is attenuated , but there 
is no effect on  su ccinylcholine-ind u ced  
arrhythmias. The tim e to recovery is not 
affected . (1:261; 5:501)

393.  (C) After one half-life has elapsed , 50% of the 
drug remains; after two half-lives, 25%; after 
three half-lives, 12.5%; after four half-lives, 
6.25%; and  after five half-lives, 3.125%. (6:35)
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394.  (A) Flecainide is an antiarrhythmic d rug in 
Class IC. The drug is not a muscle relaxant and 
can be administered  orally or parenterally. It is 
not the d rug of choice for local anesthetic 
reactions. (1:840)

395.  (D) Administration of anticholinesterase drugs 
w ill reverse the block of a nondepolarizing 
agent only if the latter d rug is in low enough 
concentration. Administration of an anticho-
linesterase will prolong the block of succinyl-
choline by inhibiting its metabolism. (1:266-7)

396.  (E) Of the nondepolarizing muscle relaxants 
mentioned , the least desirable agent would  be 
pancuronium due to its prolonged  terminal 
half-life in renal failu re. The intermed iate–
acting muscle relaxants have a shorter dura-
tion of action even in the presence of renal 
failure. (5:504)

397.  (D) While all of the options are ind icators of 
recovery, an objective measurement of recov-
ery from neuromuscular block is better than a 
clinical assessment. Double-burst stimulation 
(DBS) w ith mechano-, electro-, or accelero-
myography is the method of choice. If this is 
unavailable, tactile response to double-burst 
stimulation (DBS) is preferable to tactile esti-
mation of the train-of-four ratio because it is 
easier to appreciate fade with DBS. Normal 
tidal volume is not su fficient to protect the 
airway; there must be enough force to generate 
a cough, and  about 15 mL/ kg are needed . 
Handgrip  is a clinical assessment and  must be 
su stained  to correlate w ith  recovery. 
Inspiratory force is a good  measurement and  
should  be at least 25 cm H 2O negative pres-
sure. The advantage of inspiratory force is that 
it can be assessed  in the patient who is still 
asleep and  unable to respond. (5:494-6)

398.  (A) Anticholinesterase drugs have potent mus-
carinic stimulating effects. These may be exhib-
ited  in the heart, bronchioles, or gu t. It is 
important to consider each of these areas in the 
particu lar patient whose relaxants are being 

reversed. Atropine or glycopyrrolate should  be 
used  with the reversal d rug. Although the 
muscarinic manifestations are not common, 
their occurrence may be quite troublesome, 
such as the production of copious respiratory 
secretions. (1:246-7)

399.  (C) The antithrombin III–heparin complex 
inactivates thrombin and the other proteases of 
the intrinsic clotting pathway. (1:854)

400.  (D) The patient with myasthenia gravis has an 
altered  sensitivity to relaxants. These patients 
are more sensitive to nondepolarizing agents. 
This sensitivity is present with or without con-
trol of the d isease. These patients may also be 
resistant to depolarizing relaxants, particularly 
those treated  with pyridostigmine. (5:143)

401.  (B) Labetalol is a competitive antagonist at 
both, α1-, and β-adrenoceptors. In addition, the 
d ru g has partial agonist activity at β 2-
adrenoceptors, and inhibits neuronal uptake of 
norep inephrine (a cocaine-like effect). The 
potency for β-blockade is 5-10 fold  greater than 
for α1-blockade. Labetalol is su itable for the 
treatment of hypertensive emergencies, and  
maintains card iac output, while maintaining, 
or slightly lowering, heart rate. Due to the poor 
lipid  solubility of labetalol there is very little 
p lacental transfer, and  the d rug is safe for use 
in the setting of pregnancy-induced  hyperten-
sive crisis. (1:328-9)

402.  (A) Flumazenil is the d rug of choice for the 
reversal of high doses of benzod iazepines. 
While physostigmine may be effective in revers-
ing the sedative effects of benzodiazepines, it is 
not considered  the first-line agent. The drug 
crosses the blood–brain barrier well since it is a 
tertiary amine. It is used in the treatment of cen-
tral anticholinergic syndrome and  can cause 
hypersalivation. (1:245-6, 461; 5:699, 1461)

403.  (B) Lisinopril is an inhibitor of angiotensin-
converting enzyme used  in the therapy of 
hypertension. (1:731-2)
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404.  (E) Amiodarone is a recommended  pharmaco-
logic treatment for mono- or polymorphic ven-
tricular tachycard ia in patients with structural 
heart d isease. Sotalol is considered  another 
first-line agent. The nonpharmacologic treat-
ment of choice would  be synchronized  card io-
version. Amiodarone is also effective against 
most supraventricular arrhythmias, but has a 
number of serious toxicities, some of which are 
d ue to the d rug's structu ral similarity to 
thyroid  hormone. (1:43; 6:1893, 1911)

405.  (A) Fexofenadine is a second-generation hista-
mine H 1-receptor antagonist used to treat aller-
gic conditions such as hay fever. It does not 
appreciably cross the blood-brain barrier and  
therefore lacks sedative effects. (1:920)

406.  (B) Budesonide is an inhaled  corticosteroid  
(ICS) used  for the management and  control of 
asthm a. ICS are the m ost effective anti-
inflammatory agents used  in asthma therapy, 
reducing inflammatory cell numbers and  their 
activation in the airways. (1:1051; 6:2111)

407.  (C) Dofetilide is a class III antiarrhythmic agent 
that is an action potential-prolonging drug. It 
is effective in maintaining sinus rhythm in 
patients with atrial fibrillation. (6:1883)

408.  (B) Allopurinol is an inhibitor of xanthine oxi-
dase that decreases uric acid  formation. It is 
used  in the therapy of gout. (1:996)

409.  (D) The most useful d rug to add  to this regi-
men is dexamethasone that has been shown to 
be effective either as a first-line agent, or in 
combination with 5-HT3 receptor antagonists 
and/ or droperidol. Metoclopramide is a short-
acting prokinetic agent mainly used  to amelio-
rate nausea and  vomiting that accompany 
gastroin testinal d ysm otility synd rom es. 
Prochlorperazine should  not be administered  
since the patient has already received  a D2
receptor blocker (droperidol). Famotid ine is an 
H 2-receptor antagonist and  not ind icated  for 
the p reven tion  or  treatm ent of PON V. 
Ephed rine is a non-catecholam ine α - and  
β -adrenergic agonist and  is a potent CNS stim-
ulant; it is not recommended for the prevention 

or treatment of PONV. Add itional consider-
ations may include TIVA, as well as adminis-
tration  of a p reop erative transd erm al 
scopolamine patch, as well as oral aprepitant 
for the highest risk patients. (1:233-4; 5:77-8)

410.  (B) The patient is partially paralyzed . The 
block that is p resent is not a depolarizing 
block. The train-of-four ratio is 75% and  there-
fore the patient could  not sustain a head  lift. 
The advantage of the train-of-four is that it is 
not necessary to have a control tracing, since it 
serves as its own control. (5:495-6)

411.  (E) The train-of-four ratio for a depolarizing 
block is 100%, since there is no fade. The fourth 
twitch will be as high as the first. (5:500)

412.  (A) Excitatory phenomena after propofol induc-
tion occur more frequently than with thiopental, 
however, bronchospasm appears to occur less 
frequently. In equipotent doses, propofol pro-
duces a dose dependent decrease in blood pres-
sure that is more pronounced  than with 
thiopental administration. Propofol and thiopen-
tal cause a similar decrease in cerebral metabolic 
rate. Adrenal suppression occurs after the admin-
istration of etomidate. (1:537; 5:689-90, 697)

413.  (D) Verapamil is a calcium channel blocker. All 
d rugs in this class are highly bound to protein. 
Calcium channel blockers increase coronary 
blood flow, and  decrease myocard ial contrac-
tility. Verapamil, in combination with inhala-
tional agents may produce varying degrees of 
AV-block. Structurally, it is a phenylalkylamine 
compound; representatives of the d ihydropyr-
id ines inclu d e n ifed ip ine, am lod ip ine, 
nimodipine, and  nicard ipine. (1:755-7; 5:757)

414.  (E) Lepirudin and  argatroban are d irect throm-
bin inhibitors. (1:874)

415.  (D) When meperidine is given to a patient on a 
monoamine oxidase inhibitor, hyperpyrexia and  
CNS excitation, which may be fatal, may result. 
Local anesthetics, halothane, vecuronium, and  
aspirin should not cause problems. (1:504)
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416.  (A) Hypokalemic, hypochloremic metabolic 
alkalosis is one of the most common problems 
in the patient being treated  w ith thiazides. 
H yperuricemia may occur, bu t it is not as 
common as hypokalemia. Hyponatremia and  
hyperglycemia also may occur. (1:689)

417.  (B) Nifed ipine is effective for coronary vaso-
spasm due to its vasod ilating activity. It has no 
antiarrhythmic effect. Its half-life is abou t 
4 h. (1:757-8)

418.  (B) The binding of protamine, a basic protein, 
and heparin, an acidic protein, results in a com-
pound with no anticoagulation effect. There is 
no other mechanism involved . (1:858)

419.  (B) Ep inep hrine cau ses vasoconstriction , 
w hich leads to decreased  absorp tion of the 
local anesthetic, thus prolonging its effect. This 
action may also delay metabolism. Protein 
binding, chemical interaction, and  binding site 
competition are not involved . (5:776)

420.  (C) The com bination of n itrous oxid e in 
0.5 MAC concentration and  isoflu rane in 
0.5 MAC concentration will lead  to an anes-
thetic effect of 1 MAC. For all practical pur-
poses, nitrous oxide and  a halogenated  agent 
are the only agents that are administered  
together, but if 2 halogenated  agents could  be 
used  together, their effect would  be additive. 
(1:50; 5:598)

421.  (A) Glycopyrrolate is a quaternary amine that 
is an anticholinergic agent. It is a synthetic 
alkaloid , and  not naturally-occurring like atro-
pine and  scopolamine. Since it is a quaternary 
amine, it does not cross the blood–brain barrier 
and  is not associated  with the central choliner-
gic syndrome. (1:233; 5:976)

422.  (A) Although well absorbed  from the gastroin-
testinal tract, lidocaine is extensively metabo-
lized  on its first pass through the liver. The 
symptoms of toxicity are usually CNS stimula-
tion, and  usually occur at blood  levels greater 
than 5 mcg/ mL. Lidocaine is useful in ventric-
ular arrhythmias. (1:572-3; 5:781)

423.  (E) The interaction of phenytoin and  pheno-
barbital is one of altered  metabolism due to 
enzyme induction. If a patient has a stable 
d rug level, it can be changed  by starting 
another d rug that may induce the enzyme 
system that metabolizes the first d rug. (1:592)

424.  (C) Midazolam is associated  with fewer cases 
of venous irritation than d iazepam. The d rug 
is not contraindicated  in child ren; in fact, it is 
very useful in children. The duration is longer 
than that of thiopental. There is no adrenal cor-
tical d epression and  no histamine release. 
(1:466; 5:698-9)

425.  (B) The patient showing signs of cocaine toxic-
ity may be excited , anxious, and  restless, and  
have hypertension and  tachycard ia. (1:662; 
5:324-5)

426.  (A) The methylxanthine group of drugs includes 
caffeine. This group has strong β2-adrenergic-
like effects such as bronchodilation but does not 
act via β2-adrenergic receptors. The mechanism 
of action is by phosphodiesterase inhibition that 
leads to an increase in cyclic AMP. (1:663)

427.  (C) Sublingual administration avoids the first-
pass effect and  bypasses the liver. This route is 
not useful with all d rugs, only those that are 
unionized (e.g., nitroglycerin). This route leads 
to higher blood levels compared to oral admin-
istration. (1:22)

428.  (C) Metoclopramide stimulates upper gastro-
intestinal motility. It is an antiemetic and  has 
no effect on acid  secretion in the stomach. 
Transit time is shorter and  there is no ileus, 
since motility is stimulated . (1:1325)

429.  (D) Hetastarch is a synthetic colloid . The other 
options all include administration of blood  
products. Some people of this belief will accept 
blood  that is au tologous while others w ill 
require that the blood be in the circuit continu-
ously (e.g., in a cell saver). It is important to 
understand  the particular patient's require-
ments before undertaking the procedure. (5:46)
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430.  (C) Vasopressin is recommended  in the ACLS 
guidelines as an alternative agent to epineph-
rine in cases of refractory ventricular fibrilla-
tion and  pu lseless ventricu lar tachycard ia. 
Because of its potential adverse effects, sodium 
bicarbonate should  not be routinely adminis-
tered  during CPR. Phenylephrine, adenosine, 
and isoproterenol are not recommended for the 
treatment of refractory ventricular fibrillation. 
(5:1433-4)

431.  (E) Edrophonium should  be given with, or pre-
ceded  by, atropine. The d rug has a fast onset 
bu t, in the dose cited , a duration as long as 
neostigmine. The muscarinic effects are fewer 
than with neostigmine. (1:239-243, 549)

432.  (D) Sodium nitroprusside may lead  to cyanide 
toxicity that may be manifested  as acidosis and 
a tolerance to the d rug's effects. This d rug 
affects both venous and  arterial vessels. The 
acidosis that is seen is treated  by stopping the 
d rug and  should  not be treated  with sodium 
bicarbonate. The hypotensive effect of sodium 
nitroprusside is potentiated  by prior treatment 
with β -adrenergic antagonists. (1:782-3; 5:746)

433.  (D) Postoperative pain control w ith metha-
done requires some time to obtain stable levels. 
While single small doses (< 10 mg) may have a 
duration of action less than an hour due to 
red istribution, larger doses are much longer-
acting. Methadone is usually given in tw ice 
daily dosage, and  does depress resp iration. 
The oral dose is about 80-90% as effective as 
the same parenteral dose. (5:718)

434.  (D) Dopamine has d ifferent actions depending 
on the dosage: at infusion rates greater than 
10 m cg/ kg/ m in , there is stim u lation of 
α-adrenergic receptors. At lower infusion rates 
(approximately 1–3 mcg/ kg/ min), dopaminer-
gic receptors are stimulated  that leads to an 
increase in renal blood flow. Dopamine causes 
an increase in pu lmonary artery p ressu re, 
making it a poor choice in the patient w ith 
right heart failure. Dopamine is a transmitter 
in both the central and  peripheral nervous 
systems. (1:355; 5:175)

435.  (D) The sequence that is proposed  may result 
in a p rolonged  duration of succinylcholine 
action because the prior administration of neo-
stigmine will resu lt in pseudocholinesterase 
inhibition  and  d ecreased  su ccinylcholine 
metabolism. (5:500)

436.  (E) Drug clearance may occur by metabolism 
to inactive or less active products or by elimi-
nation of the unchanged  d rug. Clearance is 
independent of d rug concentration, and  is not 
a function of age; rather it is affected by volume 
of d istribution that often is decreasing with 
increasing age. Similarly, the degree of protein 
binding is an important determinant of the rate 
of d rug clearance. (1:33)

437.  (D) Cimetid ine may decrease the metabolism 
of lidocaine via inhibition of cytochrome P450. 
The other drugs listed  are not metabolized  by 
cytochrome P450. (1:1314; 5:1033)

438.  (A) Glucagon inhibits insu lin secretion and  
increases plasma glucose levels. (1:1237, 1240)

439.  (D) Injectable benzodiazepines such as d iaze-
pam, lorazepam and midazolam do not induce 
the synthesis of hepatic CYP isozymes. They 
are safe to administer in patients with a history 
of MH, however, should  be avoided in patients 
with acute intermittent porphyria because they 
have been shown to induce ALA synthase in 
animal models. They exert their effect through 
activation of the GABAA receptor as described  
in option D, and  can be antagonized  with flu-
mazenil. Naloxone is a competitive opioid  
antagonist ind icated  only for ventilatory 
depression due to opioid  overdose. (1:1059; 
5:697-9)

440.  (A) At zero time, the blood  concentration is 
80 mg/ L. Volume of d istribution is the dose of 
the d rug d ivided  by the concentration. Thus, 
the volume of d istribution in the central com-
partment immediately after the injection of the 
d rug is 400 mg/ 80 mg/ L or 5 L. (1:30-3)

441.  (C) To obtain the red istribution half-life, the 
initial straight portion of the curve is extrapo-
lated . At zero time, the blood concentration is 
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80 mg/ L. At 1 h, the extrapolated  line gives a 
blood  concentration of 5 mg/ L. The time 
required  for the blood  concentration to drop 
from 80 mg/ L to 5 mg/ L is 4 half-lives: after 
one half-life, the blood  concentration will be 
40 mg/ L; after two half-lives, 20 mg/ L; after 
three half-lives, 10 mg/ L; and  after four half-
lives, 5 m g/ L. Since fou r half-lives occurred  
in  1 h, then the redistribution half-life must be 
0.25 h or 15 min. (1:33)

442.  (C) To obtain the terminal half-life, the final 
straight portion of the cu rve is extrapolated . 
At 10 h, the blood  concentration is 1 mg/ L. 
The blood  concen tration  is 2 m g/ L at 7 h , 
and  4 mg/ L at 4 h. It is apparent that the blood 
concentration is declining by half every 3 h, 
thus the terminal half-life must be 3 h. (1:33)

443.  (A) Desmopressin is usually taken twice daily 
by intranasal administration. In contrast to 
vasopressin that is rap id ly inactivated , the 
duration of the effect of desmopressin is sev-
eral hours. Desmopressin may increase blood  
pressure, but it does so to a much lesser degree 
than vasopressin. Desmopressin increases the 
circu lating concentrations of factor VIII and  
von Willebrand  factor, and  has no effect in 
patients with nephrogenic d iabetes insipidus. 
While there is not likely to be a need  for intra-
operative administration of desmopressin if 
the patient was given a dose by inhalation pre-
operatively, it may be given by intravenous 
infusion to decrease serum osmolality and  
increase water retention. (1:708, 710)

444.  (C) Hydralazine may be associated  w ith a 
lupus-like syndrome. It is a d irect vasodilator 
and may cause reflex tachycardia that limits its 
usefulness in the patient with angina. There 
may be retention of sod ium and  water that 
may require d iuretics. (1:779-780)

445.  (C) The elderly generally require a lower dose 
of th iopental to ind u ce anesthesia. With 
increasing age, MAC for inhalational anesthet-
ics decreases, and  recovery of normal ventila-
tory d rive after fentanyl administration is 
delayed . In contrast, with increasing age there 

is no alteration in  the intubating d ose of 
vecuronium. The rate of hepatic synthetic reac-
tions, such as the glucuronidation of morphine, 
is also unchanged in the elderly, while the rate 
of hepatic oxidative and  reductive reactions 
declines with increasing age. (5:607, 680-1)

446.  (E) The aim of antacid  administration is to 
raise the pH. It shou ld  be given 15-30 min 
before surgery. Antacids will not decrease gas-
tric volume bu t may actually increase it. 
Nonparticulate antacids should  not cause any 
problem if asp irated . There is no lag time. 
(1:1315; 5:1159, 1657)

447.  (A) Butorphanol is a mixed  opioid  agonist–
antagonist. Naloxone is a pure opioid  antago-
nist, methohexital a short-acting barbiturate, 
midazolam a benzodiazepine, and  bleomycin 
a drug used  in cancer chemotherapy. (1:509-11)

448.  (C) Patients who abuse alcohol manifest toler-
ance to its CNS effects but not to its ventilatory 
effects. The acutely intoxicated  person requires 
less anesthesia, whereas the chronic alcoholic 
who is not acutely intoxicated  requires more. 
Because alcoholic liver d isease may lead  to a 
decreased  capacity to metabolize local anes-
thetics, local anesthetic toxicity may be more 
likely in the alcoholic. (5:321-3)

449.  (B) Chloroprocaine is the least toxic local anes-
thetic by virtue of its rapid  hydrolysis after 
accid ental in travenous in jection. (1:573-4; 
5:781)

450.  (C) The H end erson–H asselbalch equation 
states that pH =  pK +  log [proton acceptor/
proton donor]. With a weak base like mepiva-
caine, the uncharged  form is the proton accep-
tor, and  39% is p resent in  th is form  at 
physiologic pH. Even without a calculator, an 
approximation is possible. If the pH w ere 
equal to the pK of the d rug, equ ivalent 
amounts of the charged  and  uncharged  moi-
eties would  be present. In this case, the pH is 
slightly lower than the pK, favoring slightly 
less than half of the drug to be in the uncharged  
form. (5:769)
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451.  (B) At levels below 1.5 MAC, the net effect of 
halogenated  hyd rocarbons is a decrease in 
cerebral blood  flow. Opioids, ideally as a con-
tinuous infusion, should  be administered  con-
comitantly (balanced  anesthetic), to decrease 
the amount of volatile anesthetic requ ired . 
Nitrous oxide and  ketamine are both likely to 
cause an increase in CBF. The administration 
of both phenylephrine and  dobutamine can 
increase CBF. (5:873-4)

452.  (D) A weak base is less ionized  at higher pH 
values, thus rendering it more lip id -soluble 
and  more likely to d istribute to the interstitial 
flu id . The converse is true of w eak acid s. 
Increased  blood flow to a tissue increases the 
d istribution of drugs to that tissue. Distribution 
is decreased  by binding to plasma protein and  
by decreased  lipid  solubility. (1:30-3)

453.  (D) The loading dose of a drug is the dose given 
to achieve a faster blood concentration, and is 
calculated based on the volume of distribution 
at steady state (Vss), the desired plasma concen-
tration (Cp), and the drugs bioavailability (F). 
While the load ing dose decreases the time 
needed to achieve a steady state concentration, 
the d rug concentration is initially higher 
because drug d istribution after initial bolus is 
limited  to the smaller, central compartment. 
With some drugs, the larger dose can have det-
rimental effects, e.g., a larger dose of relaxant 
may lead to a longer time of paralysis or cardio-
vascular effects. (1:37)

454.  (B) Amiodarone is a structural analogue of thy-
roid hormone and exerts a variety of pharmaco-
logical effects. Hypotension after intravenous 
administration of the drug is due to vasodila-
tion and depression of myocardial performance. 
Adenosine, verapamil, and procainamide are 
some of the drugs used for the treatment of car-
d iac dysrhythmias associated  with the WPW 
syndrome; amiodarone is not indicated. Drug 
toxicity during oral loading regimens is uncom-
mon, and may include nausea. Long-term ther-
apy can cause significant pulmonary fibrosis. 
The adverse effects of amiodarone are thought 
to be attributable to the drugs interaction with 

nuclear thyroid  hormone receptors. (1:834; 
5:764; 6:1839, 1911)

455.  (E) Digoxin is an inotrope and  may cause bra-
dycard ia. The mechanism involves inhibition 
of Na,K-ATPase. Calcium will potentiate the 
effects of d igoxin. Digoxin toxicity can present 
as described  in the vignette, including a vari-
ety of severe conduction d isturbances. Side 
effects of carvedilol include bradyarrhythmias, 
but the d rug is unlikely to cause visual d istur-
bances. Quinid ine can prolong the QT-interval 
and  cause polymorphic ventricular tachycar-
d ia. The adverse effects of amiodarone include 
pulmonary fibrosis, and  an overdose of benzo-
diazepines would cause respiratory depression. 
(1:803-4; 5:749, 753)

456.  (C) All halogenated  volatile anesthetics 
decrease cerebral metabolic rate in a dose-
dependent manner, and are associated  with a 
decrease in cerebral electrical activity. They 
differ, however, in their potential to cause cere-
bral vasodilation that could raise ICP in patients 
with poor compliance. Sevoflurane causes less 
vasodilation than either isoflurane or desflu-
rane. Cerebral metabolic rate rises dramatically 
during seizure activity. (1:542-6; 5:874)

457.  (C) Coverage of steroid  therapy at the time of 
surgery is important to avoid  stress reactions 
and  acute adrenal insufficiency. Replacement 
doses are based  on the anticipated  stress of the 
operative procedure. Cholecystectomy is con-
sidered  moderately invasive, and  the most 
appropriate regimen is the one ou tlined  in 
option C. Option D is appropriate for minor 
procedures, while option E would  be the rec-
ommended  regimen for cases such as card iac, 
or major abdominal surgery. (5:157)

458.  (D) A patient w ith the presented  symptoms 
may be having an anaphylactic reaction. In 
add ition to the interventions outlined  in the 
vignette, blood  pressure should  be supported  
with epinephrine in 100-mcg increments that 
is the cornerstone of initial therapy. In addition, 
glucocorticoids and diphenhydramine should be 
administered as secondary treatment. The most 
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common causes of anaphylactic reactions 
during anesthesia care include muscle relax-
ants and  antibiotics. (5:1484)

459.  (E) The patient is most likely suffering from 
magnesium deficiency that is common in mal-
nourished  alcoholic patients and  often accom-
panied  by hypokalem ia. The arrhythm ia 
d escribed  is consistent w ith  torsad es d es 
pointes, while other find ings might include 
Trousseau  and  Chvostek signs that are also 
found  in  states of hypocalcemia. (5:520-1; 
6:1891)

460.  (D) The opioids usually produce unconscious-
ness at high dosage, but it is important to rec-
ognize that unconsciousness is not absolu te. 
The pupils are constricted . Opioids do not pro-
duce reliable amnesia, and  the nausea and  
vomiting seen are mediated  through the cen-
tral nervous system in the chemoreceptor trig-
ger zone. (1:488-490)

461.  (B) The patient with hyperthyroid ism should  
be adequately prepared  preoperatively. This 
usually involves the preoperative administra-
tion of β-adrenergic antagonists to decrease the 
heart rate. Aspirin is usually avoided  because 
it may d isp lace thyroid  hormone from its 
p lasma protein binding sites. Administration 
of exogenous thyroid  hormone shou ld  be 
avoided , as should  administration of amioda-
rone that is a structural analogue of thyroid  
hormone and can trigger thyroid  storm. (1:834; 
5:151-2)

462.  (B) For coronary “steal” to occur, there must be 
a stenosed vessel supplying an area of myocar-
dium that is dependent upon flow through col-
lateral vessels. Isoflu rane may then cause 
vasod ilation that d iverts blood  aw ay from 
these collaterals, lead ing to ischemia in the 
collateral-dependent area of myocard ium. In 
spite of this theory, and  the fact that many per-
sons have “steal-p rone” coronary anatomy, 
there is no evidence that the use of isoflurane 
is associated  with an increase in perioperative 
ischemia or mortality. The phenomenon of 

“steal” does not occur with either desflurane 
or sevoflurane. (1:543; 5:612)

463.  (D) Corticorticoids used  for the treatment of 
asthma should  be of the glucocorticoid  type 
since no mineralocorticoid  effect is desired . 
The onset time is measured  in hours. Giving 
the drug by inhalation does not decrease the 
onset time but it decreases systemic toxicity 
because lower doses may be used. Inhaled  cor-
ticosteroid s are the m ost effective an ti-
inflammatory agents used  in asthma therapy. 
(5:131-2; 6:2110-1)

464.  (A) The patient with renal failure usually does 
not need an altered dose of medications whose 
effects are terminated  by red istribu tion. 
Pancuronium is primarily eliminated unchanged 
by the kidney. (1:274, 501)

465.  (E) Ionization of a drug is important in the drug's 
function, since charged particles do not cross 
membranes well. The degree of ionization is a 
function of the pH of the solution and the pKa of 
the drug as given by the Henderson–Hasselbalch 
equation. The Michaelis-Menten equation 
describes transporter-mediated processes across 
biological membranes. (1:18-9, 95)

466.  (C) Obese patients have an increased  volume 
of d istribution and  an increased  terminal half-
life for highly lipid  soluble agents such as mid -
azolam and thiopental. The degree of isoflurane 
metabolism is not significantly changed. Obese 
subjects have higher levels of pseudocholines-
terase activity; when a larger dose of succinyl-
choline is given to an obese patient, the 
duration of action is similar to that seen when 
a similar dose (in mg/ kg) is given to a lean 
patient. Even though d igoxin is a highly lipo-
philic drug, it has a comparable volume of d is-
tribu tion  in  obese and  lean  ind ivid uals. 
(5:308-10)

467.  (A) All of the options listed  are targets for d if-
ferent classes of antiemetic agents. Granisetron 
is a 5-HT3 receptor antagonist. (1:1342)
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468.  (D) Acute intermittent porphyria is an inborn 
error of metabolism in which porphobilinogen 
cannot be converted to uroporphyrin. Therefore, 
the urinalysis is positive for porphobilinogen, 
which is pathognomonic, and negative for uro-
porphyrins. Thiopental induces the enzyme 
δ-aminolevulinic acid  synthetase that results in 
increased  synthesis of porphobilinogen and  
therefore will worsen acute intermittent por-
phyria. This disease is associated with a constel-
lation of symptoms and  signs, the worst of 
which are neurologic; however, cardiac arrest 
with thiopental is not among them. Morphine 
may be safely administered. (5:141-2, 695)

469.  (C) Both renal insufficiency and  peripheral 
neuropathy may persist after courses of ther-
apy with cisplatin. Congestive heart failure has 
been reported  after high doses of doxorubicin. 
Pulmonary fibrosis is a serious complication of 
bleomycin therapy, and  hepatic cirrhosis may 
occur after long-term therapy with methotrex-
ate, for example in patients w ith psoriasis. 
(1:1689, 1694, 1714, 1718)

470.  (D ) Dissociative anesthesia is noted  by the 
presence of open eyes and  occasional muscle 
movements that are not signs of inadequate 
anesthesia. Muscle tone may be increased  in 
d issociative anesthesia, and  the patient is not 
necessarily unconscious. (1:538; 5:1265)

471.  (B) This patient is most likely having a reaction 
to the methylparaben preservative present in 
multiple-dose vials of lidocaine. Persons allergic 
to methylparaben are also likely to be allergic to 
local anesthetics of the ester type, such as 
procaine. Since true allergy to lidocaine is 
extremely rare, a second dose of preservative-
free lidocaine is very unlikely to cause a reaction. 
Bacterial contamination of a preservative-con-
taining solution is also unlikely. Local anesthetic 
preparations containing a vasoconstrictor may 
also elicit allergic reactions due to sulfite added  
as an antioxidant. (1:571-2; 5:777)

472.  (D) Captopril inhibits conversion of angioten-
sin I to angiotensin II and  thus decreases arte-
riolar and  venous tone. (1:732-4)

473.  (A) Drug antagonism occurs when two drugs 
have effects that tend to counteract one another. 
This may occur by combination, as in the case 
of heparin–protamine interaction, or they may 
compete for the same recep tor site, as w ith 
muscle relaxants and  acetylcholine. The hall-
mark feature of competitive antagonism is the 
lack of intrinsic efficacy of the antagonist. The 
dose response curve of the agonist w ill be 
shifted  to the right, with no change in the max-
imal response. (1:46-8)

474.  (B) Succinylcholine w ill have a p rolonged 
effect in a person deficient in pseudocholines-
terase, either on the basis of a genetic defect or 
because they have taken a cholinesterase inhib-
itor such as echothiophate that is read ily 
absorbed  from the eye. Succinylmonocholine 
is a metabolite of succinylcholine with minimal 
potency and  unlikely to be the cause of pro-
longed  paralysis. While opioid  overdose can 
cause apnea and  unresponsiveness, the dose of 
fentanyl administered  to the patient in the 
vignette is too small to explain her symptoms, 
and  the same is true for the short-acting hyp-
notic propofol. Since 70% N 2O does not cause 
apnea, it is not likely to be associated  with this 
patient's current signs. (1:250; 5:500)

475.  (A) In trying to determine the cause, a nerve 
stimulator should  be used to assess the level of 
muscle relaxation. If no twitches are elicited , a 
prolonged  effect of succinylcholine is demon-
strated . Administration of the benzodiazepine 
antagonist flumazenil is not ind icated , since 
there is no mention of benzodiazepine admin-
istration in the vignette. Administration of 
carbon d ioxide by inhalation is technically d if-
ficult in most settings and  will not provide a 
definitive answer. There is no reason to admin-
ister another dose of succinylcholine. (1:459; 
5:500-1)

476.  (D) Once it has been established  that there is 
no twitch, the only course to take is to ventilate 
the patient as long as is necessary. Even with 
no measurable pseudocholinesterase activity, 
paralysis due to an intubating dose of succinyl-
choline should  w ear off w ithin an hour or 
two due to renal elimination of unmetabolized  
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succinylcholine. Neostigmine will not reverse 
the paralysis if pseudocholinesterase d efi-
ciency is the cause. Pralidoxime is unlikely to 
be effective in reactivating cholinesterase that 
is chronically inhibited  by echothiophate, and  
physostigmine is occasionally used in the treat-
ment of central anticholinergic synd rome. 
(1:86, 268; 5:500-1, 1461)

477.  (B) The intramuscular route may be used  for 
aqueous or nonaqueous solutions and  permits 
more rap id  onset than after subcu taneous 
injection. Irritating substances that may cause 
pain if injected  subcutaneously may be toler-
ated  by the intramuscular route. Absorption 
from the deltoid  or vastus lateralis muscles is 
more rapid  than from the gluteus maximus. 
The rate of absorption following intramuscular 
administration can differ significantly between 
males and  females, particularly with injections 
into the gluteus maximus that has been attrib-
uted  to d ifferent d istributions of subcutaneous 
fat. Drugs injected  into the muscle are subject 
to first-pass metabolism in the lung; the only 
exception is the intra-arterial route. (1:22-3)

478.  (D) Because of their rapid  onset times, atropine 
should  be given at the same time as edropho-
niu m  in  ord er to m inim ize sid e effects. 
Similarly, glycopyrrolate should  be given at 
the same time as neostigmine. The maximum 
recommended dose of neostigmine is 75 mcg/
kg; this w ill p roduce maximal inhibition of 
acetylcholinesterase and  a larger dose may 
actually cause depolarizing neuromuscu lar 
blockade. The d isappearance of fade during 
double-burst stimulation ind icates sufficient 
recovery of muscular function to permit endo-
tracheal extubation. A TOF ratio of 0.7 does not 
guarantee complete recovery of pharyngeal 
function; even at TOF ratio of 0.9 some patients 
may have incomplete recovery of pharyngeal 
muscles. (1:247, 267; 5:507)

479.  (E) Myotonic dystrophy is a member of a 
d iverse group of hered itary skeletal muscle 
d isorders. It is usually exacerbated  during 
pregnancy, and  is associated  with CHF and 

restrictive lung disease. Administration of suc-
cinylcholine in  these patients can lead  to 
hyperkalemic card iac arrest and  to muscle 
spasm so severe that ventilation may be impos-
sible. Nondepolarizing neuromuscular block-
ing agents w ould  not p revent or treat the 
muscle spasms in myotonia because the patho-
logic lesion is at the muscle membrane level. 
Patients with myasthenia gravis are resistant 
to the effects of succinylcholine due to the 
decreased  number of acetylcholine receptors. 
Duchenne type is the most common muscular 
dystrophy. It is recessive sex-linked , and  will 
affect males; how ever, females may exhibit 
subclinical symptoms. Patients with hypokale-
mic period ic paralysis may have increased  
serum potassium levels after administration of 
succinylcholine, however, card iac arrest is far 
less likely. Charcot-Marie-Tooth d isease is the 
m ost  frequ en t p er ip heral n eu rop ath y. 
Avoid ance of d epolarizing N MB d rugs is 
advisable but again, unlikely to cause card iac 
arrest. (5:140-5)

480.  (C) The neuroleptic state is characterized  by 
reduced  motor activity and  ind ifference to the 
surroundings. Neither amnesia nor analgesia 
are p roduced  w hen a neurolep tic agent is 
administered  by itself. (1:417; 5:701)

481.  (D) All inhalational anesthetics can produce 
CO due to their interaction with strong bases 
in  carbon d ioxid e absorbents, particu larly 
when the absorbent is d ry (such as when it has 
been flushed  with d ry gas during an entire 
weekend). The relative propensity for produc-
ing carbon monoxide is desflurane > enflurane 
> isoflu rane > sevoflu rane > halothane. 
Recomm end ations to d ecrease the risk of 
carbon monoxide production include low fresh 
gas flows, use of fresh absorbent, and  the use 
of soda lime instead  of baralyme. (5:614)

482.  (D) Additive effect refers to a combined  effect 
that is the algebraic sum of the ind ividual 
actions. The effect described  in option E would  
be synergistic. (1:77)
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483.  (A) An increased  initial slope of the curve 
ind icates an increased  rate of sevoflu rane 
uptake. An increased  rate of uptake will occur 
if the inspired  concentration of sevoflurane is 
increased , if nitrous oxide is added  to the 
inspired  gas mixture (the second  gas effect), 
or if m inu te ventilation is increased . An 
increased cardiac output will cause a decreased  
rate of anesthetic up take. Pulmonary right-
to-left shunting will lead  to a decrease in alve-
olar uptake. (5:603-5)

484.  (B) Patients with the Eaton–Lambert syndrome 
have increased sensitivity to both depolarizing 
and  nondepolarizing muscle relaxants because 
of decreased  release of acetylcholine at the 
neuromuscular junction. The syndrome does 
not respond  to acetylcholinesterase inhibitors, 
and  nondepolarizing neuromuscular blockade 
is d ifficu lt to reverse. As opposed  to some 
patients with muscular dystrophies, the myas-
thenic synd rome is not associated  w ith an 
increased  risk of MH. (5:143-4)

485.  (A) Clostridium perfrigens is a gram-positive 
rod . The d rug of choice for gas gangrene is 
penicillin G that is often combined with clinda-
mycin due to its ability to reduce toxin expres-
sion. Pharmacologic therapy always has to be 
com bined  w ith ad equate d ebrid em ent of 
infected  areas. Gas gangrene has to be treated  
with intravenous antibiotics; none of the other 
combinations listed  would  be considered  first-
line regimens. (5:1485, 1535)

486.  (B) Cimetid ine inhibits the oxidative metabo-
lism of many drugs, including d iazepam, by 
inhibiting cytochrome P450. While oral d iaze-
pam is an excellent oral preoperative sedative 
for patients undergoing inpatient surgery, the 
dose may need  to be reduced  in the setting of 
chronic cimetid ine therapy. Chronic ingestion 
of ethanol increases cytochrome P450 levels. 
There is no inhibitory effect of nitrous oxide on 
cytochrome P450. (5:699)

487.  (C) Human enzymes are not thought to be able 
to metabolize nitrous oxide. The reduction of 
nitrous oxide to nitrogen occurs to a small 

degree in the gut and  is catalyzed  by bacterial 
enzymes. Nitrous oxide is almost completely 
eliminated , but not metabolized , by the lungs. 
(1:546-7)

488.  (C) While methylmethacrylate can act as a 
d irect vasodilator in vitro, plasma concentra-
tions achieved  d u ring cem enting of joint 
rep lacem ents are 10-20 fold  below  those 
required  to cause hypotension. The mecha-
nism of bone implantation syndrome is described  
in option C, and  can lead  to acute pulmonary 
hypertension and  right heart failure. An air 
embolus of hemod ynamic consequence is 
much less likely, and  cannot be effectively 
treated  via aspiration of blood through the cen-
tral venous catheter. Venting of the long bone 
d oes not reliably p revent card iovascu lar 
compromise. (5:1204)

489.  (D) Ondansetron is a 5-HT3 receptor antago-
nist. It is an antiemetic and  acts at the chemo-
receptor trigger zone. It produces no sedation 
and  has few, if any, adverse effects. It has no 
effect on gastrointestinal motility. (1:1341)

490.  (B) The same dose of propofol is not appropri-
ate for all patients. An understand ing of the 
d iagram is important for the proper use of 
intravenous med ications. A patient in shock 
w ill have an increased  effect of p ropofol 
because the fraction of the card iac ou tpu t 
reaching the brain  is h igher in  shock. 
Furthermore, the rate of red istribu tion from 
the brain is slower because of decreased  perfu-
sion of other tissues. The patient who is anx-
ious and  has an increased  card iac output will 
have faster redistribution, and the effect will be 
shorter. Another important factor to consider 
in propofol dosing is patient age: the effect-site 
concentration of a given propofol dose will 
increase with increasing age. (5:680-3)

491.  (C) Most strains of Staphylococcus aureus pro-
duce beta lactamase that will render penicillin 
G and  ampicillin ineffective. Cefazolin and  
other first generation cephalosporins and  van-
comycin are both effective d rugs for single-
agent prophylaxis of such a wound infection; 
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how ever, the latter is usually reserved  for 
selected  patients at higher risk for MRSA-
infection. Levofloxacin is currently not recom-
mended as a first-line agent for surgical site 
infection prophylaxis. (5:235-6)

492.  (B) Carbon monoxid e shifts the oxygen–
hemoglobin d issociation curve to the left; thus 
oxygen is bound more tightly and  is less easily 
released  in tissues. Carbon monoxide com-
bines with hemoglobin at one-tenth the rate of 
oxygen, but d issociates from hemoglobin at 
only 1/ 2200 the rate of oxygen. The affinity of 
hemoglobin for carbon monoxide is therefore 
220 times that of oxygen, and an increased  FIO2
provides no protection from carbon monoxide. 
The absorbance spectra of carboxyhemoglobin 
and  oxyhemoglobin are similar, and  standard  
pulse oximeters cannot d istinguish between 
the two. Oxygen saturation readings can there-
fore be normal, even in the presence of lethal 
amounts of carboxyhemoglobin. (5:1336)

493.  (E) Filtration occu rs w hen d ru gs d iffu se 
through aqueous pores in membranes. Passive 
nonionic d iffusion is the p rocess by which 
lipid-soluble compounds d iffuse through the 
lipoidal portions of membranes. Active trans-
port mechanisms use carrier molecules for cer-
tain ligands and are thus subject to saturability. 
Option D, while a mediated  transport process, 
falls into the category of passive transmem-
brane transport. (1:19, 674)

494.  (B) Heroin is d iacetylmorphine. One or both of 
the acetyl groups may be removed via hydro-
lysis to yield  acetylmorphine and  morphine, 
respectively. (1:499-501)

495.  (B) Low-molecular-weight heparins (LMWH) 
have a more predictable pharmacokinetic pro-
file than standard  heparin that allows weight-
adjusted subcutaneous administration without 
routine laboratory monitoring. If monitoring is 
deemed necessary, anti-factor Xa activity can 
be d etermined . The incid ence of heparin-
induced  thrombocytopenia is lower as com -
pared  to standard  heparin. Even if similar 
anti-factor Xa activity is achieved  with any of 
these agents, it cannot be assumed  that they 

produce equivalent antithrombotic effects. At 
least half of the LMWH chains are too short to 
bridge antithrombin to thrombin; the same is 
true for the pentasaccharide fondaparinux. 
(1:853-6)

496.  (B) Aspirin overdose is a leading cause of over-
dose morbid ity and  mortality. Peak p lasma 
concentration may not be reached  for 4-35 h 
after intoxication with the enteric-coated  form. 
The drug causes the uncoupling of oxidative 
phosphorylation resulting in increased  carbon 
d ioxide production with resulting hyperventi-
lation and  hyperthermia. CN S symptom s 
include confusion, d izziness, tinnitus, delir-
ium, psychosis, and  in  som e cases coma. 
Miosis and  respiratory depression are charac-
teristic of intoxication w ith op ioid s. While 
lithium overdose can cause severe CNS symp-
tom s and  coma, sym ptom s w ou ld  likely 
become apparent sooner after ingestion. The 
symptoms of acute acetaminophen poisoning 
are more insid ious, p resenting as p redomi-
nantly GI symptoms over the first two days, 
follow ed  by acu te hepatic failu re in severe 
cases. (1:75, 450, 981, 984)

497.  (C) Cytochrome P450 performs many oxida-
tive reactions, including the oxidative demeth-
ylation of ketamine. While cytochrome P450 is 
capable of performing the oxidative deamina-
tion of norepinephrine in vitro, the reaction is 
performed by monoamine oxidase in vivo. The 
acetylation of hyd ralazine is catalyzed  by 
N -acetyltransferase, the conjugation of mor-
phine to glucuronide is catalyzed  by glucuro-
nyl transferase, and  the con ju gation  of 
acetaminophen to sulfate is catalyzed  by sul-
fate transferase. (1:127-8, 202)

498.  (B) Sweating and  lacrimation are two of the 
early signs of the abstinence syndrome. Chills 
and  pilomotor activity are prominent effects a 
day or two after the last dose of morphine. 
Seizures and  coma are not a part of the opioid  
w ithd raw al synd rome, bu t d o occur w ith 
abrupt withdrawal of barbiturates and  benzo-
d iazepines. Bradycard ia is one of the symp-
toms of withdrawal from cocaine. (1:660-2)
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499.  (E) All of these symptoms may occur w ith 
ACE-inhibitor therapy. Cough is a common 
side effect, whereas a loss of sense of taste is 
rare. Acute renal insufficiency is a risk in per-
sons with renal artery stenosis or a history of 
CHF. Proteinuria is less common, but is more 
likely to occur in persons w ith underlying 
renal impairment. (1:735-6)

500.  (A) The vessel-rich group  includ es those 
organs that receive the bulk of circulation. It 
includes the heart, brain, kidneys, and  liver. 
Muscle is more poorly perfused . The vessel-
rich group of tissues receives decreasing blood 
flow with increasing age, and  represents about 
10% of total bod y w eight in  ad u lts, and  
approximately 22% in the neonate, compared  
to 13% in accounting for the vessel-poor group 
in that age group. (5:254)

501.  (D) Ketorolac is a cyclooxygenase inhibitor 
that has high efficacy as an analgesic. Its major 
adverse effect is epigastric d istress. It is much 
less likely than morphine to cause sedation, 
ventilatory depression, or nausea. (1:973, 986; 
5:1304)

502.  (E) The hypovolemic patient has a greater frac-
tion of the card iac output reaching the brain, 
and  red istribu tion is less rap id  due to the 
decreased blood flow to peripheral tissues. The 
impact of blood loss on the effects of propofol 
is d ramatic, with an estimated  5-fold  increase 
in duration of action, and  a need  for 80% dose 
reduction in severe blood loss to provide effect-
site concentrations equivalent to a person with 
normal card iovascular physiology. The CNS 
response may also be affected  by the other fac-
tors listed , which alter the amount of d rug 
reaching the brain in the time immed iately 
following injection, bu t not to the extent as 
option E. The patient with renal failure is often 
hyp oalbu m inem ic; su ch p atien ts need  a 
decreased  dose of induction agent due to less 
protein binding that causes a higher unbound 
fraction to be available. Most, bu t not all 
elderly patients require lower induction doses 
of intravenous anesthetics, although the mech-
anism is unclear. Drug dosing in obese patients 
should  take into consideration lean body mass 

for the initial bolus to avoid  excessive effect-
site concentrations. (5:676-83)

503.  (C) Unlike halothane, isoflu rane p rod uces 
burst suppression of the EEG at 2 MAC. During 
carotid  endarterectomy performed under iso-
flurane anesthesia, the cortical blood flow level 
at which EEG manifestations of ischemia are 
d etected  is low er than that of halothane. 
Neither agent abolishes autoregulation of cere-
bral blood flow. Isoflurane, although produc-
ing less increase in CBF than halothane, is still 
a cerebral vasodilator. Sevoflurane and  enflu-
rane have been reported  to augment epileptic 
brain activity. (5:611)

504.  (D) Lamotrigine is an anticonvulsant agent 
useful in the treatment of partial and  general-
ized  tonic-clonic seizures. It is also effective for 
the treatment of absence seizures. Its half-life 
is reduced  when pentobarbital, carbamaze-
pine, or phenytoin is administered  concomi-
tantly. The d rug is primarily metabolized  by 
glucuronidation as opposed to gabapentin that 
is not metabolized  by humans. Lamotrigine 
also has a role in the treatment of various neu-
ropathic pain syndromes, bu t is considered  
second  line due to significant sid e effects. 
(1:584, 599-600; 5:1562)

505.  (B) Alterations in total hepatic blood  flow 
during anesthesia and  surgery can cause hepa-
tocellu lar ischem ic in ju ry w ith  resu lting 
hepatic failure in patients with stable, underly-
ing chronic liver d isease. Volatile anesthetics 
decrease hepatic blood  flow, halothane to a 
greater degree than sevoflu rane and  isoflu -
rane. There is little effect of propofol or nitrous 
oxide on hepatic blood  flow. Halothane hepa-
titis is thought to be caused  by an immune 
response to hepatic proteins that become tri-
fluoroacetylated  as a consequence of halothane 
metabolism. (1:537, 543; 5:193, 613-5)

506.  (D) Clonid ine is a centrally acting sympathetic 
inhibitor and  may suppress some withdrawal 
symptoms. Chlorpromazine is ineffective for 
this ind ication. Butorphanol and  nalbuphine 
are both op ioid  agonist–antagonist med ica-
tions that are likely to precipitate withdrawal. 
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Flum azenil is a benzod iazep ine recep tor 
antagonist. (1:468, 497, 661)

507.  (D) The emergence reactions that are seen with 
ketam ine, an N MDA recep tor antagonist, 
include d reaming, hallucinations, and  delir-
ium. These effects are less common in children. 
While ketamine produces amnesia for intraop-
erative events, the amnesia, as opposed  to pro-
found  analgesia, d oes not persist into the 
postoperative period , and  m any patients 
remember their d reams or hallucinations. The 
emergence reactions can be minimized  by the 
concurrent administration of a benzod iaze-
pine. (1:539; 5:699-700)

508.  (B) Omeprazole is an inhibitor of the H + ,K+ -
ATPase responsible for the synthesis of hydro-
chloric acid  in the stomach. In typical doses, it 
decreases the daily acid  production by about 
80-95%. In contrast, ranitid ine, as a representa-
tive of the H 2 antagonists, will decrease acid  
production by about 70%. Omeprazole has no 
effect on gastric emptying or on the volume of 
gastric ju ice. It is metabolized  by cytochrome 
P450 and  inhibits the metabolism of some 
other medications by this enzyme. (1:1311-2)

509.  (D) In patients w ith preexisting vitamin B12
deficiency, even relatively short exposures to 
n itrou s oxid e can p rod u ce m egaloblastic 
changes and  a neuropathy. The neurologic 
findings characteristic of vitamin B12 deficiency 
are a bilateral peripheral neuropathy that 
affects predominantly the lower extremities as 
well as an unsteady gait and  d iminished  deep 
tendon reflexes. Nitrous oxide has been shown 
to irreversibly inactivate the enzyme methio-
nine synthase that ultimately leads to impaired  
synthesis of phospholipids, myelin, and  thy-
m id ine that is an  essen tial DN A-base. 
Megaloblastic hematopoiesis and  subacu te 
combined  degeneration of the spinal cord  can 
ensue. (1:546-7; 5:613)

510.  (E) Pharmacologic preparation of the patient 
does not preclude good airway management. 
H istamine H 2-recep tor antagonists d o not 
p rotect against asp iration, do not facilitate 
gastric emptying, nor do they have any effect 

on flu id  that is already present in the stomach. 
If administered  2-3 h before induction of anes-
thesia, they will increase gastric pH and  by 
decreasing gastric acid  secretion lead  to lower 
residual gastric volumes. There is no need  to 
use histamine H 2-receptor antagonists in all 
patients. (1:1313; 5:1033-4)

511.  (B) All volatile anesthetics and  depolarizing 
m uscle relaxants (eg, succinylcholine) are 
known to be triggering agents in patients sus-
ceptible to malignant hyperthermia. All other 
medications are considered  safe. (5:615, 1497)

512.  (A) Losartan is a competitive antagonist of 
angiotensin II. Prazosin is an α-ad renergic 
antagonist, nesiritide a recombinant B-type 
natriuretic peptide, and  minoxid il and  hydral-
azine are arterial vasodilators. (1:767; 5:747)

513.  (A) Administration of a vasod ilator such as 
nicard ipine would  move the ventricular func-
tion curve from A to C, resulting in improved  
ventricu lar function while reducing card iac 
filling pressures. An inotrope, such as dobuta-
mine w ou ld  resu lt in  a higher ventricu lar 
curve, from A to B, resulting in greater card iac 
work at the same ventricular filling pressures. 
Diuretics improve CHF symptoms by moving 
filling p ressures along the same ventricu lar 
function curve from A to D. The combination 
of inotropes and  vasodilators would  result in 
a shift of the Frank-Starling curve from A to E. 
(1:792)

514.  (E) The combination of inotrope, d iuretic, and  
vasodilator would result in a shift of the Frank-
Starling curve from A to F. (1:792)

515.  (B) Fospropofol is a water-soluble prodrug of 
propofol supplied  as a 3.5% aqueous solution 
and  is not associated  with pain on injection. 
Unlike propofol the drug has a small volume 
of d istribution, and  has a significant lag time 
of approximately 3-4 min after intravenous 
administration before consciousness is lost. 
The recommended bolus dose is 6.5 mg/ kg. 
(1:536; 5:693)
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516.  (E) All of the agents mentioned  will lead  to a 
decrease in pu lmonary vascu lar resistance, 
each through a d ifferent mechanism. Inhaled  
nitric oxide is used  for the treatment of acute 
pu lmonary hypertension and  acts through 
stimulation of soluble guanylate cyclase with 
resultant vascular smooth muscle relaxation. 
Intravenous prostacyclin (epoprostenol, PGI2)
induces relaxation of smooth muscle by stimu-
lating the production of cyclic AMP and can 
also be administered  via inhalation. Other 
d rugs in this category are inhaled  iloprost and  
subcutaneous treprostinil. Sildenafil is a phos-
phod iesterase type 5 inhibitor. These d rugs 
have an acute pulmonary vasod ilator effect 
that is due to enhancement of nitric oxide-
mediated  pulmonary vasodilation. Bosentan is 
an orally active endothelin antagonist used  for 
th e treatm en t of p r im ary p u lm onary 
hypertension. (1:1059-60)

517.  (K) Antid iu retic hormone, or arginine vaso-
pressin, is an agonist at the vasopressin V1
receptor. (1:704)

518.  (F) Inamrinone is an inhibitor of phosphodies-
terase-3 (PDE3). (1:805)

519.  (H) Sildenafil is an inhibitor of phosphodies-
terase-5 (PDE5). (1:50)

520.  (I) Valsartan is a competitive antagonist at the 
angiotensin-1 (AT1) receptor. (1:736)

521.  (G) Spironolactone is a competitive antagonist 
of aldosterone in the collecting duct. (1:692-3)

522.  (B) Acetazolamide in an inhibitor of carbonic 
anhydrase in the proximal tubule. (1:677-8)

523.  (E) Furosemide is an inhibitor of the Na+ -K+ -
2Cl– symport in the thick ascending limb of the 
loop of Henle. (1:682)



CHAPTER 8

General Anes thes ia
Ques tions

DIRECTIONS (Questions 524 through 558): Each of 
the numbered  items or incomplete statements in 
this section is followed by answers or by comple-
tions of the statement. Select the ONE lettered  
answer or completion that is BEST in each case.

524. A patient with obstructive lung d isease has an 
altered  anesthetic induction with an insoluble 
agent because of

(A)  decreased  card iac output
(B)  increased  perfusion
(C)  increased  PCO2

(D)  uneven ventilation
(E)  decreased  minute volume

525. The term MAC refers to

(A)  the median anesthetic concentration
(B)  the anesthetic concentration that pre-

vents movement after skin incision in 
50% of patients

(C)  a measurement that is not affected  by 
age

(D)  a measurement that is pertinent only to 
volatile anesthetics

(E)  the mean alveolar concentration

526. Signs of inadequate general anesthesia include 
all of the following EXCEPT

(A)  eyelid  movement
(B)  pupillary constriction
(C)  hyperventilation
(D)  sweating
(E)  limb movement

527. A patient has chronic obstructive pulmonary 
d isease requiring the constant administration 
of oxygen. He is dyspneic at rest and  can walk 

at most 20 feet before need ing to rest. He is 
scheduled  to undergo an exploratory laparot-
omy because of a small bowel obstruction. He 
would  be classified  by the American Society of 
Anesthesiologists as physical status

(A)  III
(B)  IIIE
(C)  IVE
(D)  V
(E)  VE

528. The person who performed  the first public 
demonstration of d iethyl ether as a general 
anesthetic was

(A)  Karl Koller
(B)  William Thomas Green Morton
(C)  Horace Wells
(D)  Charles Jackson
(E)  John Collins Warren

529. The most common postoperative visual com-
plication following general anesthesia is

(A)  retinal detachment
(B)  retinal artery occlusion
(C)  ischemic optic neuropathy
(D)  vitreous hemorrhage
(E)  corneal abrasion

530. The correlation of anesthetic potency w ith 
lip id  solubility is known as the ru le of

(A)  Ferguson
(B)  Michaelis and  Menten
(C)  Henderson and  Hasselbalch
(D)  Singer and  Nicholson
(E)  Meyer and  Overton

133
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531. One mL of desflurane liqu id  occupies what 
volume at 1 atm pressure and  37°C if all of the 
liquid  is vaporized? The ideal gas constant is 
0.082 L-atm-°K−1-mole−1, the specific gravity of 
desflurane is 1.45, and  its molecular weight is 
168.

(A)  219 mL
(B)  238 mL
(C)  243 mL
(D)  256 mL
(E)  276 mL

532. The correct ord er of solu bilities in  blood , 
from greatest to least, among the volatile anes-
thetics is

(A)  halothane > isoflurane > sevoflurane > 
desflurane

(B)  sevoflurane > isoflurane > desflurane > 
halothane

(C)  desflurane > isoflurane > sevoflurane > 
halothane

(D)  desflurane > halothane > sevoflurane > 
isoflurane

(E)  sevoflurane > halothane > desflurane > 
isoflurane

533. The state of general anesthesia may be reversed  
by

(A)  the administration of a competitive 
antagonist

(B)  increasing the atmospheric pressure
(C)  increasing the ambient temperature
(D)  decreasing the ambient temperature
(E)  the administration of any medication 

that increases cerebral perfusion

534. A 30-year-old  patient is to have a cholecystec-
tomy. The anesthesiologist decides to use sevo-
flurane in oxygen as the sole anesthetic agent, 
w ith  no other m ed ications ad m inistered . 
Approximately what concentration of sevoflu-
rane will be required  to prevent hemodynamic 
changes in response to surgical incision?

(A)  2.1%
(B)  3.4%

(C)  4.6%
(D)  5.5%
(E)  6.4%

535. If 2% isoflurane in oxygen, flowing at a rate of 
3 L/ min, is added  to a circle system, what will 
the concentration of isoflurane be after 6 min? 
Assume complete mixing of gas in the system, 
and  that excess gas is scavenged . The reservoir 
bag has a volume of 2 L, the carbon d ioxide 
absorber has a volume of 3 L, and  the connect-
ing hose and  valves have a volume of 1 L.

(A)  1%
(B)  1.26%
(C)  1.73%
(D)  1.90%
(E)  1.96%

536. If the uptake of gaseous anesthetic in L/ min is 
x, and  the patient’s card iac output suddenly 
doubles, the rate of uptake

(A)  cannot be calculated  without further 
information

(B)  will become x/ 2
(C)  will become 2x
(D)  will become 4x
(E)  will become x2

537. The likelihood  of intraoperative aw areness 
under general anesthesia is highest with the 
use of

(A)  inadequate benzodiazepine doses
(B)  high-dose opioids
(C)  muscle relaxants
(D)  no premedication
(E)  nitrous oxide as the sole gaseous anes-

thetic

538. Stage 2 anesthesia can be characterized  by all 
of the following signs EXCEPT

(A)  amnesia
(B)  purposeless movement
(C)  hypoventilation
(D)  d isconjugate gaze
(E)  increased  airway reflexes
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539. Contraindications to the d ischarge to home of 
a patient who had  a hernia repair under gen-
eral anesthesia include all of the following 
EXCEPT

(A)  nausea
(B)  inability to drink liquids without vomit-

ing
(C)  heart rate 50% higher than the preopera-

tive value
(D)  inability to walk due to groin pain
(E)  d isorientation to person and  place

540. You are given the honor of provid ing the first 
anesthetic in  a new  rad iology room. The 
patient is a 38-year-old  man with an arteriove-
nous malformation of the thoracic spine that is 
causing severe pain but no neurologic deficit. 
The rad iologist plans to embolize the lesion, 
and  estimates that the procedure will require 
ten hours. Which one of the following is the 
LEAST important requirement for the room in 
which this procedure will occur?

(A)  Pipeline oxygen supply
(B)  Pipeline nitrous oxide supply
(C)  Adequate space to place an anesthesia 

machine in proximity to the patient
(D)  Availability of suction
(E)  Auxiliary lighting available to the anes-

thesiologist

541. A 22-year-old  patient is brought to the operat-
ing room for repair of a fractured femur. He fell 
off a boat and  remained  in the water for a long 
time prior to rescue. He is hypothermic with a 
temperature of 33°C. Other vital signs and  lab-
oratory values are normal. It can be assumed 
that the MAC for isoflurane in this patient is 
approximately

(A)  1%
(B)  1.25%
(C)  1.5%

(D)  1.75%
(E)  2%

542. Which one of the following volatile agents 
undergoes the greatest degree of biotransfor-
mation?

(A)  halothane
(B)  isoflurane
(C)  desflurane
(D)  sevoflurane
(E)  nitrous oxide

543. All of the following factors determine alveolar 
tension of an inhaled  anesthetic EXCEPT

(A)  minute ventilation
(B)  blood:gas partition coefficient
(C)  card iac output
(D)  inspired  concentration
(E)  body temperature

544. The second gas effect

(A)  has its maximum effect early in an anes-
thetic

(B)  applies only to anesthetic gases
(C)  applies only to nitrous oxide
(D)  involves tw o gases ad m inistered  at 

similar concentrations
(E)  may be responsible for d iffusion 

hypoxia

545. At the anesthetic level associated with the alve-
olar concentration MAC-awake, patients

(A)  do not respond  to simple commands
(B)  will not move in response to a surgical 

incision
(C)  are likely to remember what is told  to 

them
(D)  may manifest signs of excitement
(E)  will likely be apneic
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546. During a surgical procedure to repair a trau-
matized  liver in a patient who was in a motor 
vehicle accident, the patient required  100% O2
in order to maintain an adequate value for 
oxygen saturation, and  each time a volatile 
anesthetic w as given, the blood  p ressu re 
d ropped  to an unacceptable value. A medica-
tion that might prevent the occurrence of recall 
for intraoperative events in the absence of 
nitrous oxide and  a volatile agent is

(A)  morphine
(B)  fentanyl
(C)  scopolamine
(D)  droperidol
(E)  dexmedetomidine

547. During general anesthesia w ith isoflu rane, 
nitrous oxide, and  cisatracu rium, expected  
ocular effects include

(A)  mild ly increased  intraocular pressure in 
normal ind ividuals

(B)  ablation of the oculocard iac reflex
(C)  mydriasis
(D)  ocular akinesia
(E)  angle closure glaucoma in susceptible 

patients

548. A patient has had  a total laryngectomy in the 
d istant past. The patient now presents for mas-
tectomy and  axillary node d issection for the 
management of breast cancer. A reasonable 
method  of managing this patient’s airw ay 
during general anesthesia is inserting a(n)

(A)  low-pressure cuffed  endotracheal tube 
via the mouth

(B)  nasotracheal RAE tube
(C)  oral airway to prevent obstruction
(D)  laryngeal mask airway
(E)  reinforced , cuffed  endotracheal tube into 

the tracheostomy stoma

549. Nasotracheal intubation may be used  safely in 
a patient who has

(A)  fractures of the lower cervical sp ine and  
the ethmoid  bone

(B)  a LeFort I fracture of the maxilla

(C)  a LeFort II fracture of the maxilla
(D)  a LeFort III fracture of the maxilla
(E)  a CSF leak requiring repair

550. A 24-year-old  w oman is to have d iagnostic 
laparoscopy as an outpatient. Her medical his-
tory is significant only for symptomatic gastro-
esophageal reflux. She is 61 inches tall and  
weighs 185 pounds. Prior to the induction of 
general anesthesia, she shou ld  be p remed i-
cated  w ith all of the following med ications 
EXCEPT

(A)  metoclopramide
(B)  droperidol
(C)  glycopyrrolate
(D)  cimetid ine
(E)  ondansetron

551. Among all patients undergoing general anes-
thesia, the overall risk of awareness is approx-
imately one case in how many anesthetics?

(A)  75
(B)  325
(C)  700
(D)  2,200
(E)  6,300

552. Moderate sedation is associated  with all of the 
following characteristics EXCEPT the patient

(A)  follows a simple command like making 
a fist

(B)  may need  a jaw thrust to relieve airway 
obstruction

(C)  says ”ouch” (or its equivalent) when 
pinched

(D)  has a normal minute ventilation
(E)  has a normal blood pressure

553. If nitrous oxide is administered  at a constant 
concentration, the uptake into the bloodstream 
in milliliters per minute will

(A)  be constant
(B)  increase with time
(C)  decrease with time
(D)  depend  on temperature
(E)  be independent of concentration
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554. An 85-kg patient was brought urgently to the 
operating room after sustaining multiple gun-
shot w ounds to the abdomen. Exploratory 
laparotomy revealed  multiple injuries to both 
large and  small bowel that were repaired  by 
resecting the damaged segments and  perform-
ing anastomoses. There were no vascular inju-
ries and  the prolonged surgical procedure was 
associated  with little blood  loss. What is the 
m ost reasonable infu sion rate of lactated  
Ringer solu tion intraoperatively in order to 
maintain adequate urine output in the absence 
of significant blood  loss?

(A)  175 mL/ h
(B)  400 mL/ h
(C)  750 mL/ h
(D)  1,400 mL/ h
(E)  2,200 mL/ h

555. Intraarterial injection of which one of these 
med ications may lead  to limb-threatening 
ischemia d istal to the arterial catheter?

(A)  sodium nitroprusside
(B)  methohexital
(C)  bupivacaine
(D)  verapamil
(E)  papaverine

556. Superficial thrombophlebitis may follow the 
intravenous injection of many med ications. 
Which one of the following medications has 
the LOWEST incidence of thrombophlebitis?

(A)  midazolam
(B)  lorazepam
(C)  d iazepam
(D)  etomidate
(E)  dantrolene

557. Which one of the follow ing med ications is 
thought to be the safest during the first trimes-
ter of pregnancy?

(A)  Prednisone
(B)  Diazepam
(C)  Warfarin
(D)  Phenytoin
(E)  Thalidomide

558. A young, previously healthy man suffered  an 
extensive crush injury to his lower extremities 
at work. Before being brought to the operating 
room for debridement of devitalized  tissue, 
he was given lactated  Ringer solution in the 
emergency department and  was considered  
euvolemic by the anesthesiologist at the begin-
ning of the case. As the su rgical p roced u re 
p rogressed , the surgeon requested  that 5% 
albumin solu tion be given instead  of add i-
tional lactated  Ringer solution. Such use would  
be expected  to cause

(A)  an unequivocal decrease in mortality
(B)  an unequivocal increase in mortality
(C)  less of an impairment of coagulation 

than 10% dextran 40 solution
(D)  less of an impairment of coagulation 

than 10% pentastarch solution
(E)  a low incidence of allergic reaction as 

long as the blood  types are matched
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524.  (D) The patient with chronic obstructive lung 
disease has a prolonged induction due to ventila-
tion/ perfusion mismatching. The cardiac output 
is usually not decreased. The increased PCO2 does 
not d irectly affect the uptake of the agent. 
Decreased minute volume is not a factor. (5:604)

525.  (B) The term MAC refers to minimum alveolar 
concentration. It is defined  as the alveolar 
anesthetic concentration sufficient to prevent 
movement in response to surgical incision in 
50% of the subjects. It decreases with increas-
ing age. MAC can be used  to specify the 
potency of both volatile and  gaseous anesthet-
ics. It should  be apparent to the reader that 
since MAC refers to a midpoint in a popula-
tion, the word  ”minimum” is a misnomer and  
in fact ”mean” or “median” would  have been 
more accurate. (5:598, 607)

526.  (B) Pupillary d ilatation is one of the signs of 
light anesthesia, as are tachypnea, sweating, 
and somatic movement. Lack of eye movement 
and  pupillary constriction are two determi-
nants of adequate depth. (5:608)

527.  (C) This patient would  be classified  as physical 
status IV because he has an incapacitating sys-
temic illness. Because the patient is to undergo 
an emergency procedure, “E” is added  to the 
physical status. (5:54)

528.  (B) William Thomas Green Morton demon-
strated  the general anesthetic effect of d iethyl 
ether at Massachusetts General Hospital on 
October 16, 1846. John Collins Warren was the 
surgeon. Charles Jackson was Morton’s chem-
istry professor at Harvard  Medical School and  

taught him about the chemical properties of 
ether. Horace Wells demonstrated  the effects of 
nitrous oxide at MGH a year before Morton’s 
demonstration; Wells’ demonstration was con-
sidered  a failure because the patient cried  out 
w hen his tooth w as extracted , although he 
later said  that he felt no pain and  remembered  
nothing. Karl Koller was the first person to use 
cocaine as a local anesthetic in surgery. (5:2)

529.  (E) While all of the listed  visual complications 
have been reported  following general anesthe-
sia, corneal abrasion is by far the most common. 
(5:370)

530.  (E) The Meyer-Overton rule states that anes-
thetic potency is proportional to lipid  solubil-
ity, and  this ru le is valid  for the majority of 
gaseous anesthetics. Ferguson’s rule states that 
anesthetic potency is proportional to thermo-
dynamic activity (ideal solubility). Singer and  
Nicholson proposed  the lip id  bilayer hypoth-
esis of membrane structure. (5:600)

531.  (A) One mL of desflurane liquid  is 1.45 g or 
0.00863 mole (1.45 g/ 168 g/ mole). Thus, by the 
ideal gas law, V =  nRT/ P =  (0.00863) ×  (0.082) 
×  (273 +  37) =  0.219 L =  219 mL. (5:627)

532.  (A) The correct order of solubilities in blood, 
from greatest to least, among the volatile anes-
thetics is halothane > isoflurane > sevoflurane 
> desflurane. (5:598)

533.  (B) The state of general anesthesia, produced  
by gaseous agents or barbitu rates, may be 
reversed  by increasing the atmospheric pres-
sure. (5:588)

Answers  and Explana tions
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534.  (C) MAC is defined  in terms of the prevention 
of movement in response to skin incision in 
50% of patients. It is therefore the value for the 
ED50 and  is abou t 2.1% for sevoflu rane. A 
more reasonable target for clinical anesthesia 
is the ED95 and  that value is about 1.3-fold  
higher than the ED50. Blunting the autonomic 
response to skin incision requires about 1.7-
fold  higher a concentration than preventing 
movement in response to incision. Therefore, a 
reasonable target in this case is 2.1% ×  1.3 ×
1.7 =  4.6% sevoflurane. (5:598, 607-8)

535.  (D) The time constant of the circuit is its total 
volume (6 L) d ivided  by the fresh gas flow rate 
(3 L/ min), or 2 min. The concentration at any 
point in time is given by the following expo-
nential equation:

C =  Co(1 −  e-(t/ τ))

where Co is the concentration in the fresh gas 
(2%), τ is the time constant (2 min), and t is the 
time in question (6 min). Thus, after one time 
constant has elapsed, the concentration in the 
system is 63.2% of the fresh gas concentration or 
1.26% isoflurane; after two time constants, 86.5% 
or 1.73% isoflurane; after three time constants, 
95% or 1.9% isoflurane; and after four time con-
stants, 98.2% or 1.96% isoflurane. (5:601)

536.  (C) Uptake by the blood  of a gaseous anes-
thetic from the lung is proportional to card iac 
output. Thus, if the card iac ou tput doubles, 
uptake will double. (5:601-2)

537.  (C) The likelihood  of recall is not correlated  
with the use, or the lack of use, of any anesthetic 
agent. However, the use of muscle relaxants, 
which may block the observation of movement 
as a sign of inadequate anesthesia, is the phar-
macological risk factor of greatest importance 
for intraoperative awareness. (5:609-10)

538.  (C) The second stage of anesthesia is character-
ized by excitement, somatic movement, increased  
airway reflexes, d isconjugate gaze, hyperten-
sion, hyperventilation, loss of consciousness, 
and  amnesia. (5:606)

539.  (A) Nausea without vomiting is very common 
after general anesthesia and  as an isolated  
symptom is not a contraindication to d ischarge 
to home. Patients should  be oriented  and  their 
vital signs should  be near their preoperative 
values. Their pain should  be under reasonable 
control and  they shou ld  be able to tolerate 
flu ids without vomiting. (5:1278-84)

540.  (B) This patient requires a general anesthetic 
because of his pain and because of the expected  
duration of the procedure. General anesthesia 
would  most likely be provided  by an anesthe-
sia machine located near the patient. If the flow 
of nitrous oxide is set at 2 L/ min, a single fu ll 
cylinder would  last for about 13 h. Conversely, 
the ventilator might requ ire 10-20 L/ min, 
meaning that an oxygen cylinder might last for 
only 30-60 min; a supply of wall oxygen is gen-
erally required  whenever a ventilator is to be 
used . The anesthesiologist also must have the 
ability to suction the patient’s airway and  to 
see the patient and  the anesthesia equipment, 
considering that much of the proposed  proce-
dure will take place with the room darkened . 
(A SA Statement on N onoperating Room 
Anesthetizing Locations, www.asahq.org/for-mem-
bers/standards-guidelines-and-statements.aspx)

541.  (A) The effect of altered  body temperature on 
MAC is to decrease MAC by approximately 5% 
for each 1°C decrease from normal body tem-
perature. (5:598, 607)

542.  (A) Nitrous oxide is not metabolized , and  iso-
flu rane and  d esflu rane u nd ergo m inim al 
metabolism. Sevoflurane is about 5% metabo-
lized  while halothane is about 20% metabo-
lized . (5:598)

543.  (E) Minute ventilation, inspired  concentration, 
blood :gas partition coefficient, and  card iac 
outpu t all affect the alveolar tension of the 
anesthetic gas. Body temperature has no effect. 
(5:600-2)

544.  (A) The second  gas effect occurs w hen the 
administration of a high concentration of one 
gas increases the rise in alveolar concentration 
of another gas. This effect may apply to any 
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gas. The maximum effect in anesthesia is early 
in the course of the anesthetic, and  one of the 
gases must be capable of being given in high 
concentration. Diffusion hypoxia may occur at 
the end  of an anesthetic when the d iffusion of 
large volumes of nitrous oxide from the pul-
monary circulation to the alveoli d ilu tes the 
alveolar concentration of oxygen. (5:605)

545.  (D) MAC-awake is the alveolar concentration 
of an inhalational anesthetic at which 50% of 
the patients respond to commands. This value 
may be applied  to patients as general anesthe-
sia is being induced , or as they are emerging 
from anesthesia, and  is similar to the alveolar 
concentrations associated  with the excitement 
stage. This concentration is lower than that 
which will prevent movement in response to 
incision (or MAC) or result in apnea. Patients 
are usually amnestic for events that occur at 
MAC-awake. (5:607-8)

546.  (C) Scopolamine produces anterograde amne-
sia in most patients without adversely affect-
ing blood pressure and cardiac output. Opioids 
(like morphine and  fentanyl), butyrophenones 
(like droperidol), and α2-adrenoceptor agonists 
(like dexmedetomid ine) are not associated  
with amnesia. (5:1374)

547.  (D) Isoflurane decreases intraocular pressure 
and  cisatracurium renders the eye immobile. 
Deep general anesthesia does not prevent the 
ocu locard iac reflex. Med ications that cause 
mydriasis may precipitate an episode of angle 
closu re glaucoma in su scep tible patients. 
(5:608, 1210, 1220)

548.  (E) A patient who has had a total laryngectomy 
usually has a permanent tracheostomy stoma 
in the neck. Such patients have no connection 
to the airway via the oral route, thus oral or 
nasal intubation or the p lacement of a laryn-
geal mask airway is impossible. The stoma 
may be intubated  and  a reinforced  tube is a 
popular choice. An alternative is to supp ly 
supplemental oxygen via a tracheostomy mask 
w hile the patient breathes spontaneously 
during total intravenous anesthesia. (5:127)

549.  (B) LeFort II and  III fractures, fractures of the 
ethmoid  bone, and  a CSF leak all increase the 
risk of the endotracheal tube penetrating into 
the brain during nasotracheal intubation. This 
risk is not present if the patient has a LeFort I 
fracture. (5:1243-4)

550.  (C) Patients with symptomatic reflux should  
be premedicated  with a histamine H 2 antago-
nist (such as cimetid ine) and  a gastrointestinal 
prokinetic agent (such as metoclopramide) in 
order to decrease the volume and  increase the 
pH of the gastric contents. This patient also has 
several risk factors for postoperative nausea 
and vomiting, including female gender, young 
age, obesity, and  an emetogenic operative pro-
cedure. She should  receive antiemetic prophy-
laxis such as with droperidol and ondansetron. 
She has no indication for preoperative glyco-
pyrrolate. (5:78, 80, 1034)

551.  (C) In a combination of stud ies including over 
30,000 anesthetics, the incidence of awareness 
was found  to be about 0.13%. (5:608)

552.  (B) The patient und er m od erate sed ation 
should  maintain an unobstructed  airway with-
out assistance. Card iorespiratory parameters 
shou ld  be normal or near normal, and  the 
patient should  respond appropriately to pain 
or a command. (5:1261)

553.  (C) The uptake will decrease over time as equi-
librium is reached. The uptake is dependent on 
concentration, being greater with a higher con-
centration. (5:600-3)

554.  (C) This procedure w ould  be considered  a 
“major” surgical trauma in terms of intraop-
erative flu id  replacement needs, and  therefore 
intraoperative flu id  replacement in the range 
of 6-12 mL/ kg/ h is likely to be appropriate for 
this patient. (5:534)

555.  (B) The accidental intraarterial injection of a 
barbiturate solution is likely to lead  to intense 
vasospasm that may put the limb at risk of loss 
unless there is timely treatment with a vasodi-
lator such as papaverine, sod ium nitroprus-
side, or verapamil, also injected  intraarterially. 
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The accidental intraarterial injection of a local 
anesthetic into an artery above the d iaphragm 
may result in retrograde flow of the local anes-
thetic and  subsequent d elivery to the brain 
by a carotid  or vertebral artery resulting in a 
seizure. (5:694)

556.  (A) Of the injectable benzod iazepines, mid -
azolam has the lowest incidence of thrombo-
phlebitis because it is the only one that does 
not contain propylene glycol in the vehicle. 
Etomidate solu tion also contains propylene 
glycol. Dantrolene solution is irritating because 
it has a high pH and is hyperosmolar. (5:697,
699, 1500)

557.  (B) Older data suggested  that d iazepam might 
have teratogenic effects, but that is no longer 

thought to be the case. The other medications 
listed  are likely or certain  teratogens in 
humans. (5:247, 298, 1150)

558.  (C) The use of albumin instead  of crystalloid  
solution in the general patient population is 
associated  w ith neither an increase, nor a 
decrease, in mortality, and  somewhat contro-
versial in the trauma population, particularly 
in those patients with traumatic brain injury. 
There is little effect on coagulation with albu-
min or w ith pentastarch, how ever dextran 
solu tions do impair coagu lation. Albumin 
solutions are not associated  with a particular 
blood type. (5:539-41)
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CHAPTER 9

Regional Anes thes ia
Ques tions

DIRECTIONS (Questions 559-600): Each of the 
numbered  items or incomplete statements in this 
section is followed by answers or by completions of 
the statement. Select the ONE lettered  answer or 
completion that is BEST in each case.

559. As the supervising anesthesiologist you are 
assigned to four operating rooms staffed  by 
CRNA’s. Regional anesthesia is preferred in all 
cases; however, you are concerned about the use 
of regional anesthesia in the setting of antico-
agulation. Of the following clinical scenarios, 
which patient is most likely to sustain a bleeding 
complication from regional anesthesia?

(A)  A 46-year-old  male who takes a baby 
aspirin daily and  undergoes a spinal 
anesthetic for a knee arthroscopy.

(B)  An elderly female with osteoporosis 
undergoing a total knee arthroplasty 
under epidural analgesia and receiving 
low-molecular-weight heparin once daily.

(C)  A 56-year-old  female who d iscontinued  
clopidogrel ten days prior to having an 
epidural placed  for postoperative pain 
control following a right hemicolectomy.

(D)  A 23-year-old  healthy parturient who 
consumes daily garlic supplements 
undergoing an elective cesarean section.

560. As the chief of anesthesiology in your hospital, 
you are asked  by the administration to d iscuss 
a process that is important in promoting a safe 
regional anesthesia practice. Which one of the 
following topics is the most important one to 
d iscuss?

(A)  Patient care team education and  aware-
ness of limb protection and  neurologic 
evaluation.

(B)  Details regard ing billing compliance.
(C)  Knowledge of when to change the bolus 

rate of a continuous intrathecal catheter.
(D)  Training of medical students and  resi-

dents in appropriate use of liposomal 
local anesthetics.

561. A 71-year-old  man with osteoarthritis of the 
right hip is undergoing a right total hip arthro-
plasty. You decide to perform a spinal anes-
thetic. While assessing the landmarks when 
choosing the interspace in which to perform 
the lumbar puncture, you must remember that 
the caudal termination of the adult spinal cord  
is typically at

(A)  T11-T12
(B)  L1-L2
(C)  L4-L5
(D)  L5-S1
(E)  S2-S3

562. A 92-year-old  man is undergoing total knee 
arthroplasty for severe painful osteoarthritis. 
After struggling in the placement of a lumbar 
spinal anesthetic, you decide to use the Taylor 
approach. What best characterizes the Taylor 
approach to performing spinal anesthesia?

(A)  Uses image guidance to facilitate bony 
landmarks

(B)  Uses a mid line and  steep angled  
approach

(C)  Uses microcatheters to produce 
long-lasting blocks

(D)  Uses a loss of resistance technique with 
air

(E)  Uses a paramedian approach at L5-S1

143



144     9: Regiona l Anes thes ia

563. You are d iscussing a labor epidural analgesia 
w ith a 25-year-old  partu rient. She also hap-
pens to be a physician who is curious on what 
is the most popular technique for confirming 
correct need le location when performing an 
epidural block. You respond that the most pop-
ular technique is

(A)  loss of resistance to either saline or air
(B)  u ltrasound imaging
(C)  rad iographic confirmation
(D)  patient response
(E)  block quality

564. What is the primary barrier to drug absorption 
from the epidural space into the CSF?

(A)  Arachnoid  mater
(B)  Dura mater
(C)  Pia mater
(D)  Spinous process
(E)  Ligamentum flavum

565. A 68-year-old  man with rheumatoid  arthritis 
undergoes a left total knee arthroplasty. You 
prefer to use an isobaric solution over a hyper-
baric or hypobaric solution because

(A)  an isobaric solution will rise in the 
CSF when the patient is in the supine 
position

(B)  a hyperbaric solution will sink in the 
CSF

(C)  an isobaric solution will settle in the 
most dependent region of the thoracic 
spine in the supine position

(D)  an isobaric solution will rise less than a 
hyperbaric solution and  potentially lead  
to less hypotension

(E)  an isobaric solution of 0.5% bupivacaine 
is approved  by the FDA for spinal anes-
thesia

566. A 25-year-old  football p layer presents for a 
right knee arthroscopy after sustaining a 
medial meniscus tear. He is frightened  of gen-
eral anesthesia and  wants to remain awake 
throughou t su rgery. In your d iscussion of 
spinal anesthesia in the ambulatory setting, the 
top ic of transient neu rological symptom s 

(TNS) arises. Which local anesthetic is associ-
ated  with the highest risk of sustaining TNS?

(A)  Tetracaine
(B)  Bupivacaine
(C)  Lidocaine
(D)  Chloroprocaine
(E)  Ropivacaine

567. A patient receives a lumbar ep idural block 
with 2% lidocaine for a vaginal hysterectomy. 
Three hours after surgery the patient reports a 
dense motor block. An MRI demonstrates a 
lu m bar  ep id u ral hem atom a. For  the best 
neu rologic outcome, it is recommended that a 
surgical evacuation of the hematoma occurs 
within

(A)  2-4 h
(B)  4-6 h
(C)  6-8 h
(D)  10-12 h
(E)  16-24 h

568. A 54-year-old  woman with rheumatoid  arthri-
tis is sched u led  for total knee rep lacement. 
The anesthesiologist p lans to use 0.5% plain 
bupivacaine to which 25 mcg of clonid ine has 
been added  for spinal anesthesia. Intrathecal 
clonid ine

(A)  will shorten the duration of the spinal 
block

(B)  can prolong the spinal motor block
(C)  is contraindicated  in pregnant patients
(D)  provides a reliable surgical block as a 

sole agent
(E)  has not been approved by the FDA for 

epidural use

569. A 42-year-old  man presents for ACL repair to 
your ambulatory surgery center. You decide to 
perform a spinal anesthetic because the patient 
asks to watch the surgery. You have a slow sur-
geon and  contemplate adding 100 micrograms 
of epinephrine to your local anesthetic. What 
is the major drawback to adding epinephrine 
to a local anesthetic for spinal anesthesia in an 
ambulatory patient?
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(A)  Induces vomiting
(B)  Does not add  clinical benefit
(C)  Delays gastric emptying
(D)  Delays return of bladder function
(E)  Causes itching

570. A 27-year-old  healthy female presents for a 
triple arthrodesis of the ankle. She prefers to 
have a sp inal anesthetic, bu t recalls feeling 
short of breath during a previous spinal anes-
thetic for cesarean section. You tell her that

(A)  gross pulmonary function is maintained  
with spinal anesthesia in healthy adults

(B)  spinal anesthesia never compromises 
pulmonary function

(C)  spinal anesthesia results in severe pul-
monary compromise and  general anes-
thesia is her best choice

(D)  spinal anesthesia routinely blocks the 
phrenic nerve and  she probably had  a 
phrenic nerve palsy during her previous 
cesarean section

(E)  spinal anesthesia rarely impairs pulmo-
nary function and  is the anesthetic of 
choice in patients with severe cystic 
fibrosis

571. A 25-year-old  parturient presents for an elec-
tive cesarean section. After performing a spinal 
anesthetic with 13.5 mg of hyperbaric bupiva-
caine, the patient reports “feeling sick to her 
stomach.” Subsequently you notice the blood  
pressure is 62/ 30. The best descrip tion of the 
card iovascular response to a spinal anesthetic 
is that

(A)  no hemodynamic changes occur
(B)  both arterial and  venous vasodilation 

contribute to hypotension
(C)  it exacerbates d iastolic dysfunction
(D)  hypotension only occurs in patients 

with stenotic valvular lesions
(E)  it worsens regurgitant valvular lesions

572. A 33-year-old  male undergoes a subgluteal sci-
atic nerve block for open repair of an ankle 
fracture. In preparing for the block, the pri-
mary d rug therapy that the anesthesiologist 

must consider using for local anesthetic sys-
temic toxicity is

(A)  lidocaine
(B)  epinephrine
(C)  breytelium
(D)  phenylephrine
(E)  20% lipid  emulsion

573. What was the first d rug used  to produce local 
anesthesia?

(A)  Lidocaine
(B)  Procaine
(C)  Cocaine
(D)  Prilocaine
(E)  Tetracaine

574. A 23-year-old  parturient scheduled for an elec-
tive cesarean section undergoes a spinal anes-
thetic with 10.5 mg of hyperbaric bupivacaine. 
Ten minutes following the spinal anesthetic, 
she complains of nausea. Her vital signs are a 
BP of 75/ 52, pulse rate of 123 beats/ min, and  
oxygen saturation of 98%. The best pharmaco-
logic treatment for hypotension related  to the 
spinal anesthetic is

(A)  atropine
(B)  epinephrine
(C)  phenylephrine
(D)  calcium
(E)  labetalol

575. Twenty-four hours after performing a spinal 
anesthetic in a 27-year-old  female for a vaginal 
hysterectomy, you  are consulted  to evaluate 
her for a presumed post-dural puncture head-
ache. Regard ing the symptoms of a post-dural 
puncture head ache, you  w ould  expect the 
headache to

(A)  be positional in nature with improve-
ment when sitting

(B)  be positional in nature with improve-
ment lying down

(C)  not be positional in nature
(D)  localized  to one eye
(E)  be associated  with delayed  gastric 

emptying
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576. A 72-year-old  female presents for a right tho-
racotomy for a right lower lobe resection for 
lung cancer. She consents to a thoracic epidural 
catheter for postoperative analgesia. She 
understands the risks that may result and  asks 
abou t the p rognosis shou ld  she d evelop  an 
ep idural hematoma. The statement that best 
characterizes the p rognosis of an ep idural 
hematoma is

(A)  a spinal epidural hematoma is 
universally fatal

(B)  a spinal epidural hematoma always 
results in quadriplegia

(C)  a spinal epidural hematoma always 
results in paraplegia or a chronic pain 
syndrome

(D)  a spinal epidural hematoma is not 
d iagnosable and  thus has a very poor 
prognosis

(E)  with prompt d iagnosis, treatment 
strategies are effective

577. A 36-year-old  otherw ise healthy male w ith 
Crohn d isease presents for open hemicolec-
tomy. You place a thoracic epidural catheter for 
postoperative analgesia. What would  be con-
sidered  a positive heart rate response from a 
test dose of 15 mcg of epinephrine?

(A)  Heart rate variability changes
(B)  Systolic blood pressure drops
(C)  Skin vasoconstriction noted
(D)  Heart rate increases by 20 beats per 

minute
(E)  Heart rate increases by 10 beats per 

minute

578. A 21-year-old  male presents for ACL recon-
struction of the left knee. The patient prefers to 
have a femoral nerve block bu t is w orried  
because he has been told  that he has an allergy 
to “Novacaine”. Which statement best charac-
terizes allergic reactions related  to local 
anesthetics?

(A)  Allergies do not occur related  to local 
anesthetics.

(B)  Reactions are usually limited  to systemic
hives and  urticaria.

(C)  Allergic reactions are more common 
after exposure to ester compounds than 
amides.

(D)  Allergic reactions can be avoided  by 
pre-treatment with d iphenhydramine.

(E)  Allergic reactions can effectively be 
treated  with intravenous lipids.

579. A 50-year-old  female is scheduled  to undergo 
open repair of a d istal right rad iu s fractu re. 
She prefers to have a supraclavicu lar nerve 
block bu t is concerned  abou t nerve inju ry. 
Specifically, she is concerned  about the risk of 
intraneural injection. Which statement best 
characterizes the risk of intraneural injection of 
local anesthetics?

(A)  Ultrasound imaging suggests that it 
occurs frequently without leading to 
clinical injury.

(B)  Nerve injuries do not occur by this 
mechanism.

(C)  Intraneural injection must only be 
avoided  in d iabetics.

(D)  Intraneural injections do not occur when 
ultrasound is used .

(E)  Intraneural injections are only a concern 
in peripheral nerves and  not in p lexi.

580. A 28-year-old  female is about to undergo left 
hand  surgery and  you d iscuss performing a 
supraclavicular nerve block. She appears con-
cerned  and  asks about the incidence of pneu-
mothorax. You respond  that with trad itional 
landmark techniques, the incidence of a pneu-
mothorax when performing a supraclavicular 
block has been reported  to be in the range of

(A)  0.1 - 0.3%
(B)  0.2 - 1%
(C)  0.5 - 5%
(D)  1 - 10%
(E)  5 - 30%
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581. Maintaining the standard s of care d u ring 
regional anesthesia practice involves all of the 
following EXCEPT

(A)  offering regional anesthesia to all 
patients

(B)  informed consent
(C)  monitoring regional anesthesia practice
(D)  appropriate and  timely postoperative 

follow up
(E)  monitoring vital signs

582. A 22-year-old parturient requests a labor epidu-
ral. During your evaluation of the patient she 
explains that she has an allergy to one local 
anesthetic but cannot remember which one. To 
which one of the following local anesthetics is a 
patient most likely to have an allergic reaction?

(A)  tetracaine
(B)  bupivacaine
(C)  lidocaine
(D)  ropivacaine
(E)  prilocaine

583. The rate of local anesthetic absorption from a 
particular injection site, from highest to lowest 
rate, is

(A)  epidural, intercostal, brachial plexus, 
subcutaneous tissue, lower extremity

(B)  epidural, intercostal, subcutaneous tis-
sue, lower extremity, brachial plexus

(C)  brachial p lexus, epidural, intercostal, 
subcutaneous tissue, lower extremity

(D)  intercostal, epidural, brachial plexus, 
lower extremity, subcutaneous tissue

(E)  subcutaneous tissue, intercostal, epidural, 
brachial plexus, lower extremity

584. You are providing informed consent to a patient 
about to undergo a popliteal sciatic block. She is 
concerned about the risk of long-term neuro-
logic injury from a peripheral nerve block. You 
explain that the incidence of late neurologic 
deficits after peripheral nerve blocks is

(A)  1/ 10,000
(B)  4/ 10,000
(C)  1/ 100,000

(D)  4/ 100,000
(E)  4/ 1,000,000

585. During the performance of a left femoral nerve 
block utilizing traditional landmark techniques 
and  nerve stimulation, you obtain a patellar 
twitch at 2.5 mA current and proceed to decrease 
the current while still maintaining a patellar 
twitch. The highest stimulating current that reli-
ably predict intraneural needle placement is

(A)  0.2 mA
(B)  0.5 mA
(C)  1.0 mA
(D)  1.5 mA
(E)  2.0 mA

586. You are supervising a first-year anesthesia 
resident during her regional anesthesia rota-
tion. You instruct the resident to use blunt-tip  
needles. Blunt-tip  needles

(A)  are more likely to penetrate neural
tissue

(B)  are less d isruptive to neural tissue than 
sharp  needles

(C)  are more d isruptive to neural tissue 
than sharp need les

(D)  have a higher incidence of successful 
block

(E)  are only preferred  when they are greater 
than 15 gauge

587. A 72-year-old  female with painful osteoarthri-
tis undergoes a right total knee arthroplasty. 
She receives an u ltrasound -gu ided  femoral 
nerve block. The following day, the patient 
reports inability to dorsiflex the right foot. The 
most likely reason would  be

(A)  a persistent motor block to the right 
femoral nerve

(B)  neurologic injury to the right common 
peroneal nerve

(C)  a persistent motor block to the right 
saphenous nerve

(D)  neurologic injury to the right tibial 
nerve

(E)  neurologic injury to the superficial pero-
neal nerve
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588. Tw enty minu tes after the performance of a 
lumbar plexus block with 40 mL of 0.5% bupi-
vacaine for a total hip arthroplasty, the patient 
reports “ringing in the ears” and  feeling “light 
headed .” The patient’s condition deteriorates 
and  ECG monitoring shows progression to 
sinus bradycard ia, ventricular fibrillation, and  
ultimately asystole. The most likely explana-
tion for these symptoms is

(A)  d irect intravenous injection
(B)  oversedation with midazolam
(C)  d irect intra-arterial injection
(D)  profound vasodilatation
(E)  vascular absorption of local anesthetic

589. Utilizing a transarterial axillary technique, a 
brachial p lexus block is performed . After con-
firming negative aspiration of blood, 5 mL of 
0.5% bupivacaine is administered . Suddenly 
the patient becomes unresponsive. Initial phar-
macologic management shou ld  include the 
administration of

(A)  20% lipid  emulsion
(B)  epinephrine, 1 mg
(C)  amiodarone, 150 mg
(D)  atropine, 1 mg
(E)  vasopressin, 40 units

590. A 54-year-old  female with adenocarcinoma of 
the lung presents for right thoracotomy. You 
plan to place a thoracic epidural catheter for 
postoperative analgesia. In the process of pro-
vid ing informed consent, the patient becomes 
worried  about the risk of an epidural hema-
toma. You explain that the incidence of an epi-
dural hematoma following the administration 
of a neuraxial anesthetic is estimated  to be less 
than

(A)  1 in 10,000
(B)  1 in 50,000
(C)  1 in 150,000
(D)  1 in 400,000
(E)  1 in 1,000,000

591. A 64-year-old  female presents for a right total 
knee arthrop lasty. A sp inal anesthetic w as 
performed  in the L3-L4 interspace with 0.5% 

isobaric bupivacaine. Five minu tes after the 
spinal anesthetic, the patient is insensate at the 
level of the umbilicus. This closely approxi-
mates which one of the following dermatome 
levels?

(A)  T4
(B)  T7
(C)  T10
(D)  L1
(E)  L3

592. A 42-year-old  previously healthy ASA I patient 
undergoes an awake fiberoptic intubation with 
topical anesthesia for a laparoscopic appendec-
tomy. Upon extubation she w as noticed  to 
have a saturation of 93%. While in the PACU 
his oxygen saturation continued  to d rop  to 
85% despite being alert, taking large tidal vol-
umes, having a normal chest x-ray, and  not 
improving while breathing 100% oxygen via a 
non-rebreather mask. You suspect methemo-
globinemia. Which one of the following topical 
anesthetics is most associated  with methemo-
globinemia?

(A)  Cocaine
(B)  Tetracaine
(C)  Benzocaine
(D)  Lidocaine
(E)  Proparacaine

593. A 39-year-old  female presents for carpal tunnel 
release surgery. You d iscuss performing an IV 
regional block (Bier block). All of the following 
are important to consider EXCEPT

(A)  thorough exsanguination of the extremity 
should  take place prior to the injection 
of local anesthetic

(B)  preservative-free lidocaine is the most 
frequently used  local anesthetic

(C)  bupivacaine is the drug of choice 
because it provides a long duration 
block

(D)  a double tourniquet permits longer sur-
gical time than a single tourniquet

(E)  a tourniquet is more reliable when 
placed  proximal to the elbow than at a 
more d istal location
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594. A 51-year-old  patient is scheduled  to undergo 
a right lung lower lobectomy for lung cancer. 
You d iscuss the risks and  benefits of thoracic 
epidural analgesia. You discuss that a common 
med ical ind ication for performing regional 
anesthesia is

(A)  increased  professional billing
(B)  less card iac morbid ity in the previously 

healthy patient
(C)  reduction in postoperative wound  infec-

tions
(D)  reduction in the administration of opi-

oids in the immediate perioperative 
period .

(E)  less oxygen administration

DIRECTIONS: Use the following scenario to answer 
Questions 595-596: You have been following a 
27-year-old  former nurse in your chronic pain clinic 
for complex regional pain syndrome of the left 
hand . She initially sustained  a work related  injury 
to her hand a year ago and  has since experienced  
ongoing chronic pain. After conservative treatment 
with neuropathic medications she has had  little 
relief. You decide to offer her a regional nerve block 
as part of a multimodal approach to treating her 
pain.

595. Which one of the following nerve blocks would  
be most appropriate?

(A)  Axillary brachial plexus block
(B)  Stellate ganglion block
(C)  Celiac plexus block
(D)  A cervical transforaminal injection
(E)  An infraclavicular brachial plexus 

block

596. After a successfu l nerve block, one would  
expect to see all of the following signs EXCEPT

(A)  miosis
(B)  nasal congestion
(C)  anhidrosis

(D)  a decrease in temperature of the blocked  
limb by at least 1°C

(E)  ptosis

DIRECTIONS (Questions 597-598): Each group of 
items below consists of lettered  headings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  heading or component that is most closely 
associated  with it. Each lettered  head ing or compo-
nent m ay be selected  once, more than once, or not 
at all.

(A)  Glossopharyngeal nerve
(B)  Internal branch of the superior laryngeal 

nerve
(C)  External branch of the superior laryngeal 

nerve
(D)  Recurrent laryngeal nerve
(E)  Trigeminal nerve
(F)  Anterior ethmoidal nerve
(G)  Greater palatine nerve

For each patient, select the appropriate airway 
block.

597. A 23-year-old  obese female reports having a 
know n d ifficu lt airw ay. She rem em bered  
having an awake intubation the last time she 
p resen ted  for  su rgery and  anesthesia. 
Specifically she states having had  a strong 
“gag reflex” when the fiberoptic scope made 
contact with her soft palate.

598. During you r performance of an aw ake fiber-
op tic intubation, you are able to advance the 
fiberoptic scope just above the epiglottis. Just 
as you are about to advance the scope through 
the vocal cords, it makes contact with the pos-
terior surface of the epiglottis and  the vocal 
cords snap shut.
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DIRECTIONS (Questions 599-600): Each group of 
items below consists of lettered  head ings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  head ing or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent m ay be selected  once, m ore than once, or not 
at all.

(A)  C6
(B)  C7
(C)  T1
(D)  T4
(E)  T7
(F)  T10
(G)  L4

For each patient, select the vertebra described  in the 
physical examination.

599. A 25-year-old  female requests a labor epidural 
for analgesia. In assessing the appropriate 
landmarks, you palpate the anterior superior 
iliac spines and  draw a line connecting both 
iliac crests.

600. A 25-year-old  man presents for a right total 
shoulder replacement. You consent the patient 
for continuous cervical paravertebral blocks 
u tilizing nerve stimulation. In assessing the 
appropriate topographical landmarks you pal-
pate the most prominent spinous process in the 
neck.
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559.  (B) Certain subsets of patients have been iden-
tified  as high risk. This includes the scenario 
described  in B. Such a patient has a 1 in 3600 
risk of having an epidural hematoma in a ten-
year Swedish observational study. (5:784)

560.  (A) Extremities that have decreased  sensation 
need  to be protected  from positional related  
injuries. Specific education and  instructions to 
protect the extremities following regional anes-
thesia should  be provided  to care personnel 
and  the patient. (5:785)

561.  (B) The adult spinal cord  typically terminates 
at L1-L2. The infant sp inal cord  terminates 
around L3. (5:786)

562.  (E) The Taylor approach begins with identifica-
tion of the posterior superior iliac spine (PSIS). 
The skin entrance site is 1 cm medial and  1 cm 
caudad  to the PSIS. The needle is then d irected  
approximately 45 degrees medial and  cepha-
lad  to enter the L5-S1 interspace. (5:792)

563.  (A) When the needle enters the epidural space, 
continuous or intermittent gentle p ressu re 
placed  onto a syringe containing saline or air 
will result in the ability to inject into the epidu-
ral space. This is known as loss of resistance. 
(5:793)

564.  (A) Local anesthetics and  opioids must pene-
trate through the arachnoid  mater to get to the 
CSF. The specifics of uptake of a d rug by the 
CSF depend also on drug characteristics such 
as lipid  solubility. (5:794)

565.  (D) Isobaric means a baricity of 1.0, thus the 
drug will neither rise nor sink. (5:795)

566.  (C) Lidocaine is the biggest risk factor for TNS. 
In particular, 5% lidocaine has the highest risk. 
(5:796)

567.  (C) For the best neurologic outcome, decom-
pression of an epidural hematoma must occur 
immed iately and  p referably w ithin 6-8 h. 
Prognosis is worsened if decompression occurs 
after 8 h. (5:860)

568.  (B) Intrathecal clonid ine can prolong both the 
motor and sensory block associated with spinal 
anesthesia. Intrathecal clonid ine cannot act as 
the sole anesthetic. (5:798)

569.  (D) Intrathecal epinephrine can lead to urinary 
retention. Itching is thought to be a side effect 
of intrathecal opioids. (5:799)

570.  (A) Although accessory m uscles m ay be 
impacted  by spinal anesthesia, as long as the 
phrenic nerve is not blocked , gross pulmonary 
function should  be maintained . (5:800)

571.  (B) Since both arterial and venous vasodilation 
occur, the recommended  treatments for the 
hypotension accompanying spinal anesthesia 
are the administration of intravenous flu ids 
and α1-adrenoceptor agonists. (5:801)

572.  (E) Lipid  emulsion therapy has been docu -
mented  to reverse local anesthetic systemic 
toxicity in both humans and  animals. It is con-
sidered  the treatment of choice and  should  be 
available wherever regional anesthesia is per-
formed. (5:780)

Answers  and Explana tions
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573.  (C) It has limited  use in modern anesthesia 
practice because of its relatively high potential 
for systemic toxicity and  add iction liabilities. 
Cocaine is an effective topical anesthetic agent, 
and  it produces vasoconstriction at clinically 
useful concentrations. It is often used  to anes-
thetize and  constrict the nasal mucosa before 
nasotracheal intubation. It is the only local 
anesthetic that inhibits the reuptake of cate-
cholamines in the central and  peripheral ner-
vous systems. (5:781)

574.  (C) Most of the hypotension in a euvolemic 
patient is related to arterial and venous dilata-
tion. Thus, administration of an α1-adrenoceptor 
agonist like phenylephrine is the treatment of 
choice. Secondary treatment would be intrave-
nous fluid administration. Atropine and/ or epi-
nephrine would  be used  in a situation of 
profound bradycardia. (5:802)

575.  (B) The classic post-dural puncture headache 
(PDPH) is position-related  in that recumbency 
helps to alleviate symptoms. Common symp-
toms are severe bi-frontal throbbing, nausea, 
vomiting, and  malaise. Treatments include 
flu id , caffeine, theophylline, and  ep id ural 
blood patch. (5:802)

576.  (E) Although serious, prompt d iagnosis with 
imaging studies and treatment with surgical 
decompression can result in full recovery. (5:803)

577.  (D) A positive response should  be concluded  if 
any of the following occur: heart rate increase 
> 20 beats/ m in , systolic blood  p ressu re 
increase > 15 mm H g, T w ave amplitude 
decrease by ≥ 25% on ECG. (5:805)

578.  (C) The full spectrum of reactions from itching 
to anaphylaxis has been reported. Allergies are 
more common with ester compounds as com-
pared  to amides. (5:786)

579.  (A) Ultrasound imaging has provided  new 
information on the reality that conventional 
approaches to nerve localization often result in 
what appears to be intraneural injections. There 
is current debate as to what constitutes danger-
ous, versus safe, intraneural injections. (5:855)

580.  (C) Traditionally the supraclavicular approach 
had  been avoided  due to a high incidence of 
pneumothorax. This high incidence of pneu-
mothorax led  to the popularity of the axillary 
approach. With ultrasound guidance, there has 
been renewed  interest in the supraclavicular 
approach. (5:833)

581.  (A) Practitioners shou ld  select appropriate 
patients for regional anesthesia considering 
absolute as well as relative contraindications. 
(5:848)

582.  (A) Allergic reactions are more common after 
exposure to ester compounds than amide com-
pounds. Tetracaine is the only ester compound 
listed . (5:852)

583.  (D) A number of factors influence the absorp-
tion rate of local anesthetics from tissue. The 
most important factor is the site of injection. 
Absorption is more rapid  in highly vascular 
tissue and  less so in poorly perfused  tissue. 
(5:852)

584.  (B) A recent analysis of 7,000 peripheral nerve 
blocks reported  an incidence of 0.04% of late 
neurologic deficits. (5:855)

585.  (A) A recent study found  that a stimulating 
current with 0.2 mA or less reliably pred icts 
intraneu ral need le p lacem ent. H ow ever a 
threshold  current greater than 0.2 mA does not 
reliably p reclude intraneural need le p lace-
ment. (5:855)

586.  (C) Blunt tip needles are less likely to penetrate 
neural tissue and  therefore are the preferred  
need le type. However, if they do penetrate 
neural tissue they are likely to be more d isrup-
tive to the neural tissue. (5:855)

587.  (B) The motor innervation of the common pero-
neal is via the deep peroneal nerve that allows 
for dorsiflexion of the foot. Given its superficial 
nature, this nerve may be injured in the periop-
erative period  after a total knee arthroplasty. 
The superficial peroneal nerve is a branch of the 
common peroneal nerve; however, it does not 
provide motor innervation. (4:71-2)
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588.  (E) The lumbar p lexus block is associated  with 
an increased  risk of local anesthetic toxicity 
due to the high vascularity of the area and  
large volumes of local anesthetic required  for 
the desired  spread . This increases the vascular 
absorption of local anesthetic from the psoas 
muscle. With a d irect intravascular injection, 
one would  expect the manifestation of toxicity 
to be immediate upon injection. (5:840)

589.  (A) With the administration of intravenous 
lip id  emulsion, recent stud ies demonstrate 
improved hemodynamics and  a survival ben-
efit in animal models of bupivacaine toxicity. It 
has been suggested  that lipid  emulsion acts as 
a lip id  sink bind ing local anesthetics and  
removing them from card iac bind ing sites. 
Tw enty percent lip id  emu lsion shou ld  be 
administered  early as a bolus of 1.5 mL/ kg 
over one minute and  followed  0.25 mL/ kg/
min. (5:853-4)

590.  (C) The true incidence is unknown but an epi-
dural hematoma after neuraxial blockade is 
rare and  estimated  to occur in fewer than 1 in 
150,000 cases. (5:859)

591.  (C) The umbilicus closely approximates the 
T10 dermatome level. The nipple line closely 
approximates the T4 level. (4:237)

592.  (C) Benzocaine is known to cause methemo-
globinemia. The anesthesiologist must be cau-
tious and vigilant to such an occurrence. (5:970)

593.  (C) Bupivacaine is not recommended given the 
potential for card iac toxicity. The duration of a 
Bier block is limited  by tourniquet pain. When 
using a double tourniquet, the proximal tour-
niquet is inflated  first. When the patient com-
plains of tourniquet pain, the d istal tourniquet 
(that is wrapped around an anesthetized  area) 
is inflated  followed by the proximal tourniquet 
being deflated . (5:866)

594.  (D) Regional anesthesia is known to decrease 
the need  for opioids and  therefore decrease 
opioid  related  morbid ity. (5:785)

595.  (B) Complex regional pain syndrome (CRPS) 
is sympathetically-med iated  pain. A sympa-
thetic block of the upper extremity can be 
obtained  by performing a stellate ganglion 
block. The stellate ganglion is also known as 
the cervicothoracic ganglion because it is a 
fusion of the seventh cervical and  first thoracic 
ganglion. (5:1579-81)

596.  (D) A sympathetic block would  resu lt in an 
increase in temperature to the block limb by at 
least 1°C. This is a result of the vasodilation 
that occurs to the extremity. Horner syndrome 
as well as nasal congestion would  also occur. 
(5:1579-81)

597.  (A) The glossopharyngeal nerve innervates the 
oropharynx, soft palate, posterior portion of 
the tongue, and  the pharyngeal surface of the 
epiglottis. The pharyngeal nerve can be anes-
thetized  by inhaling nebu lized  lid ocaine, 
application of topical anesthesia, or d irect glos-
sopharyngeal nerve blocks. (4:335)

598.  (B) The internal branch of the superior laryn-
geal nerve is a branch of the vagus nerve and  
provides sensory innervation to the base of the 
tongue, posterior surface of the epiglottis, ary-
epiglottic fold , and  the arytenoids. The exter-
nal branch of the superior laryngeal nerve 
provides motor innervation to the cricothyroid  
muscle. Besides topical administration, bilat-
eral superior laryngeal nerve block can be per-
formed by injecting local anesthetic at the level 
of the greater cornu of the hyoid  bone. (4:336)

599.  (G) The intercristal line reflects the sp inous 
process of L4. (5:810)

600.  (B) C7 is the most prominent and  therefore 
easily palpated  sp inous process in the neck. 
(5:809)
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CHAPTER 10

Practice  Tes t
Ques tions

DIRECTIONS (Questions 1-150): Each of the num-
bered  items or incomplete statements in this section 
is followed by answers or by completions of the 
statement. Select the ONE lettered  answer or com-
pletion that is BEST in each case.

1. The interaction of rocuronium and acetylcho-
line at the myoneural junction is one of

(A)  synergism
(B)  competition for binding sites
(C)  chemical combination
(D)  alteration of metabolism
(E)  altered  protein binding

2. As one moves from the apex of the lung to the 
dependent portions

(A)  the alveoli become larger
(B)  the caliber of the air passages becomes 

larger
(C)  pleural pressure decreases
(D)  compliance becomes greater
(E)  ventilation of the alveoli becomes less 

due to decreased  compliance

3. A 70-year-old  w om an w ith  long-stand ing 
type 2 d iabetes mellitus presents for a preop-
erative assessment p rior to femoral-popliteal 
bypass surgery. Her only medication is exena-
tid e. H aving never heard  of th is d rug, the 
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anesthesia resident looks it up  and  finds that 
it is

(A)  a glucagon-like peptide-1 receptor 
agonist

(B)  FDA approved for treatment of type 1 
and  type 2 d iabetes mellitus

(C)  a member of the biguanide class of oral 
hypoglycemic agents like metformin

(D)  a thiazolid inedione like rosiglitazone
(E)  also used  for prevention of heart d isease 

in type 2 d iabetics

4. The most important site of drug transforma-
tion is usually the

(A)  liver
(B)  spleen
(C)  kidney
(D)  lungs
(E)  bloodstream

5. Esmolol is chosen for a tachycard ic patient 
with liver cirrhosis. The 9-minute half-life of 
the drug stems from

(A)  pseudocholinesterase
(B)  skeletal muscle esterase
(C)  red  blood  cell esterases
(D)  phosphodiesterase
(E)  alkaline phosphatase
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6. A 49-year-old  man with Addison d isease pres-
ents for a herniorrhaphy. All of the following 
statements abou t Add ison d isease are true 
EXCEPT

(A)  patient’s with this condition undergoing 
even minor procedures require stress 
dose of steroids intraoperatively and  a 
long postoperative taper

(B)  typical laboratory abnormalities include 
hyponatremia and  hyperkalemia

(C)  Addison d isease is a type of primary 
adrenal insufficiency caused  by adrenal 
gland  destruction

(D)  both skin hyperpigmentation and  
vitiligo are signs of Addison d isease

(E)  common symptoms in untreated  
Addison d isease are d iarrhea and  
orthostatic hypotension

7. Bioavailability of a drug refers to the amount 
of drug that

(A)  is administered  intramuscularly
(B)  is administered  orally
(C)  reaches the liver
(D)  is excreted  by the kidney
(E)  reaches its site of action

8. A 21-year-old  woman with a long history of 
anorexia nervosa typ ically has all of the 
following EXCEPT

(A)  osteoporosis
(B)  increased  risk of intraoperative 

dysrhythmias
(C)  delayed  gastric emptying
(D)  hypotension
(E)  resting tachycard ia

9. In cases of unequivocal intraoperative aware-
ness, the incidence of posttraumatic stress 
d isorder may be approximately

(A)  0.1%
(B)  1%
(C)  10%
(D)  50%
(E)  99%

10. A 40-year-old woman presents with a corrected  
QT interval (QTc) p rolonged  to 500 msec. 
She is

(A)  at increased  risk for perioperative 
morbid ity and  mortality related  to 
card iac arrhythmias

(B)  recommended to receive amiodarone
(C)  likely to be hypocalcemic
(D)  at risk for Wolf-Parkinson-White 

syndrome
(E)  at risk to require intraoperative 

pacemaker therapy

11. Renal clearance of a drug

(A)  is usually of little importance
(B)  has no relationship  to creatinine 

clearance
(C)  is constant for a given drug
(D)  varies with pH, urine flow rate, and  

renal blood flow
(E)  may exceed  renal blood flow

12. A 50-year-old  m an p lanned  for shou ld er 
surgery is judged  to be in New York Heart 
Association functional class III. He has

(A)  marked  limitation of physical activity
(B)  symptoms at rest
(C)  slight limitation of physical activity
(D)  inability to comfortably carry out any 

physical activity
(E)  no symptoms during ord inary activity

13. All of the following are true of closing volume 
EXCEPT that it is

(A)  measured  by a single-breath nitrogen 
technique

(B)  useful in determining d isease of small 
airways

(C)  decreased  at the extremes of age
(D)  unchanged in obesity
(E)  measured  at phase IV on the nitrogen 

washout curve
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14. A patient has been given an injection of ket-
amine in a dose calculated  to be sufficient for 
anesthesia. His eyes remain open, and  there is 
slight nystagmus and  occasional purposeless 
movements. This is an ind ication that

(A)  the dose is inadequate
(B)  more ketamine should  be given to stop 

the movements
(C)  the dose is excessive
(D)  the dose is adequate for anesthesia
(E)  the patient is having a seizure

15. Under normal physiologic conditions cerebral 
blood flow is

(A)  1 mL/ 100 g/ min
(B)  10 mL/ 100 g/ min
(C)  25 mL/ 100 g/ min
(D)  50 mL/ 100 g/ min
(E)  100 mL/ 100 g/ min

16. A 50-year-old  man has a bicuspid  aortic valve. 
Su rgical repair of his ascend ing aorta is 
ind icated  at a d iameter of

(A)  4 cm
(B)  4.5 cm
(C)  5 cm
(D)  5.5 cm
(E)  6 cm

17. The peripheral chemoreceptors are

(A)  located  in the medulla oblongata
(B)  poorly perfused  and , therefore, respond 

slowly to changes in the oxygen content 
of the blood

(C)  responsible for the hypoxic drive to 
respiration

(D)  influenced  by oxygen content rather 
than oxygen tension

(E)  not affected  by increasing age

18. Which one of the following agents should  be 
avoided  in a patient w ith heparin-induced  
thrombocytopenia type II?

(A)  danaparoid
(B)  lepirud in
(C)  argatroban
(D)  warfarin
(E)  benzodiazepines

19. Possible ways to assure proper placement of 
the end otracheal tu be includ e all of the 
following, EXCEPT

(A)  chest rad iograph
(B)  bronchoscopic examination
(C)  auscultation of the thorax
(D)  continuous end-tidal carbon d ioxide 

capnography
(E)  fogging within the endotracheal tube

20. Hypoxic pulmonary vasoconstriction

(A)  is not important in the intact human 
being

(B)  is active only at high altitude
(C)  causes more blood  flow to the base of 

the lung
(D)  causes higher dead  space/ tidal volume 

ratio (VD/ VT) than in the nonhypoxic 
lung

(E)  d iverts blood flow from hypoxic to non-
hypoxic lung areas

21. A 9-year-old  boy sustained  a 40% burn to the 
anterior portion of his body. On the twentieth 
day after the burn, he is brought to the operat-
ing room for a skin graft. Anesthesia is induced  
with thiopental, and succinylcholine is injected  
for relaxation. The ECG shows peaked T waves 
followed by asystole. The most likely cause of 
the arrhythmia is

(A)  an overdose of thiopental
(B)  hypoxia
(C)  hyperkalemia
(D)  electrocution
(E)  administration of the wrong drug
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22. An anesthesia circuit is connected  to a circle 
system and  the combined  volume of both is 
5 L. The fresh gas flow is 1 L/ min. After des-
flurane 10% is turned  on, how long will it take 
the concentration in the circuit to reach 8.5% 
desflurane?

(A)  1 min
(B)  5 min
(C)  8.5 min
(D)  10 min
(E)  17 min

23. A 20-year-old  patient w ith  hem ophilia B 
(Christmas d isease) is p lanned for appendec-
tomy. The coagulation deficit is that of clotting 
factor

(A)  II
(B)  VII
(C)  VIII
(D)  IX
(E)  XII

24. Propofol

(A)  increases cerebral blood flow
(B)  is very soluble in aqueous solutions
(C)  causes catecholamine release
(D)  has little analgesic activity
(E)  has a longer sleep time than thiopental

25. A 50-year-old  w oman w ith metabolic syn-
d rome presents for preoperative assessment 
prior to elective coronary artery bypass sur-
gery. True statements abou t the metabolic 
syndrome include all of the following EXCEPT

(A)  patients with the metabolic syndrome 
are at increased  risk for developing 
overt d iabetes

(B)  to make the d iagnosis, a patient must 
have 3 of the following 5 criteria: elevat-
ed  waist circumference, elevated  triglyc-
erides, reduced  high-density lipoprotein 
cholesterol, elevated  blood  pressure, 
and  elevated  fasting blood  sugar

(C)  patients with the metabolic syndrome 
are at increased  risk of cerebrovascular 
d isease

(D)  patients with the metabolic syndrome 
should  be treated  prophylactically with 
metformin

(E)  women with polycystic ovarian 
syndrome are at increased  risk for 
developing metabolic syndrome

26. A discrepancy is noted in a patient bearing two 
arterial catheters. Normally the systolic blood  
pressure is highest in the

(A)  ascend ing aorta
(B)  descending aorta
(C)  femoral artery
(D)  dorsalis pedis artery
(E)  pulmonary artery

27. Recognition of hypoxemia in  the recovery 
room

(A)  depends on the detection of cyanosis
(B)  depends on the detection of apnea
(C)  depends on the detection of circulatory 

responses
(D)  is best accomplished with pulse oximetry
(E)  is d one better  w ith  a  transcu taneou s 

oxygen  m on itor  than  w ith  a p u lse 
oxim eter

28. A 36-year-old  male who recently suffered mul-
tip le trauma includ ing thermal injuries is to 
undergo general endotracheal anesthesia for 
elective orthopedic surgery. Which one of the 
following conditions would most likely explain 
resistance to non-depolarizing neuromuscular 
blockers during the operative procedure?

(A)  respiratory acidosis
(B)  recent large body surface area burn
(C)  administration of a volatile anesthetic
(D)  hypothermia
(E)  hypermagnesemia

29. The Hering–Breuer reflex

(A)  is accentuated  in pre-term infants when 
compared  to fu ll-term infants

(B)  causes a deep inspiration after a total 
expiration in the laboratory animal
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(C)  causes a deep inspiration after a cough
(D)  has a major role in the control of

ventilation
(E)  is stimulated  by barbiturates

30. A 42-year-old  African American woman with 
a multinodular goiter is d iagnosed with hyper-
thyroid ism. Clinical manifestations of hyper-
thyroid ism  inclu d e all of the follow ing 
EXCEPT

(A)  sweating
(B)  fatigue
(C)  tachycard ia
(D)  shivering
(E)  hypermotility and  d iarrhea

31. A finding that may be used  to d istinguish deep 
sedation from general anesthesia is

(A)  ability to follow a simple command
(B)  adequate minute ventilation
(C)  response to a painful pinch
(D)  unobstructed  airway
(E)  BIS value

DIRECTIONS: Use the following figure to answer 
Questions 32-33:

1  2  3

32. The figure shows the evoked twitch response 
following an unknown drug. The segment (1) 
is the baseline before drug administration, and  
(2) is the response three minutes after d rug 
administration. From these two segments, you 
can say that the drug

(A)  is not a muscle relaxant
(B)  is a depolarizing muscle relaxant
(C)  is a nondepolarizing muscle relaxant
(D)  caused  complete paralysis
(E)  caused  90% depression

33. At the time point (3), a tetanic stimulation was 
applied  with the depicted  resu lt. Following 
this, one could  state that

(A)  the drug is not a muscle relaxant
(B)  the drug is a depolarizing muscle 

relaxant
(C)  the drug is a nondepolarizing muscle 

relaxant
(D)  either the drug is a nondepolarizing 

muscle relaxant, or a dual block is 
present

(E)  the tracing shown is due to artifact

34. A very fit amateu r mountaineer w ishes to 
climb without the use of supplemental oxygen 
or medications. He also wishes to avoid  letting 
his arterial oxygen concentration d ecrease 
below 45 mm Hg. Using the table below, calcu-
late the maximum height to which the moun-
taineer should  ascend.

Altitude  (ft) 7,000  10,000  12,000  15,000  18,000

Patm (mm Hg)  595     534     496     443     395

(A)  7,000 ft
(B)  10,000 ft
(C)  12,000 ft
(D)  15,000 ft
(E)  18,000 ft

35. The primary difference between cisatracurium 
and  atracurium is that cisatracurium is

(A)  a d ifferent isomer than atracurium
(B)  optically active
(C)  substantially shorter-acting
(D)  less likely to result in histamine release
(E)  metabolized  to a greater degree by 

nonspecific p lasma esterases

36. The second  heart sound coincides with all of 
the following EXCEPT

(A)  closing of the aortic valve
(B)  isometric relaxation of myocard ial fibers
(C)  closure of the mitral valve
(D)  the T wave of the electrocard iogram
(E)  closure of the pulmonic valve
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37. In a carbon dioxide response curve, the minute 
ventilation is plotted  against various concen-
trations of carbon d ioxide. Which one of the 
following statements is TRUE about a carbon 
d ioxide response curve?

(A)  The patient under anesthesia will show 
the same effects regard less of the agent.

(B)  The slope of the response may change, 
but the position of the curve remains 
the same.

(C)  The position and  slope are the same in 
adults and  infants.

(D)  Increased  work of breathing leads to a 
steeper slope.

(E)  The slope of the line measures the 
patient’s sensitivity to carbon d ioxide.

38. The blood  supply to the motor tracts of the 
spinal cord  is primarily from the

(A)  posterior spinal artery
(B)  anterior spinal artery
(C)  penetrating branches of the rad icular 

arteries
(D)  artery of Adamkiewicz
(E)  basilar artery

39. The inability to sustain contraction (fad e) 
during tetanic contraction is due to

(A)  inability to transmit rapid  electrical 
impulses

(B)  cellular loss of potassium
(C)  depletion of cellu lar DNA
(D)  inability of record ing apparatus to show 

all contractions
(E)  the inability of the endplate to release 

sufficient acetylcholine

40. A 39-year-old  w oman being evaluated  for 
cataract surgery has Von Willebrand  d isease. 
This d isease

(A)  commonly first manifests as abnormal 
bleeding after tooth extraction or 
tonsillectomy in children

(B)  usually affects only females
(C)  is usually associated  with a low platelet 

count

(D)  is caused  by factor VIII deficiency
(E)  is one of the rarest of the congenital 

bleeding d isorders

41. Calcium chloride is administered  to a patient 
receiving citrated  p lasm a transfu sions. 
Calcium ion

(A)  decreases myocard ial contractile force
(B)  decreases duration of systole
(C)  decreases vascular tone
(D)  decreases ventricular automaticity
(E)  enters the card iac cell, causing excitation

42. Prolonged surgery on the spine in the prone 
position is occasionally followed by postopera-
tive visual loss. The most common etiology of 
such visual loss is

(A)  central retinal artery occlusion
(B)  central retinal vein occlusion
(C)  cortical blindness
(D)  anterior ischemic optic neuropathy
(E)  posterior ischemic optic neuropathy

43. Transdermal scopolamine

(A)  is effective in the prevention of PONV if 
administered  preoperatively

(B)  is effective in the treatment of PONV 
when administered  postoperatively

(C)  patch should  be applied  to the deltoid  
muscle

(D)  is devoid  of any side effects
(E)  in a multilayered  adhesive unit has a 

duration of action of about 16 h

44. A ped iatric patient weighing 14 kg is being 
ventilated  w ith  a trad itional anesthesia 
machine ventilator using the follow ing set 
parameters:

Tidal volume =  50 mL

Ventilatory rate = 20/ min

I:E ratio = 1:2

Oxygen flow = 2.5 L/ min

Nitrous oxide flow =  3.5 L/ min
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The resulting minute ventilation is 
approximately

(A)  1 L/ min
(B)  1.5 L/ min
(C)  2 L/ min
(D)  2.5 L/ min
(E)  3 L/ min

45. Compared  to the young adu lt, the elderly 
patient

(A)  has an unchanged venous admixture 
during general anesthesia

(B)  has a decrease in true pulmonary shunt-
ing during general anesthesia

(C)  has an increase in total lung capacity
(D)  has an increase in closing capacity
(E)  has a decrease in closing capacity

46. If succinylcholine is given to facilitate intuba-
tion, and  the patient is allowed to recover fully 
from the depolarizing block, and  then is given 
pancuronium, one would  expect

(A)  a lower than normal amount of 
pancuronium is needed  to reestablish 
neuromuscular blockade

(B)  the pancuronium to have a shorter 
duration of action as a result of the 
succinylcholine

(C)  no change in the duration of action of 
pancuronium

(D)  no change in the duration of action of 
pancuronium but less intensity of 
relaxation

(E)  the development of a phase II block

47. A fourth-year medical student is on her anes-
thesia rotation. You are d iscussing local anes-
thetics for spinal anesthesia with her. The topic 
of baricity arises on which you  explain that 
baricity is the

(A)  milligram dose of an equipotent d rug
(B)  minimum concentration needed  to reach 

clinical effect
(C)  half-life of elimination

(D)  context sensitive half-time
(E)  ratio of the specific gravity of a d rug to 

a reference specific gravity

48. When desflurane, but not sevoflurane, in a car-
rier gas of 100% oxygen is passed through very 
d ry carbon d ioxide absorbent, the patient may 
be exposed  to a toxic concentration of

(A)  ozone
(B)  phosgene
(C)  carbon d ioxide
(D)  carbon monoxide
(E)  fluoride

49. Technical d ifficulties in treating patients with 
morbid  obesity include all of the follow ing 
EXCEPT

(A)  spuriously low blood pressure cuff 
readings

(B)  d ifficult venous access
(C)  d ifficult intubation
(D)  d ifficult airway maintenance with 

mask
(E)  d ifficulty with nerve blocks

DIRECTIONS: Use the following scenario to answer 
Questions 50-52. Many patients are unaware of the 
reasons for which they are taking their medica-
tions. When provided  with a list of med ications by 
a patient, an anesthesiologist must be able to 
recognize the med ications and  know the likely 
pathological states for which the med ications are 
ind icated . For Questions 50-52, a med ication is fol-
low ed  by five d iseases or pathological states. 
Choose the ONE d isease for which the medication 
may be ind icated .

50. Omeprazole

(A)  peptic u lcer d isease
(B)  d iabetic gastroparesis
(C)  vertigo
(D)  urinary tract infection
(E)  type II d iabetes mellitus
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51. Acetazolamide

(A)  glaucoma
(B)  asthma
(C)  peptic ulcer d isease
(D)  deep venous thrombosis
(E)  atrial fibrillation

52. Glyburide

(A)  myasthenia gravis
(B)  type II d iabetes mellitus
(C)  angina pectoris
(D)  glaucoma
(E)  hypercalcemia

53. Somatosensory-evoked potentials (SSEP)

(A)  are extinguished  by propofol
(B)  are unaffected  by deep levels of 

isoflurane anesthesia
(C)  are evaluated  from the standpoint of 

amplitude only
(D)  are rendered  unreadable by 

neuromuscular blocking agents
(E)  are modestly affected  by nitrous oxide

54. A team of anesthesiologists has traveled  to a 
third-world  country to provide anesthesia for 
their surgical colleagues who plan to perform 
plastic reconstructive procedures on children 
with cleft palate and similar craniofacial abnor-
malities. The anesthesiologists have brought 
an ample quantity of sevoflurane with them 
but find  that there are no sevoflurane vapor-
izers at the hospital where they will work. In 
terms of the accuracy in delivering sevoflu-
rane, the least d ifference between the set and  
delivered  concentrations of sevoflurane will 
result if sevoflurane is delivered  via which one 
of these vaporizers?

(A)  Desflurane vaporizer
(B)  Enflurane vaporizer
(C)  Halothane vaporizer
(D)  Isoflurane vaporizer
(E)  Methoxyflurane vaporizer

55. An 18-year-old  male presents for repair of a 
right shoulder rotator cuff tear. He agrees to an 

interscalene block for postoperative analgesia. 
You decide to avoid  using the local anesthetic 
that is recognized  as being the most card io-
toxic. You therefore decide to avoid

(A)  bupivacaine
(B)  ropivacaine
(C)  chloroprocaine
(D)  lidocaine
(E)  mepivacaine

56. All of the following is true concerning the 
change in functional residual capacity (FRC) 
with body position, EXCEPT

(A)  FRC is marked ly reduced  in the supine 
position

(B)  in head-down, FRC is little d ifferent 
from supine

(C)  FRC is reduced  in sitting position when 
compared  to supine position

(D)  FRC is greater in lateral than in supine 
position

(E)  FRC is greater in prone than in supine 
position

57. The inspired  partial pressure of isoflurane is 
lower than the partial p ressure of the anes-
thetic in the fresh gas because of all of the fol-
lowing processes EXCEPT

(A)  absorption of the agent by rubber hoses
(B)  dilution of fresh gas in the circle absorber
(C)  metabolism of isoflurane
(D)  adsorption of the agent by soda lime
(E)  uptake of the agent by the patient

58. All of the following are factors that DECREASE 
the rate of onset of the effects of an inhalational 
anesthetic EXCEPT

(A)  low (as opposed  to high) fresh gas flow 
rate

(B)  low (as opposed  to high) minute venti-
lation

(C)  low (as opposed  to high) anesthetic 
concentration in inhaled  gas mixture

(D)  low  (as opposed  to h igh) blood :gas 
partition coefficient

(E)  high (as opposed  to low) card iac output
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59. Pulmonary edema in the recovery room

(A)  usually occurs as a late sign
(B)  is always associated  with a rise of 

central venous pressure (CVP)
(C)  will be detected  because of d istended 

neck vessels
(D)  may be due to airway obstruction
(E)  usually occurs with normal breath 

sounds present

60. The number of calories required  to raise the 
temperature of 1 g of a substance by 1°C is

(A)  the heat of vaporization
(B)  the specific heat
(C)  the critical temperature
(D)  thermal conductivity
(E)  equal for all substances

61. Your patient has dyspnea on mild  exertion and 
peripheral ed em a. Mechanism s by w hich 
patients with failing hearts compensate for low 
card iac ou tpu t include all of the following 
EXCEPT

(A)  increased  sympathetic drive to the heart
(B)  myocard ial hypertrophy
(C)  renal loss of salt and  decreased  blood  

volume
(D)  secondary hyperaldosteronism
(E)  peripheral vasoconstriction

62. The pin index safety system (PISS)

(A)  prevents attachment of gas-administering 
equipment to the wrong type of gas

(B)  prevents incorrect yoke-tank 
connections

(C)  consists of quick-connectors typically 
mounted  on the wall or hanging from 
the ceiling

(D)  is found on the wall end , but not the 
machine end , of gas hoses connected  to 
anesthesia machines

(E)  is found on the machine end , but not the 
wall end , of gas hoses connected  to 
anesthesia machines

DIRECTIONS: Use the following figure to answer 
Questions 63-64:

log dose

A  B

R

e

s

p

o

n

s
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63. If A and  B are two d ifferent medications pro-
ducing the same effect, then the figure shows 
that

(A)  A has higher efficacy than B
(B)  A has lower efficacy than B
(C)  A and B must act via d ifferent receptors 

to produce their effects
(D)  A is more potent than B
(E)  A has a higher ED50 than B

64. If A depicts the dose-response relationship of a 
d rug X acting alone, and  B depicts the dose-
response relationship of drug X in the presence 
of d rug Y, then it can be said  that drug Y

(A)  is a competitive antagonist of drug X
(B)  is a non-competitive antagonist of drug X
(C)  must act via a d ifferent receptor than 

drug X
(D)  decreases the efficacy of drug X
(E)  increases the potency of drug X

65. A 63-year-old  male patient w ith end -stage 
renal d isease from long-standing hypertension 
presents for preoperative assessment prior to 
elective repair of an abdominal aortic aneu -
rysm. Laboratory abnormalities common in 
patients with end-stage renal d isease include

(A)  anemia
(B)  thrombocytosis
(C)  hypokalemia
(D)  hypophosphatemia
(E)  leukocytosis
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66. Four years after a heart transplant, a patient 
requ ires bow el resection. The transp lanted  
heart

(A)  has an abnormal Frank–Starling 
mechanism

(B)  responds as does an innervated  heart to 
atropine

(C)  bears functional α- and  β -adrenoceptors
(D)  does not respond  to isoproterenol
(E)  does not increase card iac output with 

increased  preload

67. Cerebrospinal fluid  (CSF) flows through all of 
the following EXCEPT the

(A)  arachnoid  villi
(B)  cerebral ventricle
(C)  lateral ventricle
(D)  subarachnoid  space
(E)  epidural space

68. Verapamil

(A)  is useful in the treatment of supraven-
tricular tachycard ia

(B)  is contraind icated  in  patients w ith 
asthma

(C)  is useful when combined  with
propranolol

(D)  is a potent vasoconstrictor
(E)  has no effect on the pacemaker cells

69. A resident is carrying a Tec 5 vaporizer from 
the anesthesia w orkroom to the operating 
room and  slips on the freshly washed  floor. 
Although he d id  not drop it, he d id  tip  it on its 
side when he fell. After properly mounting the 
vaporizer on the anesthesia machine, the 
proper procedure to flush the vaporizer is to

(A)  leave the vaporizer setting at “off” and  
press the oxygen flush valve for 10 min

(B)  leave the vaporizer setting at “off” and  
ad just the oxygen valve to deliver 
oxygen at 10 L/ min for 10 min

(C)  turn the vaporizer setting to its 
maximum value and  press the oxygen 
flush valve for 10 min

(D)  turn the vaporizer setting to its maxi-
mum value and  ad just the oxygen 
valve to deliver oxygen at 10 L/ min for 
10 min

(E)  return the vaporizer to the manufacturer 
for service; do not mount it on the 
anesthesia machine

70. A 39-year-old  female presents for a vaginal 
hysterectomy. Ten minutes after performing a 
spinal anesthetic with 15 milligrams of 0.5% 
hyperbaric bupivacaine, you notice a slowing 
of the heart rhythm on continuous EKG moni-
toring. A short period  of asystole then devel-
ops at which time you administer 10 mcg of 
ep inephrine and  perform a brief period  of 
chest compressions. The most important inde-
pendent pred ictor of bradycard ia following 
spinal anesthesia is

(A)  hypertension
(B)  hyperlipidemia
(C)  previous spinal anesthesia
(D)  preexisting bradycard ia
(E)  ASA I status

71. A 45-year-old  male with a history of hyperten-
sion that is controlled  with a d iuretic is sched-
u led  for a hernia repair. H e is completely 
asym ptom atic, bu t h is p lasm a potassium 
concentration is 3.0 mEq/ L. The appropriate 
management is to

(A)  cancel the procedure
(B)  start a potassium infusion and  proceed
(C)  proceed  with the procedure but not 

administer potassium
(D)  give 40 mEq of potassium by mouth 

before starting
(E)  proceed  with the procedure only if it 

can be done under regional anesthesia

72. Intracranial pressure (ICP) can be monitored  
with all of the following EXCEPT

(A)  a catheter implanted  d irectly into brain 
parenchyma

(B)  by a pressure transducing bolt in the 
subarachnoid  space
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(C)  by a pressure transducer in the epidural 
space

(D)  a ventriculostomy catheter
(E)  a catheter in the subdural space

73. In a mixture of gases (such as air)

(A)  all vapors, but not all gases obey 
Dalton’s law

(B)  each gas contributes a partial pressure 
that is proportional to its solubility

(C)  each gas contributes a partial pressure 
that is proportional to its molecular 
fraction

(D)  the total pressure is equal to the sum of 
the gases multiplied  by the number of 
gases

(E)  the total pressure is equal to the sum of 
the gases d ivided  by the number of 
gases

74. An effect of metoclopramide is

(A)  dopamine receptor agonism
(B) β -adrenergic agonism
(C)  antagonistic effects at 5-HT3 receptors
(D)  muscarinic cholinergic agonistic effects
(E)  improvement of large bowel motility

75. A 22-year-old  male gunshot victim requ ires 
urgent abdominal surgery. His record  indicates 
that he has biopsy-proven hepatic cirrhosis but 
no history of drug or alcohol use, autoimmune 
disease, or hepatitis. Possible hereditary causes 
for cirrhosis in this patient include all of the 
following EXCEPT

(A)  hemochromatosis
(B) α1-antitrypsin deficiency
(C)  Wilson d isease
(D)  antithrombin III deficiency
(E)  cystic fibrosis

76. Hypovolemia is suspected  in a septic patient 
in the ICU. All of the following may be seen in 
hypovolemia EXCEPT

(A)  increased  heart rate
(B)  wide pulse pressure
(C)  decreased  urine volume

(D)  flat neck veins
(E)  pale mucous membranes

77. A 42-year-old  man is scheduled  for appendec-
tomy for acute appendicitis. Four years ago, he 
had  a myocard ial infarction and  was treated  
with the insertion of intracoronary stents. He 
underw ent successfu l card iac rehabilitation 
and now plays tennis regularly without angina 
or shortness of breath. He would  be catego-
rized  as ASA Physical Status

(A)  I
(B)  II
(C)  III
(D)  IIIE
(E)  IV

78. A 45-year-old  male is to have a gallbladder 
procedure. He has heart d isease and  is on ami-
odarone. This drug

(A)  should  be stopped before surgery
(B)  has a half-life of 4 h
(C)  is used  for ventricular arrhythmias
(D)  is eliminated  by the kidneys
(E)  has no effects on β -adrenergic receptors

79. Spinal cord  injury is feared  in patients requir-
ing thoracoabd om inal aortic su rgery. The 
arteria rad icularis magna (of Adamkiewicz)

(A)  is the largest of the rad icular arteries 
supplying the spinal cord

(B)  normally feeds the anteroposterior 
spinal artery system

(C)  anastomoses with the splenic artery
(D)  always originates from the suprarenal 

aorta
(E)  may be ligated  with impunity

80. The latent heat of vaporization

(A)  is equal for all liquids
(B)  is independent of the ambient 

temperature
(C)  varies with the temperature of the liquid
(D)  is very low for solids
(E)  for water is 1 calorie/ mL
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81. Carbon monoxide d iffusion capacity (DLCO) 
will decrease with

(A)  smoking within 24 h of the test
(B)  exercise
(C)  pulmonary fibrosis
(D)  increased  hemoglobin
(E)  congestive heart failure

82. A local anesthetic that inhibits the reuptake of 
norepinephrine is

(A)  procaine
(B)  cocaine
(C)  bupivacaine
(D)  mepivacaine
(E)  lidocaine with epinephrine

83. A middle-aged  man with a known pheochro-
mocytoma is scheduled  for elective abdomi-
nal su rgery. Which  one of the follow ing 
statements about his preoperative pharmaco-
logic management is correct?

(A) α-adrenergic blockade is instituted  at 
the same time as β -adrenergic blockade

(B)  d iuretic antihypertensives are contrain-
d icated

(C)  preoperative drug therapy should  be 
started  12 h before surgery

(D)  dosage is ad justed  accord ing to the lev-
els of urinary catecholamine metabolites

(E)  calcium channel blockers are contraindi-
cated  in this condition

84. A patient with history of syncope is suspected  
of Wolff-Parkinson-White syndrome. In this 
condition, the

(A)  heart rate is usually 60 to 80 beats/ min 
during sinus rhythm

(B)  PR interval is less than 0.12 sec during 
sinus rhythm

(C)  QRS duration is usually longer than 
0.12 sec

(D)  the upstroke of the QRS complex is 
often slurred

(E)  adenosine may increase heart rate

85. Atracurium

(A)  has both prejunctional and postjunctional 
effects

(B)  liberates histamine at all dose levels
(C)  liberates histamine at all infusion rates
(D)  breaks down into laudanosine that has 

caused  seizures in humans
(E)  causes increased  blood  pressure

86. A 70-year-old  m an is receiving anticoagu -
lan t drugs to inhibit p latelet glycoprotein IIb/
IIIa receptor. EXCEPT for the following, the 
receptor

(A)  is activated  by cyclic AMP
(B)  participates in aggregation of platelets
(C)  is inhibited  by abciximab
(D)  is inhibited  by eptifibatide
(E)  is activated  by d iverse stimuli

87. Cerebrospinal fluid  pressure may be increased  
by

(A)  coughing
(B)  long expiratory time during positive 

pressure ventilation
(C)  short inspiratory time during positive 

pressure ventilation
(D)  low expiratory resistance
(E)  negative expiratory phase

88. Isoflurane

(A)  is a poor muscle relaxant compared  
with halothane

(B)  has a vapor pressure of 175 mm Hg at 
20°C

(C)  stimulates ventilation
(D)  has a MAC of approximately 1.2%
(E)  should  be delivered  by spontaneous 

ventilation

89. When inhaling from functional residual capac-
ity (FRC) to maximal insp iration, all of the 
following are true, EXCEPT

(A)  pulmonary vascular resistance increases
(B)  pleural pressure decreases
(C)  residual volume stays constant
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(D)  basilar alveoli become larger than apical 
alveoli

(E)  proximal airway pressure is greater than 
alveolar pressure

90. Propofol has all of the following pharmaco-
logical effects EXCEPT

(A)  decreasing cerebral blood flow
(B)  crossing the blood-brain barrier
(C)  reducing ICP
(D)  decreasing cerebral metabolic rate
(E)  decreasing the latency of somatosensory 

evoked  potentials

91. Which one of the following statements regarding 
heparin is most accurate?

(A)  It inhibits several steps in the intrinsic 
pathway of blood  clotting.

(B)  Its dosage may be ad justed  by estimat-
ing the patient’s clotting ability via the 
bleed ing time.

(C)  It should  not be injected  subcutaneously.
(D)  It interacts with d rugs that inhibit the 

liver microsomal enzyme system.
(E)  It should  never be combined  in therapy 

with an oral anticoagulant.

92. A patient undergoing a blood transfusion intra-
operatively develops an acute hemolytic reac-
tion. The diagnosis of such a reaction typically

(A)  reveals ABO incompatibility to be an 
unlikely cause

(B)  identifies incompatibility with a rare 
antigen after detailed  testing

(C)  first presents as hemoglobinuria if the 
patient is under general anesthesia

(D)  shows that the severity of the hemolytic 
reaction is unrelated  to the volume of 
transfused  blood

(E)  leads to shock-induced  hepatic failure 
that is the etiology of most of the associ-
ated  morbid ity

93. A cyanotic child  is suspected  of tetralogy of 
Fallot. The condition includes all of the following 
EXCEPT

(A)  atrial septal defect (ASD)
(B)  ventricular septal defect (VSD)
(C)  right ventricular hypertrophy
(D)  pulmonary outflow obstruction
(E)  overrid ing aorta

94. The pressure of oxygen delivered  by the wall 
connectors in an operating room is approxi-
mately

(A)  1900 psi
(B)  750 psi
(C)  50 psi
(D)  1 atm
(E)  760 mm Hg

95. A 41-year-old  patient with a history of d rug 
abuse is admitted  to the emergency depart-
ment for acute onset, anterior chest pain that is 
rad iating into the back between the shoulder 
blades. Vital signs on arrival include a HR of 
107, and  a BP of 172/ 98. The patient appears 
pale and  d iaphoretic. Emergent TEE findings 
include d ilated  card iomyopathy and  evidence 
of acute aortic d issection; the patient is referred  
for emergent card iac surgery for aortic repair. 
When planning this patient’s anesthetic, cau-
tion has to be exercised  with the administra-
tion of which one of the following drugs?

(A)  labetalol
(B)  epinephrine
(C)  midazolam
(D)  ephedrine
(E)  phenylephrine

96. An application of the Bernoulli theorem is the 
measurement of

(A)  card iac output with a thermodilution 
pulmonary artery catheter

(B)  mean arterial pressure using an auto-
mated  noninvasive blood  pressure 
device

(C)  minute ventilation using a spinning 
turbine

(D)  the pressure gradient across a stenotic 
mitral valve using echocard iography

(E)  airway resistance using a spirometer
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97. A 45-year-old  man with hypertension and  a 
60-pack-year smoking history is being evalu-
ated  in the preoperative clinic for an elective 
neurosurgical procedure to remove a benign 
spinal tumor. All of the following statements 
about exposure to tobacco in the perioperative 
period  are correct EXCEPT

(A)  nicotine replacement therapy should  be 
started  1-2 weeks before an attempt at 
cessation

(B)  smokers are more likely to experience 
wound infections

(C)  patients presenting for surgery are more 
likely to quit smoking when so advised  
than smokers not having surgery

(D)  varenicline for smoking cessation 
should  be started  1-2 weeks before a 
quit attempt

(E)  bupropion is effective pharmacotherapy 
to assist with smoking cessation in the 
perioperative period

98. Arterial oxygen tension can be improved by

(A)  transferring an obese patient from the 
supine to the Trendelenburg

(B)  decreasing inspired  FIO2

(C)  using calcium channel blockers in 
patients on one lung ventilation

(D)  using PEEP in the presence of atelectasis
(E)  increasing the concentration of the vola-

tile agent

99. A 19-year-old  patient presents for emergent 
craniotomy for evacuation of a subdural hema-
toma follow ing a motor vehicle accid ent. 
Which one of the following anesthetics is most 
likely to increase cerebral blood  flow?

(A)  ketamine
(B)  thiopental
(C)  sevoflurane (1 MAC)
(D)  midazolam
(E)  propofol

100. A patient has an arterial catheter in place and  
the anesthesiologist can view the d isp layed  

value of pulse pressure variability. This value 
may be correlated  with

(A)  the probability of card iac ischemia
(B)  the depth of anesthesia
(C)  the degree of hypovolemia
(D)  the card iac output
(E)  the compliance of the lungs

101. A 37-year-old  obese female with a known d if-
ficult airway presents for a laparoscopic chole-
cystectomy. You d iscuss performing an awake 
fiberoptic intubation with topical anesthesia. 
Which local anesthetic is used  exclusively for 
topical purposes?

(A)  Prilocaine
(B)  Tetracaine
(C)  Lidocaine
(D)  Ropivacaine
(E)  Benzocaine

102. A 40-year-old  male patient with acromegaly 
presenting for prostate resection is likely to 
have all of the following EXCEPT

(A)  a d ifficult airway
(B)  glucose intolerance
(C)  hypertension
(D)  hyperthyroid ism
(E)  card iomegaly

103. Calcium channel blockers

(A)  should  be stopped prior to elective 
surgery

(B)  have a profound negative inotropic 
effect when administered  to a patient 
who has been given a high dose opioid  
anesthetic

(C)  may prolong atrioventricular conduc-
tion time when combined  with volatile 
anesthetics

(D)  may antagonize the effect of muscle 
relaxants

(E)  can be used  interchangeably due to 
identical effect sites and  mechanisms of 
action
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104. Which one of the following is true regard ing 
the upper airway?

(A)  The hyoid  bone suspends the sternothy-
roid  muscle at the level of C7.

(B)  The anatomical structure referred  to as 
“Adam’s apple” is called  cricoid  carti-
lage.

(C)  The cricothyroid  membrane is su itable 
for emergency airway access; it is locat-
ed  in the midline at the level of C6.

(D)  To each side of the larynx and  inferior to 
the aryepiglottic folds is the rima glottidis, 
where the endotracheal tube should  be 
placed  during intubation.

(E)  The laryngoscope should  be positioned  
in the p iriform sinus during d irect 
laryngoscopy.

105. The irrigating fluid  for a 55-year-old  otherwise 
healthy m an  u nd ergoing transu reth ral 
prostatic resection

(A)  can cause hypotension and  tachycard ia 
in the anesthetized  patient

(B)  should  be water
(C)  should  be isosmolar
(D)  should  be hypertonic saline
(E)  should  be a solution of a non-

metabolized  solute

106. Hypercarbia occurring under anesthesia may 
be due to all of the following, EXCEPT

(A)  increased  dead  space ventilation
(B)  exhaustion of soda lime
(C)  pulmonary embolism
(D)  hyperventilation
(E)  malignant hyperthermia

107. An anesthetic agent for which a specific antag-
onist exists is

(A)  etomidate
(B)  butorphanol
(C)  thiopental
(D)  propofol
(E)  succinylcholine

DIRECTIONS: Use the following scenario to answer 
Questions 108-109. A 55-year-old  male is admitted  
with a history of hypertensive heart d isease and  
evidence of acute myocard ial infarction. Vital signs 
are: blood  pressure 180/ 110, heart rate 124 per 
minute, body temperature 101°F, and  respiratory 
rate 24 per minute.

108. Efforts to improve myocard ial oxygenation 
should  include the following EXCEPT

(A)  decreasing arterial blood  pressure
(B)  decreasing body temperature
(C)  administration of intravenous flu id
(D)  slowing heart rate
(E)  administration of oxygen

109. Chest pain worsens as the heart rate and blood  
pressure are reduced with metoprolol and nitro-
glycerin. Additional measures might include

(A)  an inhibitor of cyclic-GMP phosphodies-
terase

(B)  amiodarone
(C)  antifibrinolytics
(D)  anticoagulation
(E)  lidocaine

110. A contraindication to the discharge to home of a 
previously healthy, ASA I patient, who had a 
hernia repair under general anesthesia would be

(A)  heart rate 20% higher than baseline
(B)  systolic blood pressure 20% lower than 

baseline
(C)  inability to void
(D)  oxygen saturation of 93% on room air
(E)  requiring the assistance of another person 

to ambulate

111. Which one of the following factors introduces 
the greatest degree of error in the measurement 
of hemoglobin saturation by pulse oximetry?

(A)  High concentration of fetal hemoglobin
(B)  High concentration of sickle hemoglobin
(C)  High concentration of methemoglobin
(D)  High concentration of deoxyhemoglobin
(E)  Hyperbilirubinemia
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DIRECTIONS: Use the following scenario to answer 
Questions 112-113: An operating room is protected  
by an isolated  power system that is monitored  by a 
line isolation monitor. During laparoscopic chole-
cystectomy surgery, the line isolation monitor 
alarms and  the meter ind icates 8 mA.

112. What action should  initially be taken?

(A)  Unplug the flu id  warmer because it 
d raws the most current.

(B)  Unplug the surgeon’s rad io because it is 
unnecessary to the procedure.

(C)  Turn off the fluorescent lights because 
they often interfere with the line isola-
tion monitor.

(D)  Unplug the last device that was connected  
to the circuit.

(E)  Unplug the anesthesia monitors and  
operate them on battery power.

113. If none of the maneuvers taken by the OR staff 
removes the alarm cond ition, w hat action 
should  be taken next?

(A)  Relocate the patient to a d ifferent 
operating room while maintaining 
anesthesia.

(B)  Convert to open cholecystectomy and 
avoid  cautery.

(C)  Continue the surgery because 8 mA is a 
harmless current that is flowing through 
the patient.

(D)  Continue the surgery because a second, 
rare electrical fault will need  to occur in 
order to cause electrical injury to the 
patient.

114. A 51-year-old  patient is undergoing popliteal 
block under u ltrasound guidance for postop-
erative pain control following ankle surgery. 
Mid azolam 2 m g intravenously has been 
ad ministered  incrementally for p roced ural 
sedation. Shortly after injection of 30 mL of 
ropivacaine 0.5%, the patient starts to com-
plain about visual d isturbances that are quickly 
followed by loss of consciousness and  respira-
tory arrest. Vital signs at the time are signifi-
cant for new onset hypotension and  card iac 

arrhythmia. Assuming that the patient is expe-
riencing symptoms of local anesthetic toxicity 
(LAST), which one of the following interven-
tions is most appropriate?

(A)  Ventilation with 100% O2, propofol 
bolus, administration of lidocaine and  
phenylephrine

(B)  Ventilation with 100% O2, midazolam 
bolus, administration of lidocaine and  
vasopressin

(C)  Ventilation with 100% O2, administra-
tion of d iazepam, a beta blocker, and  
epinephrine

(D)  Ventilation with 100% O2, administration 
of m id azolam follow ed  by continuous 
infusion of Intralipid 20%, administration 
of lidocaine and  phenylephrine

(E)  Ventilation with 100% O2, administra-
tion of 1.5 mL/ kg Intralipid  20% fol-
lowed by continuous infusion, adminis-
tration of phenylephrine

115. The principal d isadvantage of methohexital is

(A)  poor water solubility
(B)  dose dependent decrease in blood

p ressu re greater  than  that p rod u ced  
by propofol

(C)  low pH of solution
(D)  involuntary muscle movements
(E)  increase in ictal activity

116. Assuming a constant rate of carbon d ioxide 
formation, the relationship  between alveolar 
ventilation (in a patient under general anesthe-
sia) and  carbon d ioxide and  hyd rogen ion 
concentration is

(A)  carbon d ioxide is d irectly proportional 
to ventilation

(B)  d oubling ventilation w ill lead  to resp i-
ratory alkalosis

(C)  reducing ventilation to one fourth of 
normal will lead  to metabolic acidosis

(D)  interrupting ventilation for five minutes 
will cause, next to hypoxemia, profound 
respiratory alkalosis

(E)  alveolar ventilation only responds to 
endogenous CO2
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117. Effects of fat embolism include all of the fol-
lowing, EXCEPT

(A)  hypoxia
(B)  tachypnea
(C)  interstitial pulmonary edema
(D)  neurological impairment
(E)  left-axis deviation in the ECG

118. A 37-year-old woman presents for a brain biopsy 
under monitored  anesthesia care. She has a 
family history of acute intermittent porphyria 
(AIP) and relates a history of several porphyric 
attacks over the last 20 years. All of the following 
statements about AIP are true EXCEPT

(A)  propofol is safe in patients with AIP
(B)  severe abdominal pain, mental status 

changes and  peripheral neuropathy 
characterize acute porphyric attacks

(C)  it is related  to a specific enzyme defi-
ciency in the biosynthesis of flavin-
containing enzymes

(D)  etomidate should  be avoided  in patients 
with AIP

(E)  factors known to precipitate acute por-
phyric crisis include fasting, dehydra-
tion, and  infection

119. The patient with myasthenia gravis

(A)  has weakness of muscles innervated  by 
cranial nerves

(B)  usually has d iaphragmatic weakness
(C)  is very sensitive to succinylcholine
(D)  has focal sensory deficits
(E)  often has associated  carcinomas

120. The brain stem is supplied  with blood from the

(A)  midd le cerebral artery
(B)  cingulate artery
(C)  basilar artery
(D)  posterior cerebral artery
(E)  posterior communicating artery

121. When donated  blood  is initially collected , it is 
mixed  with an anticoagulant and  preservation 
solution containing glucose, citrate, phosphate, 
and  adenine. It has a shelf life of five weeks. 

If the unit of whole blood thus collected  is frac-
tionated  into its components, the shelf life of 
the packed  red  cells may be extended  to six 
weeks by adding additional glucose and

(A)  ascorbic acid  (Vitamin C)
(B)  2,3-DPG
(C)  sodium bicarbonate
(D) α-tocopherol (Vitamin E)
(E)  adenine

122. All of the following statements are true regard-
ing smoking, EXCEPT

(A)  smoking is the strongest modifiable risk 
factor for card iovascular d isease

(B)  compared  to non-smokers, FEV1 tends 
to decrease more in smokers with 
increasing age

(C)  smoking cessation before surgery may 
reduce airway hyperreactivity

(D)  postoperative smoking cessation may 
improve wound healing

(E)  risk of postoperative nausea and vomit-
ing is higher in smokers

123. Ropivacaine

(A)  is supplied  as a racemic mixture
(B)  is less likely than bupivacaine to cause 

ventricular arrhythmias after accidental 
intravenous injection

(C)  produces motor blockade of longer 
duration than sensory blockade

(D)  has a low degree of toxicity by virtue of 
its rapid  intravascular metabolism

(E)  is an aminoester agent

DIRECTIONS: Use the following case to answer 
Questions 124-126: A 67-year-old  woman is brought 
to the operating room for an exploratory laparoto-
my for an intra-abdominal abscess. After induction 
of anesthesia, a hot air warmer is applied  to the 
patient and  but not initiated  because the esophageal 
temperature is measured  at 37.8°C. The skin is 
warm and wet to touch. Anesthesia is maintained  
with isoflurane in an air/ oxygen mixture and  mus-
cle relaxation is provided  by vecuronium. After 
opening the abdomen and  washout of the abscess 
cavity, the temperature drops to 36.5°C.
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124. The patient may sweat as a result of all of the 
following processes EXCEPT a

(A)  thermal-regulating mechanism
(B)  process mediated  by β -adrenoceptors
(C)  response to sepsis and  hyperpyrexia
(D)  response to emotional stimuli
(E)  response to hypoglycemia

125. Core temperature in the patient under general 
anesthesia

(A)  is closely regulated by the hypothalamus
(B)  is elevated  if the patient is peripherally 

vasodilated
(C)  cannot be increased  by increased  

metabolism
(D)  is best assessed  by skin temperature
(E)  will tend  to drift toward  ambient 

temperature

126. Regulation of body core temperature involves 
all of the following EXCEPT

(A)  heat production by muscle
(B)  heat production by the liver
(C)  heat d issipation by shivering
(D)  heat d issipation by the lungs
(E)  heat d issipation by the skin

127. The d ifference between the alveolar pressure 
and  the ambient pressure is the sum of

(A)  transpulmonary pressure and  chest wall 
transmural pressure

(B)  esophageal balloon pressure and  chest 
wall transmural pressure

(C)  chest wall transmural pressure and  
pulmonary artery occlusion pressure

(D)  pulmonary artery occlusion pressure 
and  esophageal balloon pressure

(E)  esophageal balloon pressure and  
transpulmonary pressure

DIRECTIONS: Use the following figure to answer 
Questions 128-129:
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128. Drugs A and  B w ere given by intravenous 
bolus every 24 h. From the graph, it can be con-
cluded  that

(A)  drug A maintains persistent therapeutic 
levels when administered  every 24 h

(B)  drug B is cumulative when adminis-
tered  every 24 h

(C)  drug A exhibits cumulative properties
(D)  drug B is completely destroyed  in less 

than 24 h
(E)  drug B has reached  steady state plasma 

concentration after 4 days

129. In addition, the graph shows that

(A)  drug A has a long half-life in the body
(B)  a large initial dose of both drugs was 

given
(C)  d ifferent doses are given for initial doses 

and  maintenance doses
(D)  in the case of drug B, the body does not 

remove one dose before another is 
administered

(E)  duration of action of the two drugs is 
identical

130. All of the following are true of airway resis-
tance EXCEPT

(A)  decreases with maximal inspiration
(B)  increases with parasympathetic 

stimulation
(C)  increases with sympathetic stimulation
(D)  increases with acetylcholine inhalation
(E)  increases with inhalation of smoke
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131. Mannitol decreases cerebral edema because it

(A)  blocks reuptake of sodium in the collect-
ing system

(B)  d raws water across an intact blood brain 
barrier to dehydrate the brain

(C)  reduces red  blood cell volume
(D)  is a peripheral vasodilator
(E)  can be given in kidney failure

132. Sickle cell formation is facilitated  by all of the 
following EXCEPT

(A)  hypoxemia
(B)  sevoflurane
(C)  acidosis
(D)  fever
(E)  dehydration

133. A 33-year-old  w om an  w ith  a  recen t  on set 
(3 weeks) of clinical hyperthyroidism is admit-
ted  for repair of a tendon laceration. She has 
not taken  m eth im azole for 4 d ays. At th is 
time the

(A)  patient should  be essentially euthyroid
(B)  patient should  have general anesthesia 

if at all possible
(C)  therapy with methimazole may have 

rendered  the patient hypothyroid
(D)  patient would  probably have

bradycard ia
(E)  patient should  be considered  as a high-

risk hyperthyroid  patient

134. Which one of the following is a characteristic 
of general anesthetic agents?

(A)  All inhaled  anesthetics produce bron-
chodilation.

(B)  All general anesthetics are gases at body 
temperature.

(C)  All general anesthetic effects may be 
explained  by their ability to d isrupt 
membrane lipid -protein interactions.

(D)  General anesthetic effects may be 
reversed  by decreasing the ambient 
pressure.

(E)  Nitrous oxide causes a dose-dependent 
inhibition of DNA synthesis.

135. Milrinone

(A)  inhibits Na,K-ATPase
(B)  causes vasodilation
(C)  is an endothelin receptor antagonist
(D)  stimulates phosphodiesterase
(E)  has inotropic effects via β 1-adrenoceptor 

stimulation

DIRECTIONS: Use the following figure to answer 
Questions 136-137:

136. As compared  to the normal Curve 2, all of the 
following are TRUE about Curve 3 EXCEPT

(A)  residual volume is elevated
(B)  late expiratory flow is reduced
(C)  vital capacity is relatively normal
(D)  total lung capacity is elevated
(E)  it is characteristic of restrictive lung 

d isease

137. As compared  to the normal Curve 2, all of the 
following are TRUE about Curve 1 EXCEPT

(A)  residual volume is reduced
(B)  late expiratory flow is reduced
(C)  vital capacity is reduced
(D)  total lung capacity is reduced
(E)  it is characteristic of restrictive lung 

d isease
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138. Thiopental is contraind icated  in

(A)  porphyria congenita
(B)  porphyria cutanea tarda
(C)  acute intermittent porphyria
(D)  myotonia
(E)  chorea

139. Signs of hypoxemia include all of the following 
EXCEPT

(A)  decreased  ventilatory effort due to 
chemoreceptor stimulation

(B)  increased  heart rate due to sympathetic 
stimulation

(C)  cyanosis
(D)  decreased  heart rate due to d irect effect 

of hypoxemia on the heart
(E)  increased  blood  pressure due to sympa-

thetic stimulation

140. Dopamine

(A)  in a low dose infusion can cause 
vasodilation and  inhibit release of 
norepinephrine from sympathetic 
nerves

(B)  as a low dose infusion is selective for 
the α2-adrenoceptor

(C)  as a high dose infusion is beneficial in 
patients with primary card iac contractile 
dysfunction

(D)  acts via nicotinic receptors
(E)  is a β1-selective inotrope

141. Agents in anesthetic practice that can cause 
bronchodilatation include all of the following, 
EXCEPT

(A)  ketamine
(B)  atropine
(C)  isoflurane
(D)  sevoflurane
(E)  thiopental

DIRECTIONS (Questions 142-143): Each group of 
items below consists of lettered  head ings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  heading or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent may be selected  once, more than once, or not 
at all.

(A)  Pneumothorax
(B)  Myocard ial infarction
(C)  Local anesthetic toxicity
(D)  Anaphylaxis
(E)  Hemidiaphragmatic paresis
(F)  Transient neurologic injury
(G)  Spinal stenosis
(H)  Total sp inal anesthesia

For each patient reporting severe shortness of 
breath, select the most common reason for his or her 
symptoms

142. An 18-year-old  cheerleader is schedu led  to 
undergo open reduction and  internal fixation 
of her wrist after sustaining a d istal rad ial frac-
ture. One hour before the scheduled  surgical 
procedure she undergoes a supraclavicu lar 
brachial plexus block with 20 mL of 0.5% bupi-
vacaine. One hour after returning to the PACU, 
she reports severe shortness of breath.

143. A 72-year-old  patient w ith COPD und ergoes 
a left interscalene brachial p lexus block w ith 
20 mL of 0.5% rop ivacaine. Fifteen m inu tes 
after the local anesthetic injection, the patient 
reports severe shortness of breath . The m on-
itor d isp lays sinus tachycard ia w ith  a heart 
rate of 134.
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DIRECTIONS (Questions 144-145): Each group of 
items below consists of lettered  headings followed  
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  head ing or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent m ay be selected  once, m ore than once, or not 
at all.

(A)  T2
(B)  T4
(C)  T6
(D)  T7
(E)  T10
(F)  L1

For each patient, select the appropriate dermatome 
level corresponding to the height of the spinal anes-
thetic block.

144. A 21-year-old  female presents for a cesarean 
section due to an arrest in labor. You perform 
a spinal anesthetic with 13.5 mg of hyperbaric 
bupivacaine. When assessing the level of block 
you determine that the patient is insensate to 
the level of the nipple line.

145. A 78-year-old  man with a history of coronary 
artery d isease presents for transurethral resec-
tion of the prostate. You  decide to perform 
spinal anesthetic in order to be able to monitor 
the patient’s neurologic status. Your goal is to 
achieve a level of blockade corresponding to 
the umbilicus.

DIRECTIONS (Questions 146-150): Each group of 
items below consists of lettered  head ings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  heading or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent may be selected  once, more than once, or not 
at all.

(A)  Acute pericard itis
(B)  Chronic pulmonary hypertension
(C)  Chronic constrictive pericard iopathy
(D)  Myocard itis
(E)  Pericard ial tamponade
(F)  Post-infarction ventriculoseptal defect 

(VSD)
(G)  Pulmonary embolism
(H)  Rheumatic fever
(I)  Spontaneous pneumothorax

For each patient with a card iac symptom or sign, 
select the most likely mechanism causing the symp-
toms or sign.

146. A 70-year-old  man appears to be stabilizing 
well after a myocard ial infarction. He sud -
denly develops p rofound  hypotension and  
respiratory d istress. An endotracheal tube is 
p laced , and  an intra-aortic balloon pump is 
initiated .

147. A 60-year-old  woman with insid ious dyspnea 
on mild  exertion has a systolic heart murmur.

148. A young adult complains of recent onset of 
chest pain and  breathlessness.

149. A 58-year-old man underwent uneventful coro-
nary artery bypass grafting, and is transferred  
to the intensive care unit. After 4 h of hemody-
namic stability, he suddenly develops profound  
hypotension, and equalization of invasive pres-
sures is noted on initial evaluation.

150. A 60-year-old  recipient of heart transplantation 
has poor card iac output initially after the sur-
gery bu t improves d u ring treatment w ith 
inhaled  nitric oxide and  a phosphodiesterase 
inhibitor.
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1.  (B) The interaction of rocuronium and acetyl-
choline at the myoneural junction is one of 
competition for bind ing sites. As the relaxant 
occupies the receptors, acetylcholine cannot 
bind  and  have an effect. (1:60)

2.  (D) Compliance increases as one moves down 
the lung. Dependent alveoli are smaller due to 
the weight of the above tissue. However, this 
also means that they have a higher capacity 
for expansion. The shape of the thorax and  
d iaphragm enhance this effect (5:959)

3.  (A) (1:1255, 1263)

4.  (A) The liver is the most important site of drug 
transformation. The kidney is responsible for 
the excretion of many drugs, and  the metabo-
lism of a few. There are some drug metabolism 
reactions that occur in the lung and  a few that 
occur in the spleen. (1:28)

5.  (C) Esmolol is inactivated  by esterase activity 
in the cytosol of red  cells. Pseudocholinesterase 
is a plasma protein attacking succinylcholine 
and  ester local anesthetics. Remifentanil is 
degraded  in skeletal muscle. Alkaline phos-
phatase activates w ater-soluble p rop ofol. 
(5:752-3)

6.  (A) The type of medical or surgical stress needs 
to be considered  when ordering glucocorticoid  
supp lementation in  patients w ith ad renal 
insufficiency. Patients undergoing minor pro-
cedures such as herniorrhaphy or colonoscopy 
are supplemented  with 25 mg of hydrocorti-
sone or 5 mg of methylprednisolone IV for the 
procedure only. (5:157)

7.  (E) Bioavailability is the amount of drug that 
reaches its site of action in active form. (1:20)

8.  (E) Patients with anorexia nervosa may have 
profound  electrolyte d isturbances increasing 
the risk of dysrhythmias. Osteoporosis may 
result from malnutrition. Orthostatic hypoten-
sion, delayed  gastric emptying and  bradycar-
d ia are common. (6:637)

9.  (D) In one small study, patients with unequiv-
ocal intraoperative awareness had  a 50% inci-
d ence of d evelop ing posttraum atic stress 
d isorder. (5:609)

10.  (A) The congenital syndrome affects 1 in 5000 
people and occurs because of cardiac ion channel 
mutations. The acquired  syndrome is more 
common and is caused by medication side effects 
or electrolyte d isturbances. A prolonged QT 
interval increases the likelihood of torsades de 
pointes and ventricular fibrillation. (5:107-8)

11.  (D) Renal clearance of a drug in an ind ividual 
w ith normal renal function may vary from 
patient to patient and  from time to time, 
depending on such variables as urine pH and  
flow rate and renal blood flow. Excretion is cor-
related  with renal blood flow. Renal elimina-
tion is correlated  with creatinine clearance, and  
one may use changes in creatinine clearance to 
gauge how doses must be altered . (1:28-30)

12.  (A) Class I is asymptomatic during ord inary 
exertion. Class II is slightly limited  because 
ord inary activity is symptomatic. Class III is 
marked ly limited  bu t asymptomatic at rest. 
Class IV has symptoms at rest. (6:1818)

Answers  and Explana tions
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13.  (C) Closing volume is the lung volume at which 
small airways collapse. Closing volume is related  
to lung elasticity. Factors that change FRC (gen-
eral anesthesia, obesity, and supine position) can 
cause bronchioles to close during each breath, 
but do not change closing volume, per se. Closing 
capacity is measured by a single breath from 
maximal exhalation of a tracer gas, or by nitrogen 
washout after using 100% O2 as the tracer gas. 
Measurement of closing volume will detect 
changes in the small airways before they become 
apparent by spirometry. (5:133, 256)

14.  (D ) Trad itional signs of the anesthetic state 
are not seen with ketamine administration. 
Purposeless movements are seen, and  these do 
not ind icate the need  for more anesthetic. 
(5:699-701)

15.  (D) Global cerebral blood  flow is 50 mL/ 100 
g/ min under normal physiological conditions. 
Cortical areas rich in gray matter receive more 
flow, 75 to 80 mL/ 100 g/ min, whereas sub-
cortical, w hite m atter r ich  areas receive 
20 mL/ 100 g/ min. (5:872; 6:171-2)

16.  (B) In Marfan syndrome, collagen vascular d is-
ease, familial aortic d issection, bicuspid  aortic 
valve, ascending aortic repair is ind icated  at a 
d iameter of 4.5 cm. For other patients the ind i-
cation is a d iameter of 5.5 cm, though 5.0 cm 
indicates ascend ing aortic replacement if the 
aortic valve requires surgery. (5:915)

17.  (C) The peripheral chemoreceptors are primar-
ily responsible for the hypoxic drive of respira-
tion. They are d isabled  at very high oxygen 
tensions. The p erip heral chem orecep tors 
respond to changes in oxygen tension, not con-
tent, and  are located  in the carotid  arteries. In 
the elderly, dysfunction of the peripheral che-
moreceptors can cause a 50-60% reduction in 
the ventilatory response to hypoxia and  hyper-
capnia. (5:134, 251; 6:277)

18.  (D) Warfarin shou ld  not be used  until the 
thrombocytopenia has resolved  because it can 
cause venous limb gangrene or multicentric 
skin necrosis. Danaparoid , lepirudin, and  arg-
atroban are anticoagulants that are approved  

for patients with heparin-induced  thrombocy-
topenia. Benzod iazep ines have no clinical 
effect on the coagulation system. (5:214-5)

19.  (E) The presence of CO2 can demonstrate respi-
ratory gas exchange, but the correct position 
within the tracheo-bronchial tree can only be 
determined  by bronchoscopy, X-ray, or (less 
reliably) auscu ltation. Fogging can appear 
during esophageal intubation. (5:467, 573)

20.  (E) H yp oxic p u lm onary vasoconstriction 
causes d iversion of blood flow from hypoxic to 
non-hypoxic lung tissue. This causes a decrease 
in VD/ VT and  shunting. (5:612)

21.  (C) Succinylcholine in the susceptible patient 
causes the release of potassium from inside the 
cell. The efflux of potassium, which is normal 
at the motor end  plate, is seen over a much 
w ider area of the membrane in the burned  
patient. This may result in a massive outpour-
ing of potassium and  card iac arrest. (5:1345)

22.  (D) The time constant of the system is the 
volume divided by the fresh gas flow, i.e., 5 L ÷ 
1 L/ min, or 5 min. Since 1− e

t
τ =  1 – e–1 =

0.63, after one time constant the desflu rane 
concentration will be 63% of the value set on 
the vaporizer. After two time constants, the 
percentage is 85%; after three time constants, 
95%; after four time constants, 98%; and  after 
five time constants, 99.3%. (5:601)

23.  (D) Factor VIII is deficient in hemophilia A, 
while factor IX is the Hageman factor. (5:208-9)

24.  (D) Propofol is an intravenous agent w ith a 
fast onset and  short time to awakening. It is 
essentially insoluble in water and  there is very 
little analgesic effect. When compared  to thio-
pental, the sleep time is shorter. (5:688)

25.  (D) Metabolic syndrome increases the risk of 
card iovascu lar d isease, cerebrovascular d is-
ease, and  d iabetes. Approximately one-half of 
patients w ith polycystic ovarian d isease are 
obese and  metabolic synd rome is common. 
There is no role for prophylactic medication. 
(5:165-6; 6:387)
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26.  (D) Pulse pressure widens in small d istal ves-
sels. (5:406)

27.  (D) Analysis of arterial blood gases is the most 
reliable method  of documenting hypoxemia, 
bu t pu lse oximetry gives accurate, fast, and  
continuous results and  thus is best as a moni-
tor. Detection of cyanosis and  circu latory 
responses are all subjective and  may not be 
accu rate. Resid ual anesthetics m ay blunt 
normal responses to hypoxia, and  hypoxemia 
may be p resent w ithou t apnea. The pu lse 
oximeter permits the detection of hypoxemia 
in less time than transcutaneous oxygen mea-
surements. In a patient given supplemental 
oxygen, pu lse oximetry is less sensitive in 
detecting hypoventilation. (5:88)

28.  (B) Patients with burns over a large portion of 
their body surface area are resistant to nonde-
polarizing neuromuscular blockade. The other 
factors all potentiate such blockade. (5:502-3)

29.  (A) The Hering-Breuer response is accentuated 
in preterm infants compared  with fu ll-term 
infants and  leads to apnea with lung inflation 
in preterm infants. (5:255)

30.  (D) Sweating and  tachycard ia are compensa-
tory m echanism s to rid  the bod y of the 
increased  heat being produced  in the patient 
w ith hyperthyroid ism. Fatigue is common. 
Hyperthyroid ism may produce hypermotility 
with resultant d iarrhea. Shivering is not a heat-
losing mechanism. (6:314, 2923)

31.  (C) A patient who is deeply sedated  should  
respond purposefully to a painful pinch while 
a patient under general anesthesia should  not. 
The ability to follow a simple command, and  
maintain adequate minute ventilation and  an 
unobstructed  airway are all characteristics of 
moderate sedation. The BIS values associated  
w ith deep  sedation and  general anesthesia 
overlap substantially and  therefore cannot be 
used  to d istinguish the two states. (5:1261)

32.  (E) From the data presented  in the two seg-
ments, the only statement that can be made is 
that there is a 90% block. The block cou ld  

represent either type of blockade. Complete 
relaxation is not present. (5:494-6)

33.  (D) The d rug is a muscle relaxant since tetanic 
stimulation produces fade. The drug may be 
either a depolarizing or nondepolarizing relax-
ant. If the cumulative dose of a depolarizing 
relaxant is sufficient to cause a phase II block, 
fade may be demonstrated . (5:494-6, 500)

34.  (B) The m ou ntaineer ’s alveolar oxygen 
concentration is estimated  from the alveolar 
gas equation:

PAO2 =  FIO2 ×  (Patm −  PH2O) −  PaCO2

     ×  (FIO2 +  (1 −  FIO2)/ RQ))

Assuming a value of 0.8 for the respiratory 
quotient, the mountaineer ’s alveolar oxygen 
concentration would  be approximately 54 mm 
Hg at an altitude of 10,000 feet. Because he is 
fit, his alveolar-arterial oxygen d ifference is 
probably less than 10 mm Hg, so he should  
avoid  ascending above 10,000 feet to maintain 
h is a r ter ia l oxygen  con cen tra t ion  above 
45 mm Hg. (5:459)

35.  (D) Atracurium has four chiral centers and  
therefore there are 16 possible isomers. The 
marketed  product contains a mixture of 10 iso-
mers, each with d ifferent pharmacokinetic and  
pharmacodynamics properties. Cisatracurium 
is one of the isomers among the ten contained  
in atracurium. Even at very large doses, hista-
mine release induced  by cisatracurium is neg-
ligible. Atracurium is both more rapid  in onset 
and  shorter in duration than cisatracurium. 
(5:498, 503-4)

36.  (C) At the time of the second  heart sound, the 
mitral valve is opening. The closing of the 
aortic and  pulmonic valves, isometric relax-
ation, and  the T waves are coincident. (6:1826)

37.  (E) The slope of the response curve is an index 
of the patient’s sensitivity to carbon d ioxide. 
The slope and  position may change. Increased  
work leads to a flatter slope. Anesthetics d iffer 
in their effect on the curve. (5:710)
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38.  (B) The descending motor tracts are located  in 
the ventral white matter in the spinal cord . The 
p rimary blood  supply is from the anterior 
spinal artery. (5:485; 6:3371)

39.  (E) When a nondepolarizing muscle relaxant is 
present, acetylcholine cannot be mobilized  in 
sufficient quantities to sustain contraction. It is 
not a result of record ing inabilities or potas-
sium. Cellu lar DNA is not a factor. (1:258-9)

40.  (A) Von Willebrand d isease is one of the more 
common congenital bleeding d isorders and  is 
often d iagnosed  in child ren. The defect is in 
von Willebrand  factor and  has an autosomal-
dominant transmission in most cases. There is 
an equal male-to-female d istribution ratio. Von 
Willebrand  factor participates in the process of 
p latelet adhesiveness. Thus, affected  patients 
usually have a prolonged  bleeding time and  a 
normal platelet count. (5:209-10; 6:971-2)

41.  (E) Excitation of the cardiac cell membrane and  
depolarization are accompanied  by calcium 
entering the cell. Calcium ions increase myo-
card ial contractile force, prolong duration of 
systole, increase vascular tone, and  increase 
ventricular automaticity. (1:57-8, 755-6)

42.  (D) All of the listed  causes of blindness have 
been associated  with prolonged  spine surgery 
in the prone position, bu t anterior ischemic 
optic neuropathy is the most common etiology. 
(5:895-6)

43.  (A) The transdermal therapeutic system con-
taining scopolamine should  be applied  to the 
postau ricu lar m astoid  region w here d rug 
absorption is especially efficient. The drug is 
much more effective in prevention of PONV 
than in  treatm ent of nausea once it has 
occurred . The patch has a duration of action of 
abou t 72 h; side effects include d ry mouth, 
d rowsiness, and  blurred  vision. (1:233-4, 923; 
5:1288-9)

44.  (E) In a typical anesthesia ventilator, during 
inspiration, the pressure relief valve is closed  
so that the tidal volume delivered to the patient 

is the sum of the set tidal volume plus the fresh 
gas flow that occurs during inspiration. In this 
case, the total fresh gas flow is 6,000 mL/ min 
or 100 mL/ sec. With a ventilator rate of 20/ min, 
each breath lasts for 3 sec. With an I:E ratio of 
1:2, the insp iratory phase lasts for 1 sec. 
Therefore, the set tidal volume is augmented  
by fresh gas flow ing for 1 sec, or 100 mL/
breath. The delivered  tidal volume is therefore 
150 mL and  the minute ventilation is 3 L/ min. 
(5:650)

45.  (D ) With increasing age closing capacity 
increases and  total lung capacity decreases. 
While total venous admixture increases under 
general anesthesia more in the elderly due to 
increases in d iffuse V/ Q mismatch, the true 
intrapulmonary shunt increases only slightly 
with age. (5:281)

46.  (A) After a patient has had and  recovered  from 
a dose of succinylcholine, it takes a smaller 
amount of nondepolarizing drug than normal 
to establish a neuromuscular block. This may 
be due to continued desensitization of the end-
plate. A longer duration of the nondepolariza-
tion block is also expected . (1:267)

47.  (E) The baricity of a local anesthetic would  be 
the specific gravity of the local anesthetic 
(numerator) d ivided  by the specific gravity of 
CSF (d enom inator). A d rug w ith baricity 
greater than 1 is considered  hyperbaric. (5:794)

48.  (D) Desflurane, but not sevoflurane, may react 
with dry soda lime to yield  a potentially toxic 
concentration of carbon monoxide. The reac-
tion of trichloroethylene, an obsolete anesthetic 
agent, yielded  phosgene. (5:614)

49.  (A) Blood pressure readings usually are falsely 
high due to the d ifficulty in obtaining a suit-
able cuff. The cuff bladder length should  be at 
least 80%, and  the width 40%, of the limb cir-
cumference. Venous and  arterial access may be 
d ifficult. Intubation may be d ifficult. It may be 
impossible to get a su itable mask fit. Nerve 
blocks may be d ifficult because of the problem 
in find ing landmarks. (5:312)
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50.  (A) Omeprazole is an inhibitor of the proton 
pump in the gastric mucosa and  decreases gas-
tric acid  secretion. It is used  to treat pep tic 
u lcer d isease. (1:1311)

51.  (A) Acetazolamide is an inhibitor of carbonic 
anhydrase. It decreases the formation of aque-
ous humor and  lowers intraocular pressure in 
glaucoma. (1:677-8)

52.  (B) Glyburide is an oral hypoglycemic agent 
used  to treat non-insulin-dependent (type II) 
d iabetes mellitus. (1:1255)

53.  (E) SSEPs are affected  by nitrous oxide to a 
small extent and  to a lesser degree than by 
volatile anesthetics. Deep levels of isoflurane 
w ill d isrupt the tracings. They are not d is-
rupted  by lower doses of propofol. The trac-
ings evaluate latency and  amplitude. (5:484-8)

54.  (B) The vapor pressure of sevoflurane at 20°C
is 160 mm Hg and that of enflurane is 175 mm 
Hg. Therefore, the least error in the delivered  
concentration of sevoflurane would  result by 
administering it with an enflurane vaporizer. 
The sevoflurane concentration would  thus be 
slightly less than that set on the vaporizer d ial. 
(5:627, 629)

55.  (A) Of the options, bupivacaine is the most car-
d iotoxic. Chloroprocaine is the least card io-
toxic d rug given its rap id  metabolism by 
esterases in blood . This characteristic makes it 
an attractive drug to administer epidurally in 
obstetrical patients. (5:779)

56.  (C) All of the options are true, if positioning is 
done properly, except C. This requires careful 
placement of rolls under the body in the prone 
position so that no pressure is placed  on the 
abdomen. There is an overall increase in venti-
lation with increased  vital capacity (VC) and  
FRC in the sitting position. (5:362)

57.  (C) All of these effects act to increase the differ-
ence between the partial pressure of the agent 
in the fresh gas and the partial pressure in the 

inspired gas except metabolism since isoflurane 
is essentially not metabolized. (5:598, 600-1)

58.  (D) Low fresh gas flow rate, low minute ventila-
tion, low anesthetic concentration in the fresh 
gas, and high cardiac output all decrease the rate 
of onset of an inhaled anesthetic. A low blood:gas 
partition coefficient, indicative of a low-solubility 
agent, increases the rate of onset. (5:600-2)

59.  (D ) The patient w ho develops pu lmonary 
edema in the recovery room usually does so 
within the first hour. Distended neck veins or 
increased  CVP may be absent, but the patient 
is usually w heezing. An occluded  endotra-
cheal tube may be the problem. (5:1288)

60.  (B) The number of calories required to raise the 
temperature of 1 g of a substance by 1°C is its 
specific heat. The specific heat varies for d iffer-
ent substances. (5:626)

61.  (C) The failing heart attempts to compensate 
by salt retention and  increasing blood  volume. 
Myocard ial hypertrophy occurs, and  there is 
an increased  sympathetic outflow to improve 
output. Ventricular filling pressure increases as 
the heart decompensates. Vasoconstriction is 
part of the neurohumoral response to heart 
failure. (5:176; 6:1906-7)

62.  (B) The pin index safety system consists of two 
p ins located  on the yoke of the anesthesia 
machine. The position of the pins is d ifferent 
for each medical gas. This system prevents the 
wrong medical gas tank from being hung on a 
particular yoke. Although it is found  on the 
anesthesia machine, it is not at the site where 
gas hoses are connected . (5:618)

63.  (D) A and  B have the same efficacy because 
they produce the same maximum response. 
Because A is located  to the left of B on the 
X-axis, A is said  to be more potent than B; A 
will produce a particular magnitude of effect 
at a lower dose than will B. The dose at which 
the half-maximal response occurs, the ED50, is 
lower for A than for B. It is likely that A and B 
act via the same receptor. (1:44-5)
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64.  (A) The effect of drug Y is to shift the dose–
response relationship of X to the right with no 
effect on the maximum response to X. This is 
the definition of a competitive antagonist. It is 
likely that X and  Y act via the same receptors. 
(1:46-8)

65.  (A) Patients with end-stage renal d isease are 
anemic because the kidney is the p rimary 
sou rce of erythrop oietin . They have an 
increased  bleed ing time due to p latelet dys-
function, but the platelet count is not necessar-
ily abnormal. Electrolyte abnormalities include 
hyp erkalem ia and  hyp erp h osp hatem ia. 
(6:2310-2)

66.  (C) The transplanted  heart has intact α- and  
β -adrenoceptors. The Frank–Starling effect is 
intact. Atropine will not have any effect since 
there is neither au tonomic innervation nor 
circulating cholinergic agonist. (5:1093)

67.  (E) CSF flows through the cerebral ventricles 
and  the subarachnoid  space before absorption 
in the arachnoid  villi. There is no CSF in the 
epidural space. (5:871-3; 6:3435)

68.  (A) Verapamil is a calcium channel blocker that 
is useful in the treatment of supraventricular 
tachycard ia. It is usefu l in the patient w ith 
asthma but should  not be combined  with pro-
pranolol, since it may cause profound  brady-
cardia. The drug causes vasodilatation. It slows 
the rate in pacemaker cells. (1:757-9)

69.  (D) When the d ial on Tec 5 vaporizer is in the 
“off” position, no fresh gas flows through the 
vaporizer. When the oxygen flush valve is 
pressed , the delivered  oxygen has not passed  
through the vaporizers. Therefore, when there 
is concern that liqu id  anesthetic has entered  
the gas delivery system, the vaporizer should  
be flushed  with oxygen at 10 L/ min for 10 min 
with the vaporizer d ial set to its maximum 
value. (5:629)

70.  (D) Although ASA I status is a predictor of bra-
dycard ia following spinal anesthesia, the most 
important predictor is preexisting bradycardia. 
(5:801)

71.  (C) There is a growing consensus that the con-
cern over hypokalemia is unfounded . If the 
likely cause of the hypokalemia is known and 
the patient is asymptomatic, there is no need to 
cancel the procedure in an otherwise healthy 
patient. Intraoperative infusions may cause 
hyperkalemia, and  rap id  administration of 
potassium may result in asystole. It is not pos-
sible to replenish the intracellular potassium 
over a short period  of time. (5:518)

72.  (A) In tracran ial p ressu re is rou tinely m oni-
to red  by  t r an sd u cin g  a  sm a ll ca th eter 
in troduced  into the cerebral ventricle or sub-
arachnoid  space. Similarly, a hollow bolt with 
p ressu re transd u cer attached  or a bolt-
mounted  transducer can be p laced  into the 
subdural space. Alternatively, ICP can be mea-
sured  by placing a pressure transducer into the 
epidural space. A catheter implanted  d irectly 
into brain parenchyma is not used; the Camino 
Bolt uses a fiberoptic cable placed  on the brain 
parenchyma. (5:875; 6:2256)

73.  (C) All gases and  vapors obey Dalton’s law. 
Each gas contributes to the total pressure in an 
amount that is p roportional to its molecular 
fraction. Dalton’s law  states that each gas 
exerts the same pressure that it would  if it 
alone occupied  the container. Solubility plays 
a role in d issolved  gases. (5:626)

74.  (C) Metoclopramide has antagonistic effects on 
dopamine D2 as well as 5-HT3 receptors. Its 
main pharmacologic action is 5-HT4 receptor 
activation. The main ind ication for metoclo-
pramide is the amelioration of nausea and  
vomiting that often accompanies GI dysmotil-
ity syndromes. (1:1325)

75.  (D ) H emochromatosis and  Wilson d isease 
result in cirrhosis due to the accumulation of 
excessive amounts of iron and  copper, respec-
tively, in the liver. α1-antitrypsin deficiency 
causes bullous emphysema as well as cirrhosis. 
Cirrhosis can occur in patients w ith cystic 
fibrosis. Antithrombin III deficiency is a d isor-
der of the clotting cascade that results in exces-
sive thrombosis. (6:2597)
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76.  (B) In hypovolemic states, the pulse pressure 
is narrowed. Heart rate is increased  to main-
tain card iac output, and the neck veins are flat. 
Urine volume is decreased to preserve volume. 
The mucous membranes are pale, reflecting 
lower blood flow to peripheral areas. (5:1398)

77.  (D) Most clinicians would  classify a patient 
with a history of myocard ial infarction as ASA 
physical status III at the minimum, regard less 
of the degree of recovery from the MI. In this 
case, “E” is ad d ed  to the physical status 
because it is an urgent and  unscheduled  pro-
cedure. (5:54)

78.  (C) Amiodarone is useful for both atrial and  
ventricu lar arrhythmias. Amiodarone has a 
half-life of many weeks, therefore stopping it 
before surgery would  have little effect. It is 
eliminated through the liver. Autonomic effects 
of am iod arone includ e a noncom petitive 
β -adrenergic receptor blockade. (1:834-7)

79.  (A) There are several rad icu lar arteries that 
branch from intercostal and  lumbar arteries to 
anastomose with the anteroposterior sp inal 
artery system to supply the spinal cord  with 
blood . The arteria rad icu laris m agna (of 
Adamkiewicz) is the largest of these 4 to 10 
rad icu lar branches. Its origin may be either 
supra- or infrarenal. (5:1573)

80.  (C) The latent heat of vaporization is the 
number of calories needed  to convert 1 g of 
liqu id  into vapor at a constant temperature. 
This value is dependent on the ambient tem-
perature. The colder the liquid , the more calo-
ries needed  to vaporize a given amount of 
liquid . (5:626)

81.  (C) DLCO depends on d iffusion of CO across 
perfused  alveoli to be avid ly bound to hemo-
globin. Smoking falsifies the test result through 
exogenous CO up take. Exercise, congestive 
heart failure, and  increased  hemoglobin pro-
mote CO uptake, while fibrosis impedes d iffu-
sion and  pu lm onary em bolism  d ecreases 
effective gas transfer surface. (5:953)

82.  (B) Cocaine is the only local anesthetic that 
blocks the reup take of norepinephrine. The 
add ition of epinephrine to a local anesthetic 
solution does not affect norepinephrine reup-
take. (1:278)

83.  (B) An α-ad renocep tor antagonist, such as 
phenoxybenzamine or prazosin, is begun one 
to tw o weeks prior to surgery. Once blood 
pressure control is achieved, if tachycardia per-
sists, a β -ad renoceptor antagonist is added . 
Administration of a β-adrenoceptor antagonist 
prior to adequate α-adrenergic blockade may 
resu lt in  w orsening of the hypertension. 
Because patients with pheochromocytoma are 
hypovolemic, d iuretics are contraind icated  in 
the control of the hypertension. The α- and  
β -ad renocep tor antagonists are titrated  to 
blood pressure and  heart rate control, and  do 
not decrease the urinary excretion of catechol-
amine metabolites. (5:158-9)

84.  (D) An accessory conduction pathway is evi-
d enced  by the w id e QRS complex and  its 
slurred  upstroke (delta wave). The patients are 
prone to develop atrial fibrillation or paroxys-
mal supraventricular tachycard ia. (6: 1889)

85.  (A) Atracurium has both pre- and  postjunc-
tional effects. Histamine release is more likely 
only with higher doses (> 0.5 mg/ kg) injected  
rapid ly (in less than a minute). Laudanosine 
has caused  seizures at high plasma levels in 
experimental animals, but this problem has not 
been observed  in humans. The effect of atracu-
rium on blood  pressure is usually minor, but 
hypotension may occur if a large dose is given 
rapid ly. (5:503)

86.  (A) The glycoprotein is a receptor for fibrino-
gen or von Willebrand factor, proteins which, 
in tu rn, p rovide crosslinks to hold  p latelets 
together in  an aggregate. Diverse p latelet-
activating stimuli operate via the glycoprotein. 
Abciximab is an inhibitory monoclonal anti-
body, and  eptifibatide is an inhibitor peptide 
originally found in snake venom. (6:991-2)
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87.  (A) Cerebrospinal fluid  pressure is increased  
with coughing. Coughing increases intratho-
racic and  intraabd ominal p ressu re that is 
transmitted  to the cranial vau lt. Maneuvers 
that d ecrease in trathoracic p ressu re w ill 
decrease intracranial pressure. (5:880-3)

88.  (D) Isoflurane is a better muscle relaxant when 
compared  to halothane. The vapor pressure is 
238 mm Hg at 20°C. Isoflurane depresses ven-
tilation and  should  be delivered  by assisted  or 
controlled  ventilation. The value for MAC is 
correct. Card iac output under isoflurane anes-
thesia in clinically relevant doses is well main-
tained . (1:544; 5:598)

89.  (D) Basilar alveoli expand more than the apical 
ones, but in their end  position are about the 
same size. Residual volume is independent of 
the state of insp iration. Pleu ral p ressu re 
decreases, balancing the increased elastic recoil 
of the lung. Pulmonary vascular resistance is 
lowest at FRC. Because of airway resistance, 
p roximal airw ay p ressu re w ill alw ays be 
greater than alveolar pressure during inspira-
tion when flow is present. (5:470; 6:2084)

90.  (E) Propofol is a potent metabolic suppressant. 
Since flow-metabolism coupling is maintained, 
there is a significant reduction in cerebral 
blood flow, blood volume, and  ICP. Propofol, 
as do most anesthetic agents, increases the 
latency of SSEP’s. (5:688-92, 875)

91.  (A) H eparin increases the activity of anti-
thrombin III that neu tralizes the activated  
forms of factors II, IX, X, XI, XII, and  XIII and  
of kallikrein. The effect of heparin is estimated  
by the activated  partial thromboplastin time. It 
may be given subcutaneously and  it may be 
given while waiting for the effect of an oral 
anticoagulant to occur. (1:853-5)

92.  (C) Most hemolytic transfusion reactions are 
caused  by clerical errors in  w hich ABO-
incompatible red  cells are transfused . Many of 
the common signs of a hemolytic transfusion 
reaction (fever, chills, chest pain) may be 
masked  by general anesthesia, and  hemoglo-
binuria and  coagulopathy are the signs most 

likely to be noted . The severity of the reaction 
is d irectly related to the volume of transfused  
cells, so immediate discontinuation of the trans-
fusion is mandatory if a hemolytic reaction is 
suspected. Only a small percentage of hemo-
lytic transfusion reactions are caused by the fail-
ure to detect incompatibility during serologic 
testing. Shock-induced  renal failure and  d is-
seminated  intravascular coagulation convey 
most of the morbidity and mortality. (5:1441)

93.  (A) The tetralogy of Fallot includes a VSD, pul-
monary outflow obstruction, overrid ing of the 
aorta, and  right ventricular hypertrophy. An 
ASD is not part of the complex. (6:1926-7)

94.  (C) The oxygen pressure at the wall connector 
is about 50 psi. The pressure in fu ll E cylinders 
containing oxygen or nitrous oxide is abou t 
1900 psi or 750 psi, respectively. (5:619)

95.  (B) The patient described  in this vignette most 
likely suffers from the consequences of chronic 
cocaine abuse. Cocaine causes the release of 
catecholamines and  prevents their reuptake, 
thus raising the risk for hypertension, myocar-
d ial ischemia, and  card iomyopathy, as well as 
aortic d issection among many other complica-
tions. Exogenously ad m inistered  catechol-
amines given intraoperatively can have an 
exaggerated  effect. β -ad renergic antagonists 
are given for cocaine-induced  arrhythmias, 
how ever in the acu tely intoxicated  patient, 
combined  α-, and  β -blockade with labetalol 
may be preferable to selective β -blockade, so 
as to avoid  unopposed  α-effects. There is no 
reason to withhold  opioids for analgesia, or 
benzodiazepines for sedation. Ephedrine is an 
indirect vasoconstrictor, enhancing release of 
norepinephrine from sympathetic neurons. It 
m ay be ineffective in  treating hyp otension 
in  the cocaine abuser due to catecholamine 
depletion; phenylephrine however will remain 
effective. (1:300; 5:324-5)

96.  (D) The Bernoulli theorem may be used to esti-
mate the pressure grad ient across a stenotic 
valve:

Δ  −P = 4(V  V2
2

1
2 )
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where ∆P is the pressure gradient, and  V1 and  
V2 are the blood  flow velocities on either side 
of the stenotic valve. (5:432)

97.  (A) Exposure to tobacco either d irectly or 
throu gh second -hand  sm oke increases the 
risk of many perioperative complications. 
Pharmacologic interventions to assist in smok-
ing cessation such as varenicline and  bupro-
pion should  be started  one to two weeks before 
a quit attempt but nicotine replacement ther-
apy is effective immediately. (5:66-7)

98.  (D) The oxygen concentration in the blood is 
determined  by the concentration in the alveoli, 
the efficiency of the lungs, and  oxygen con-
sumption. Decreasing shunting by using PEEP 
or reverse Trendelenburg positioning in the 
obese can reduce alveolar to arterial oxygen 
tension d ifference. Calcium channel blockers 
may decrease hypoxic vasoconstriction and  
thus increase shunting. (5:312, 969)

99.  (A) Ketamine can lead  to an increase in CBF by 
virtue of increasing CRMO2. At levels below 
1.5 MAC, the net effect of halogenated  hydro-
carbons is a decrease in cerebral blood flow. All 
other agents decrease CBF. (5:873-4)

100.  (C) Pulse pressure variability is a function of 
the maximum and minimum values for pulse 
pressure during a positive pressure breath. The 
higher the value, the greater the degree of 
hypovolemia, and  the greater the expected  
response to administered  fluid . (5:425)

101.  (E) Benzocaine is a local anesthetic commonly 
used  as a topical analgesic, or in cough drops. 
Benzocaine is the ethyl ester of p-aminobenzoic 
acid  (PABA); it can be prepared  from PABA 
and ethanol. It is a common cause of methemo-
globinemia. It is available only as a top ical 
preparation. (5:782)

102.  (D) Acromegaly is due to the hypersecretion of 
growth hormone. Hypertrophy of skeletal and  
connective tissue, especially of the face and  
head , may make intubation d ifficult. Diabetes 
mellitus and  hypertension are also common. 
The p itu itary adenomas usually responsible 

for acromegaly generally do not secrete TSH or 
cause hyperthyroid ism. (5:159)

103.  (C) Calcium channel antagonists shou ld  not 
be stopped  in the preoperative period  because 
of the possibility of w orsening ischemia or 
hypertension. In patients undergoing inhala-
tional anesthesia, they p rolong atrioventri-
cu lar cond u ction  tim e, w hile in  p atien ts 
und ergoing a h igh d ose op ioid  anesthetic, 
they have little effect on  card iac ou tpu t. 
Calciu m  channel blockers also p oten tiate 
neu romuscu lar blocking agents. Unlike the 
β -blockers, effect sites and  m echanism s of 
action vary, and  they cannot be used  inter-
changeably. (5:754-7)

104.  (C) The hyoid  bone suspends the thyroid  car-
tilage by the thyrohyoid  membrane, at the 
level of C4. The Adams’s apple is on the thy-
roid  cartilage. The cricothyroid  membrane at 
the level of C6 is an easily accessible, relatively 
avascular structure for cricothyrotomy or injec-
tion of local anesthetics for fiberoptic intuba-
tion. To each side of the larynx and  inferior to 
the aryepiglottic folds is the p iriform sinus. 
The endotracheal tube should  be placed  in the 
trachea, w hile the tip  of the laryngoscope 
should  be placed  in the glossoepiglottic reflec-
tion. (5:548, 563)

105.  (C) The irrigating flu ids should  be nonhemo-
lytic and  isosmolar. The composition should  
not be close to water, since water is hyposmotic. 
Electrolyte solu tions shou ld  not be u sed  
because they conduct electricity and  therefore 
interfere with the electrocautery. (5:1140)

106.  (D) Increased  dead  space ventilation impedes 
CO2 elimination. Exhausted  soda lime is not 
capable of removing all CO2 from the respira-
tory circuit. A pulmonary embolus or increased  
VD/ VT will cause end-tidal CO2 to fall while 
causing hypercarbia. The earliest signs of MH 
are hypercarbia, sinus tachycardia, and  mas-
seter muscle rigid ity. Hyperventilation causes 
hypocarbia. (5:460, 640, 1491)

107.  (B) Naloxone may reverse the effects of opioid  
agonists such as fentanyl and  bu torphanol, 
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and  flumazenil may reverse the effects of a 
benzodiazepine such as midazolam. There is 
no specific antagonist for the hypnotic effects 
of propofol, thiopental, or etomidate. The only 
specific antagonist for steroidal muscle relax-
ants is sugammadex, a γ -cyclodextrin com-
pound  that encapsu lates rocu ronium and 
vecuronium, thus removing the drug from the 
neuromuscular junction. As of the end  of 2012, 
it is not approved  for use in the U.S. (1:1059;
5:507)

108.  (C) This patient has the typical list of problems. 
A mainstay of therapy is to limit the mismatch 
of myocard ial oxygen supply and  demand by 
lowering the pressure, temperature, and  heart 
rate. Administration of oxygen will increase 
the supply. (5:902-3)

109.  (D) A cyclic-GMP phosphodiesterase inhibitor 
has a positive inotropic effect and would  lower 
systemic vascular resistance. It would  only be 
used  in a patient with a low flow state due to 
low card iac index or card iogenic shock. A bal-
loon pump is expected  to reduce myocard ial 
demand  and  improve supply. As a coronary 
thrombosis has probably occurred , fibrinolyt-
ics (not antifibrinolytics) and  anticoagulants 
may help. (5:97, 2015-20)

110.  (C) Inability to void  is not always a contraindi-
cation to d ischarge to home, but since inguinal 
hernia repair has a high incidence of urinary 
retention, such patients should  void  before d is-
charge. H is heart rate, blood  pressure, and  
oxygen saturation are within reasonable limits. 
It is not unusual for a person who has just 
undergone hernia repair to require assistance 
with ambulation. (5:1278-84)

111.  (C) Pulse oximeters use dual-wavelength spec-
troscopy to m easu re the concentrations of 
oxyhemoglobin and  deoxyhemoglobin. The 
presence of a significant concentration of met-
hemoglobin introduces substantial error into 
the measurement. Interestingly, high concen-
trations of fetal or sickle hemoglobin or of bili-
rubin do not adversely affect the accuracy of 
the measurement. (5:462)

112.  (D) An alarm of the line isolation monitor most 
commonly immediately follows the connection 
of a faulty electrical device. Disconnecting that 
device from the circuit is the initial step and  
most likely will resolve the alarm condition. 
(5:376-8)

113.  (D) The meter on the line isolation monitor d is-
plays the maximum potential current that could  
flow through the patient if another fault were 
to occur. Since the likelihood of such an occur-
rence is rare in the short term, the operation 
should  proceed . Of course the reason for the 
fau lt cond ition should  be investigated  more 
thoroughly after the operation is completed . 
(5:376-8)

114.  (E) The presenting symptoms of LAST are iso-
lated  CNS symptoms in about 45% of cases, 
combined  CNS and  CV symptoms in about 
44%, and  isolated  CV symptoms in 11% of 
cases; the latter occur by interference with 
sodium conductance. The cardiac toxicity with 
bupivacaine is of longer duration as compared  
to other local anesthetics and  therefore harder 
to treat. Rapid  recognition and immediate sup-
portive care as described  in E are paramount. 
In some instances, infusion of lipid  emulsion 
may be beneficial by virtue of neutralizing cir-
cu lating local anesthetic d rug. It shou ld  be 
administered  as a bolus, followed  by continu-
ous infusion. In cases of LAST, propofol should  
be avoided  in patients with hypotension, as 
should  vasopressin, β -blockers, calcium chan-
nel blockers, and  local anesthetics. CNS symp-
toms such as seizure activity should  be treated  
with injectable benzod iazepines. (1:565, 571; 
5:777-80)

115.  (D) The principal d isadvantages of methohex-
ital are pain on injection and  involuntary 
muscle movements. The pH of the solution is 
high and  it is water-soluble. Propofol has car-
d iodepressant effects far greater than those 
associated  with administration of barbiturates. 
Because it lowers the seizure threshold , metho-
hexital is a good  choice for anesthesia in 
patients undergoing electroconvulsive therapy. 
(1:535-7; 5:693-6)
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116.  (B) Carbon d ioxide is inversely proportional to 
ventilation, i.e., the higher the ventilation, the 
lower the CO2. CO2 will equilibrate with bicar-
bonate, acting as an acid . Reducing ventila-
tion leads to respiratory acidosis, increasing 
ventilation lead s to resp iratory alkalosis. 
Ventilation will increase in response to endog-
enous or exogenous CO2. (5:461)

117.  (E) Fat emboli cause mechanical blockage, and  
then endothelial damage from free fatty acid  
breakd ow n p roducts. The pu lmonary and  
cerebral vascular beds can be involved . The 
ECG may show right-axis deviation or right 
bundle branch block. (5:1203)

118.  (C) Porphyrias are a group of rare inherited  
d isorders in w hich a specific enzyme defi-
ciency leads to errors in the biosynthesis of 
heme. Drugs that induce cytochrome enzyme 
p roduction may cause an acu te porphyric 
attack and  should  be avoided . These include 
etomidate and  thiopental. (5:141-2, 695)

119.  (A) The patient w ith myasthenia gravis has 
weakness in the muscles innervated  by cranial 
nerves and often experiences ophthalmoplegia 
and  ptosis. Although the accessory muscles of 
respiration may also be weak, d iaphragmatic 
weakness is uncommon. These patients are up 
to 100 times more sensitive to nondepolarizing 
muscle relaxants as compared  to unaffected  
individuals, and  resistant to the effects of suc-
cinylcholine. Myasthenia gravis is exclusively 
a motor d isease. The myasthenic synd rome 
(Eaton-Lambert-syndrome), an acquired  auto-
immune d isorder of the neuromuscular junc-
tion, is often associated  w ith carcinom as. 
(5:142-3)

120.  (C) The two vertebral arteries join to form the 
basilar artery. This unpaired  mid line structure 
gives rise to many branches and  perforating 
arteries that supply the brain stem and  the cer-
ebellum. Transient ischemic attacks or strokes 
of the basilar arterial system result in uncon-
sciousness from loss of reticu lar activating 
system function. In addition, motor function 
can be lost from ischemia of the cerebral pyramids 

that contain long motor tracts to the brain stem 
nuclei and  spinal cord . (5:872; 6:3286-7)

121.  (E) Packed red  cells are mixed with an additive 
nu trient containing add itional glucose and  
adenine in order to extend  the storage period  
to 42 days. (5:1439)

122.  (E) FEV1 decreases w ith increasing age, in 
smokers even more than in non-smokers. A 
patient’s risk for PONV is increased  in non-
smokers. (5:113, 133, 1255)

123.  (B) Only the S-isomer of ropivacaine is present 
in solutions for clinical use, in contrast to other 
optically active local anesthetics that are sup-
plied  as racemic mixtures. The S-form appears 
to be less toxic, more potent, and  longer acting 
that the R form , or the racemic m ixtu re. 
Ropivacaine is much less toxic than bupiva-
caine and produces motor blockade that is of 
shorter duration than sensory blockade. Like 
other amide local anesthetics, ropivacaine is 
metabolized  in the liver. (5:768, 772, 779, 781)

124.  (B) Sweating is an important temperature-reg-
u lating mechanism that cools the bod y. It 
occurs in response to sympathetic nervous 
system-med iated  stimu lation of the sw eat 
glands by cholinergic neurons and  can result 
from a number of physiological perturbations 
that increase sympathetic activity, includ ing 
hypoglycemia, emotional stress, and  increased  
body temperature from infection. (5:1506-8; 
6:165, 2883)

125.  (E) In the patient under general anesthesia, 
core temperatu re w ill tend  to d rift tow ard  
ambient temperature. It is important to take 
steps to both prevent heat loss and  to actively 
treat hypothermia. The problem is especially 
common during surgery involving open body 
cavities. Hypothalamic regulation and  mecha-
nisms to conserve and  generate heat are 
obtunded by general anesthesia. Skin tempera-
ture unreliably reflects core temperature under 
general anesthesia (5:1506-8)
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126.  (C) Regulation of body temperature is a com-
plex mechanism involving heat production by 
metabolism within muscles and  liver and  heat 
loss from skin and  lungs. The conduct of anes-
thesia d isrupts this system by vasodilation of 
the skin, p reventing shivering with muscle 
relaxants, and  general suppression of the 
hypothalamic function. (5:1506-8; 6:165, 2883)

127.  (A) Transthoracic pressure is the sum of trans-
pulmonary pressure and chest wall transmural 
pressure. Transpulmonary pressure is the gra-
d ient from alveoli to p leura, and  transmural 
pressure is the grad ient from pleura to ambi-
ent. Esophageal balloon pressure is a measure 
of p leural pressure. Pulmonary artery occlu-
sion pressure (or wedge pressure) is a measure 
of left atrial pressure. (5:470)

128.  (B) In the graph, the blood  level of d rug A 
decreases to nearly zero between doses. Drug 
B show s increasing levels over a period  of 
time, i.e., it accumulates. Drug B never reaches 
stead y state concentrations on this graph. 
(5:32-5)

129.  (D) The graph shows that drug B is not com-
p letely eliminated  before the next d ose is 
given. The relative size of the dose cannot be 
determined  from the d iagram, but each of the 
doses is the same size. The half-life of drug A 
is not long, and  its duration of action is shorter 
than B. (5: 32-5)

130.  (C) Resistance d ecreases w ith  insp iration 
because the airways d ilate. Parasympathetic 
stimulation, acetylcholine, and smoke constrict 
the airway. (5:470)

131.  (B) Mannitol is an osmotic d iu retic in the 
kidney that does not cross the blood  brain bar-
rier and  draws water out of brain tissue from 
which it is excluded . Rapid  administration can 
produce transient peripheral vasodilation and  
hypotension. It red uces mean corpuscu lar 
volume similar in mechanism to reducing 
brain volume but this has no effect on cerebral 
edema. There is no d iuretic effect in renal fail-
u re in which it is contraind icated . (5:880; 6:
340-50)

132.  (B) Patients with sickle cell d isease should  be 
treated  to p revent perioperative hypoxia, 
dehydration, acidosis, and  hypothermia, all of 
w hich can resu lt in a vasoocclusive crisis. 
General anesthesia per se does not overtly 
increase the risk of sickling. (5:206)

133.  (E) The typical time it takes for methimazole to 
render a patient euthyroid  is about 4-8 weeks. 
This patient would  probably still have tachy-
card ia. If a regional anesthetic is feasible, it 
might be safer for the inadequately treated  
hyperthyroid  patient. (5:151-2)

134.  (E) General anesthesia may be reversed  by 
increasing the ambient pressure, regard less of 
the agent used  to produce the anesthetic state. 
Some of the general anesthetics that are not 
gases at body temperature include halothane, 
isoflurane, and  thiopental. While the perturba-
tion of membrane lip id-protein interactions is 
an attractive hypothesis for general anesthetic 
action, most anesthetic agents have not been 
studied  in terms of this action. While isoflu-
rane, sevoflurane, and  halothane are broncho-
d ilators, nitrous oxid e has little effect on 
airway resistance, and  desflurane may cause 
bronchoconstriction. By irreversibly inhibiting 
methionine synthase, nitrous oxide inhibits 
many biochemical reactions, includ ing DNA 
synthesis. (5:588, 590-2, 598, 613)

135.  (B) The inotrope milrinone is a selective phos-
phodiesterase-3 inhibitor. It causes an increase 
in cyclic AMP and vasod ilatation, and  has no 
effect on β 1-receptors. Bosentan is an endothe-
lin-antagonist used in the treatment of primary 
pulmonary hypertension. Inhibition of Na,K-
ATPase is the principal effect of d igoxin. (1:801, 
805, 1059)

136.  (E) This curve is characteristic of obstructive 
lung d isease, with a higher residual volume 
and scooping of the expiratory limb from small 
airway closure. (5: 997; 6:2089)

137.  (B) This curve is characteristic of restrictive 
lung d isease, with smaller volumes and  well 
p reserved  flows relative to volume. (5: 997; 
6:2089)
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138.  (C) Thiopental is contraind icated  in patients 
with acute intermittent porphyria. The other 
porphyrias listed  as options are not associated  
with enzyme induction. (5:697)

139.  (A) Chemorecep tor stimulation leads to an 
increased  ventilatory effort. Cyanosis requires 
at least 5 g/ dL deoxyhemoglobin in the blood 
to be apparent. Severe hypoxemia can cause 
bradycard ia, in addition to a rapid  fall in blood 
pressure and  circulatory collapse. (5:249-51)

140.  (A) Dopamine is not selective for any single 
ad renergic recep tor; rather, the net effect of 
dopamine is dose-dependent. Dopaminergic 
receptors are activated  by the lowest doses, 
w hile β -ad renergic, and  then α-ad renergic, 
receptors are activated  as the dose is increased. 
Dopamine in high doses is a poor choice for 
the patient w ith primary card iac contractile 
dysfunction because of predominant vasocon-
striction, increased  afterload , and  resu lting 
w orsening of left ventricu lar performance. 
(1:804)

141.  (E) Ketamine has sympathomimetic activity 
that can reverse bronchospasm . Atrop ine 
causes bronchod ilatation by its muscarinic 
antagonism, blocking the action of the vagus 
on bronchial smooth muscle. All potent inhala-
tion agents block the bronchial response to 
mediators of bronchoconstriction, although in 
spontaneously ventilating patients, the respi-
ratory depression will cause lower lung vol-
umes. Therefore ventilation will occur at a less 
compliant range of the pressure–volume curve. 
Thiopental has no significant effect on bron-
chial tone. (5:309, 612, 699, 977)

142.  (A) Trad itionally supraclavicular blocks car-
ried  a relatively high risk of a pneumothorax, 
given the proximity of the lung to the brachial 
p lexus. This risk has been reported  to be as 
high as 5% in some studies. Hemidiaphragmatic 
paresis w ould  be a less likely cause in an 
18-year-old  athlete with no prior pulmonary 
pathology. (5:833)

143.  (E) Interscalene blocks have trad itionally car-
ried  a 100% incidence of hemidiaphragmatic 
paresis from phrenic nerve blockade. Phrenic 
nerve blockade may reduce one’s vital capacity 
by 40%. Depend ing on the severity of lung 
d isease, patients with COPD may experience 
profound shortness of breath after an intersca-
lene block. (5:833)

144.  (B) The nipple line correlates to 4th thoracic 
dermatome (T4). (4:198)

145.  (E) Bladder sensation is conducted  by sympa-
thetic afferent fibers of the hypogastric plexus 
that originate from T11-L2. Therefore a T10 
sensory level is required  to avoid  the sensation 
resulting from bladder d istension from irriga-
tion flu id . The umbilicus correlates to a T10 
level block. (4:198; 5:1141)

146.  (F) Post-infarction VSD requires prompt sur-
gery but can be stabilized  with the aid  of a 
balloon pump. The IABP supports d iastolic 
perfusion pressure and  reduces afterload . The 
latter action reduces the left-to-right shunt. 
(6:2235-6)

147.  (H) Remote rheumatic fever can result in mitral 
stenosis. Antibiotic therapy of strep tococcal 
infections has reduced  the incidence. (6:2752)

148.  (I) Spontaneous pneumothorax of id iopathic 
etiology rarely causes tension pneumothorax. 
(5:979-80)

149.  (E) An arterial anastomosis suture line may be 
bleeding. A ligated  branch of a vein graft may 
have opened . Sudden shock after card iac sur-
gery can prompt emergency opening of the 
chest. In event of tamponade, opening the 
chest may rap id ly improve hemodynamics 
until control of bleeding is achieved . (5:457-8)

150.  (B) Left heart failu re before transplantation 
tends to increase pulmonary vascular resis-
tance. A healthy transplanted  heart may suffer 
right-sided  failure in initially coping with the 
chronically insulted  lung. (5:1083-4)
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CHAPTER 11

Pharmacology
Ques tions

DIRECTIONS (Questions 1-63): Each of the num-
bered  items or incomplete statements in this section 
is followed by answers or by completions of the 
statement. Select the ONE lettered  answer or com-
pletion that is BEST in each case.

1. A child  is brought to the emergency depart-
ment for evaluation of his d isoriented  state. 
This began shortly after he ate some berries in 
the garden. He is noted  to be very w arm, 
flushed , and  to have d ilated  pupils. The most 
appropriate action includes administration of

(A)  atropine
(B)  aspirin
(C)  d iphenhydramine
(D)  physostigmine
(E)  phenylephrine

2. Fluoxetine is used  for the treatment of

(A)  influenza
(B)  major depressive d isorder
(C)  Graves d isease
(D)  Parkinson d isease
(E)  Hodgkin d isease

3. A 52-kg patient und ergoes anesthesia for 
removal of a bronchial carcinoma. His anesthe-
sia consists of propofol, isoflurane, and  N 2O/
O2, in addition to 50 mg of rocuronium after 
intubation. At the end  of the procedure 3 h 
later, only one w eak tw itch is palpable on 
train-of-fou r stim u lation, and  the patient 
remains apneic. The most likely explanation 
for apnea in this patient is

(A)  rocuronium overdose
(B)  delayed  pulmonary elimination of 

nitrous oxide after lung surgery
(C)  impaired  release of acetylcholine from 

the nerve terminal
(D)  hypoxic pulmonary vasoconstriction
(E)  respiratory depression from residual 

effects of propofol

4. Dobutamine

(A)  is primarily an α-adrenoceptor agonist
(B)  has primarily β 1-adrenoceptor effects
(C)  causes decreased renal blood flow
(D)  is associated  with severe increases in 

heart rate
(E)  is a naturally occurring catecholamine

5. A patient is scheduled for an elective cardiover-
sion. A single intravenous injection of a short-
acting agent is planned . Which one of the 
following agents is most likely to cause vomiting 
after the procedure when used in this patient?

(A)  Ketamine
(B)  Thiopental
(C)  Etomidate
(D)  Methohexital
(E)  Propofol

6. Esmolol is inactivated  by

(A)  monoamine oxidase
(B)  catechol O-methyltransferase
(C)  erythrocyte esterase
(D)  plasma pseudocholinesterase
(E)  acetylcholinesterase
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7. An 18-year-old patient with a history of asthma 
is brought to the operating room for emergent 
laparoscop ic append ectomy for perforated  
append ix. Shortly after induction of general 
endotracheal anesthesia, the patient experi-
ences severe bronchospasm. Which one of the 
following d rugs, administered  as monother-
apy with a pressurized  metered-dose inhaler 
via a spacer chamber through the ventilator 
circuit, is most likely to result in bronchodila-
tion in the acute setting?

(A)  Ipratropium bromide
(B)  Albuterol
(C)  Theophylline
(D)  Terbutaline
(E)  Salmeterol

8. A 55-year-old  woman scheduled  to undergo 
carotid  end arterectomy has been smoking 
heavily for over 40 years and  wishes to quit. 
Which one of the following medications is best 
at alleviating the symptoms of nicotine with-
drawal?

(A)  Buspirone
(B)  Alprazolam
(C)  Bupropion
(D)  Zolpidem
(E)  Citalopram

9. Botulinum toxin interferes with neuromuscu-
lar transmission by

(A)  preventing synthesis of acetylcholine
(B)  preventing breakdown of acetylcholine
(C)  preventing storage of acetylcholine
(D)  preventing release of acetylcholine
(E)  blocking receptors for acetylcholine

10. A 62-year-old  male w ith a history of d iabetes 
mellitus, hypertension, and  coronary artery 
disease is admitted to the hospital for unstable 

angina. He was recently d iagnosed  with hep-
arin-induced  thrombocytopenia type II and  is 
now  sched u led  to und ergo off-pum p coro-
nary artery bypass grafting for severe three-
vessel coronary artery d isease. A su itable 
agen t for  in traop erative an ticoagu lation 
would  be

(A)  heparin
(B)  warfarin
(C)  argatroban
(D)  fondaparinux
(E)  clopidogrel

DIRECTIONS: Use the following scenario to answer 
Questions 11-12: A 61-year-old  male with a past 
medical history of d iverticulosis is admitted  to the 
intensive care unit after undergoing an emergent 
laparotomy with sigmoid  colectomy and creation of 
Hartman’s pouch for perforated  d iverticu litis. 
Accord ing to the surgeon, there was frank contami-
nation of the peritoneal cavity. Despite broad-spec-
trum antibiotic coverage, the patient develops 
symptoms consistent with septic shock on the first 
postoperative day.

11. Desp ite aggressive flu id  resuscitation and  
blood pressure support with norepinephrine, 
the patient remains hypotensive. A 2-D echo-
card iogram is obtained  that shows no w all 
motion abnormalities, a hyperd ynamic left 
ven tr icle, and  a calcu lated  card iac ind ex of 
4.8 L/ min/ m 2. Which one of the follow ing 
agents would  be most useful in addition to the 
norep inephrine for the treatm ent of this 
patient’s hypotension?

(A)  Milrinone
(B)  Ephedrine
(C)  Phenylephrine
(D)  Dobutamine
(E)  Vasopressin
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12. On the second postoperative day, the patient 
continues to requ ire high-dose vasopressor 
support w ith two med ications despite ade-
quate flu id  resuscitation. Low dose hydrocor-
tisone therapy is started . Which one of the 
following statements is true?

(A)  In patients with septic shock, add ition 
of low dose glucocorticoids may 
enhance the vascu lar reactivity to 
vasoactive substances.

(B)  Glucocorticoids in the setting of septic 
shock will enhance the bactericidal 
effect of broad-spectrum antibiotics.

(C)  Addition of glucocorticoids to the thera-
peutic regimen will improve glycemic 
control.

(D)  The major action of hydrocortisone in 
this setting is sodium retention with 
subsequent im provem ent of volume 
status.

(E)  Administration of glucocorticoids will 
most likely cause leukopenia in this 
patient.

13. A 51-year-old  female with an anxiety d isorder 
is admitted  for elective surgery. Because the 
patient is extremely nervous, lorazepam is 
given IV in  repeat, subhypnotic d oses to 
manage her anxiety. Which one of the follow-
ing statements is most accurate?

(A)  The patient’s motor function is likely to 
be more impaired  than her cognitive 
function.

(B)  Lorazepam is more rapid  in onset as 
compared  to midazolam.

(C)  The patient may experience extrapyra-
midal side effects.

(D)  To achieve anxiolysis, highly sedating 
doses of the drug have to be adminis-
tered .

(E)  Administration of lorazepam will cause 
retrograde amnesia.

14. Milrinone

(A)  is a catecholamine used  for treatment of 
congestive heart failure

(B)  is an antiarrhythmic drug
(C)  causes peripheral vasodilation
(D)  inhibits Na+ ,K+ -ATPase
(E)  has a longer elimination half-life than 

inamrinone

15. A patient who is taking lithium for treatment 
of bipolar disorder is scheduled to have general 
anesthesia. The lithium

(A)  need  not be considered  in the anesthetic 
regimen

(B)  may affect both depolarizing and  non-
depolarizing muscle relaxants

(C)  decreases the duration of nondepolarizing 
muscle relaxants

(D)  should  be stopped  2 weeks before 
surgery

(E)  may increase anesthetic requirements

16. A d rug that is associated  w ith pu lmonary 
toxicity is

(A)  doxorubicin
(B)  bleomycin
(C)  vincristine
(D)  methotrexate
(E) l-asparaginase

17. A 48-year-old  woman takes a tricyclic antide-
pressant for depression. This patient

(A)  may have an increased  number of 
arrhythmias

(B)  should have halothane and pancuronium 
as d rugs of choice

(C)  should  be cautioned  to stop the medica-
tion before surgery

(D)  may become hypotensive with ketamine
(E)  may have short emergence with 

thiopental
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18. A 66-year-old  male with a history of d iabetes 
mellitus, hypertension, and  coronary artery 
d isease is to undergo urgent su rgery for an 
expanding 6.4 cm infrarenal abdominal aortic 
aneurysm. He had  a myocard ial infarction 
twelve months ago at which time he under-
went percutaneous coronary angioplasty with 
p lacement of d rug-elu ting stents to the left 
anterior descending and  right coronary arter-
ies. Current medications include clopidogrel 
and  asp irin that were started  after the stent 
placement. With respect to the combination of 
these two drugs and  the intraoperative risk of 
bleeding, it is true that

(A)  both d rugs exert their antiplatelet effect 
through the same mechanism

(B)  clopidogrel does not add  significantly to 
the risk of bleeding posed  by aspirin

(C)  if these drugs were stopped one day 
prior to surgery, the risk of bleeding 
would  be minimized

(D)  both d rugs can be antagonized
(E)  clopidogrel should  be d iscontinued  5-10 

days prior to surgery in elective cases 
were surgical hemostasis is needed

19. Gabapentin

(A)  is approved  for the monotherapy of 
partial seizures

(B)  is a benzodiazepine
(C)  is metabolized  by the liver
(D)  is useful for the treatment of migraine, 

chronic pain, and  bipolar d isorder
(E)  increases the plasma concentrations of 

carbamazepine and  phenobarbital when 
used  concomitantly

20. A heroin addict injects six bags of heroin per 
day. After being involved  in a motorcycle acci-
dent resulting in a fracture of the tibia, he is 
brought to the emergency department. Which 
one of the following analgesics is most likely 
to be effective and  least likely to precipitate an 
acute withdrawal syndrome or cause signifi-
cant toxicity?

(A)  Meperid ine
(B)  Nalbuphine

(C)  Buprenorphine
(D)  Butorphanol
(E)  Fentanyl

21. Which one of the following is a β-adrenoceptor 
antagonist?

(A)  Isoproterenol
(B)  Dobutamine
(C)  Nadolol
(D)  Albuterol
(E)  Ritodrine

22. A 76-year-old  male is undergoing CABG for 
severe three vessel coronary artery d isease 
under card iopu lmonary bypass (CPB) with 
fu ll an ticoagu lation  w ith  heparin . After 
uncomplicated  w eaning from CPB, the sur-
geon requests reversal of the anticoagu lant 
with protamine. Shortly after administration of 
a ratio of 1 mg intravenous protamine to 1 mg 
heparin, the patient develops sudden onset of 
hemodynamic instability. Which one of the 
following statements regard ing protamine is 
most accurate?

(A)  Anaphylactic reactions occur in about 
10% of d iabetic patients on protamine-
con tain ing insu lin  (N PH  in su lin ) 
w ho are administered  intravenous 
protamine.

(B)  Anaphylactic protamine reaction in the 
general population consisting of pulmo-
nary hypertension, right ventricular 
dysfunction, and  systemic hypotension 
is rare.

(C)  The patient described  in this vignette 
received  a protamine overdose.

(D)  Protamine is equally effective in revers-
ing the anticoagulant activity of low 
molecular weight heparin as compared  
to unfractionated  heparin.

(E)  Protamine can be used  as a specific anti-
dote for fondaparinux.

23. Dantrolene

(A)  has a half-life of about 36 h
(B)  reduces concentrations of intracellu lar 

calcium
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(C)  causes marked  card iac depression
(D)  in the setting of malignant hyperthermia 

is dosed  at 1 mg/ kg initial bolus
(E)  causes nephrotoxicity

24. A 76-year-old  patient with a history of NYHA 
stage IV heart failure is admitted  to the inten-
sive care unit for the treatment of acute, decom-
p ensated  heart failu re. The p atien t is 
hypotensive, tachycard ic, and  in resp iratory 
d istress with increased  work of breathing as 
w ell as hypoxemia d ocumented  on ABG. 
Which one of the following is the most appro-
priate therapeutic agent?

(A)  Losartan
(B)  Fenoldopam
(C)  Minoxid il
(D)  Nicard ipine
(E)  Nesiritide

25. Nifedipine

(A)  may cause tachycardia as a compensatory 
effect

(B)  exerts its therapeutic effect by slowing 
AV-node conduction

(C)  achieves maximum plasma concentra-
tion more quickly when administered  
sublingual, as opposed  to the oral route

(D)  is a coronary vasoconstrictor
(E)  has positive inotropic effects

26. Doxorubicin may produce a card iomyopathy 
that

(A)  is present only during therapy
(B)  is independent of the dose administered
(C)  is not affected  by rad iation therapy
(D)  can be evaluated  with echocard iography

27. A homeless person buys an inexpensive quart 
of denatured  alcohol (90% ethanol, 10% meth-
anol) at a hard w are store. H e m ixes a p int of 
denatured  alcohol with a half-gallon of orange 
juice and  drinks the mixture over a period  of 
an hour. A short while later, he is found uncon-
scious and brought to the emergency department 

of a nearby hospital. All of the following state-
ments about this patient are true EXCEPT

(A)  he is likely to have been d runk prior to 
d rinking the denatured  alcohol because 
he d id  not recognize the abnormal taste 
of the methanol present in it

(B)  he is likely to have a severe metabolic 
acidosis due to the effects of a metabolite 
of one of the alcohols he ingested

(C)  he is likely to be blind  due to the effects 
of a metabolite of one of the alcohols he 
ingested

(D)  his decreased  level of consciousness is 
likely due to the d irect effects of one of 
the alcohols he ingested

(E)  he is likely to benefit from hemodialysis

28. Tachyphylaxis

(A)  can occur with administration of 
phenylephrine

(B)  describes the rapid ly decreasing 
effectiveness of certain drugs with 
repeat administration

(C)  occurs with continuous administration 
of norepinephrine

(D)  is also known as “ceiling effect’’
(E)  can occur due to induction of enzyme 

systems

29. A mechanism that accurately describes the 
effect of a d rug used  to produce deliberate 
hypotension is

(A)  sodium nitroprusside only d ilates 
resistance vessels

(B)  nicard ipine causes coronary and  
peripheral vasodilatation

(C)  isoflurane causes decreased  card iac 
output and  peripheral vascular 
resistance

(D)  nitroglycerin primarily d ilates resistance 
vessels

(E)  esmolol will attain a decrease in blood  
pressure faster than a decrease in heart 
rate
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30. A patient with a history of type 1 d iabetes mel-
litus, coronary artery d isease, and  COPD is to 
receive β -blocker therapy as part of an antihy-
pertensive regimen. The most suitable agent 
for this ind ication is

(A)  propranolol
(B)  labetalol
(C)  atenolol
(D)  carvedilol
(E)  pindolol

31. Which one of the following agents used  as an 
ad junct in the therapy of chronic pain can 
cause rebound  hypertension after abrupt ces-
sation of therapy?

(A)  Topiramate
(B)  Clonid ine
(C)  Milnacipran
(D)  Carbamazepine
(E)  Gabapentin

32. Mannitol

(A)  is effective at decreasing ICP in the 
absence of blood-brain barrier integrity

(B)  is useful in the treatment of d ialysis 
d isequilibrium syndrome

(C)  is a weak acid
(D)  is almost completely reabsorbed  from 

the renal tubule
(E)  is effective at provid ing perioperative 

renal protection during high-risk uro-
logic procedures

33. Based on the neurotransmitter aberrations that 
are thought to be responsible for the symptoms 
of Parkinson disease, which one of the following 
drug types would  be therapeutic in a patient 
with Parkinson d isease?

(A)  Monoamine oxidase inhibitor
(B)  Phenothiazine
(C)  Butyrophenone
(D)  Serotonin antagonist
(E)  Serotonin reuptake inhibitor

34. The withdrawal syndrome in a person physi-
cally dependent on which one of the following 
drugs can be fatal?

(A)  Amphetamine
(B)  Phencyclid ine
(C)  Diazepam
(D)  Heroin
(E)  Eszopiclone

35. Fenoldopam

(A)  activates α- and  β -adrenoceptors
(B)  causes a dose related  decrease in renal 

blood flow and glomerular filtration 
rate

(C)  is effective in preventing rad iological 
contrast-induced  nephropathy

(D)  is a selective dopamine D1 receptor ago-
nist used  to treat severe hypertension

(E)  causes a dose-dependent increase in 
heart rate and  card iac contractility

36. Which one of the follow ing agents may be 
administered via the intravenous route to treat 
postpartum hemorrhage?

(A)  Oxytocin
(B)  Prostagland in F2α

(C)  Methylergonovine
(D)  Progesterone
(E)  Prostagland in E2

37. A 34-year-old  w om an has a h istory of 
prolonged paralysis after a short, elective oper-
ation, and  she was subsequently shown to be 
homozygous for the atypical form of the butyr-
ylcholinesterase gene. Her 4-year-old  son now 
needs anesthesia for bilateral myringotomy 
and  ear tube placement. What is the probabil-
ity that her son will have a prolonged response 
to succinylcholine?

(A)  25%
(B)  50%
(C)  100%
(D)  Cannot be calculated  without more 

information
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38. A 22-year-old  female college student is sched-
uled  for placement of a tunneled  IV catheter 
for total parenteral nutrition. She has a history 
of anorexia nervosa and  is severely malnour-
ished . It would  be reasonable to avoid  which 
one of the following medications in the periop-
erative period?

(A)  Cefazolin
(B)  Droperidol
(C)  Succinylcholine
(D)  Vancomycin
(E)  Sevoflurane

39. Each of the following characteristics applied  to 
an anesthesiologist might be suggestive, but 
not d iagnostic, of self-administration of intra-
venous opioids EXCEPT

(A)  wearing a long sleeve t-shirt underneath 
a scrub top

(B)  chronically showing up late for work
(C)  miosis in a dark room or mydriasis in a 

bright room
(D)  requesting more frequent breaks than 

other colleagues
(E)  avoid ing changing into scrubs in the 

locker room

40. A 44-year-old  woman with a significant history 
of prior postoperative nausea and  vomiting is 
given aprepitant preoperatively before a d iag-
nostic laparoscopy as part of a multid rug anti-
emetic regimen. Aprep itant interacts most 
strongly with which endogenous ligand?

(A) β -endorphin
(B)  Dynorphin A
(C)  Substance P
(D)  Proopiomelanocortin
(E)  Leu-enkephalin

41. A person whose ancestors came from which 
one of the following geographical areas is most 
likely to need  the lowest daily dose of warfarin 
to maintain a therapeutic value for INR?

(A)  Sub-Saharan Africa
(B)  China

(C)  Scandinavia
(D)  Southern Europe
(E)  Arabian peninsula

DIRECTIONS: Use the following table to answer 
Question 42:

Chemical clas s  prote in bound (%)

Diazepam  Weak base  98

Isopropanol  Nonionic     0

Aspirin  Weak acid  80

Pancuronium  Quate rnary amine  10

Phenobarbita l  Weak acid  50

42. The intravenous ad ministration of sod ium 
bicarbonate will increase the excretion rate of 
which one of the following drugs to the great-
est degree?

(A)  Diazepam
(B)  Isopropanol
(C)  Aspirin
(D)  Pancuronium
(E)  Phenobarbital

43. An anesthesiologist is deployed  in the desert 
of a Middle Eastern country. An artillery shell 
explodes in the midst of his base, and  an alarm 
is sound ed  because a nerve gas has been 
detected . He is not wearing protective gear 
and  should  therefore immediately inject him-
self with

(A)  d iazepam and atropine
(B)  physostigmine and  d iazepam
(C)  physostigmine and  pralidoxime
(D)  pralidoxime and  atropine
(E)  pralidoxime and  d iazepam

44. The benzodiazepine that is most appropriate 
as a bed time sedative due to its pharmacoki-
netic properties is

(A)  oxazepam
(B)  nordazepam
(C)  d iazepam
(D)  flurazepam
(E)  quazepam
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45. Stereospecific bind ing of an agonist to the 
µ -opioid  receptor produces all of the following 
effects EXCEPT

(A)  euphoria
(B)  cough suppression
(C)  sedation
(D)  constipation
(E)  analgesia

46. Cyclooxygenase (COX) is associated  with par-
ticipating in numerous physiological func-
tions. Which one of the following effects is 
primarily ascribable to COX-2 as opposed  to 
COX-1?

(A)  Platelet adhesiveness
(B)  Inflammation
(C)  Regulation of renal blood  flow
(D)  Pain perception
(E)  Protection of GI mucosa against acid  

damage

47. Metoprolol exerts its therapeutic effect via

(A) β 1-adrenoceptor agonism
(B) β 1-adrenoceptor antagonism
(C) β 2-adrenoceptor antagonism
(D) α2-adrenoceptor antagonism
(E) α1-adrenoceptor antagonism

48. Both d iazepam and buspirone

(A)  lower seizure threshold
(B)  cause sleepiness
(C)  decrease abnormal behaviors in obses-

sive-compulsive d isorder
(D)  d isplay cross-tolerance with ethanol
(E)  decrease anxiety

49. A patient has been recently d iagnosed  with 
bipolar d isorder. He is also on d ialysis due to 
renal failure resulting from untreated  ureteral 
reflux. His psychiatrist wishes to begin chronic 
therapy with a medication to prevent further 
manic episodes. Which one of the following is 
the BEST choice in this patient?

(A)  Lithium carbonate
(B)  Citalopram

(C)  Carbamazepine
(D)  Phenelzine
(E)  Bupropion

50. Which one of the following opioids is ineffec-
tive as an analgesic in a significant fraction of 
the popu lation d ue to a genetic polymor-
phism?

(A)  Codeine
(B)  Hydromorphone
(C)  Meperid ine
(D)  Methadone
(E)  Oxycodone

51. Soon after a patient is started  on haloperidol he 
begins complaining of feeling stiff and  having 
d ifficu lty in performing rap id , fine motor 
movements like typing at his computer key-
board . Which one of the following medications 
will MOST likely help these new-onset symp-
toms?

(A)  Fluoxetine
(B)  Diazepam
(C)  Aspirin
(D)  Benztropine
(E)  Lithium

52. Which one of the following characteristics of a 
substance make it less likely to be abused  by 
humans?

(A)  Tolerance develops to some of its effects.
(B)  It potentiates dopamine neural activity.
(C)  It is cheap and  easy to obtain.
(D)  It has a rapid  onset.
(E)  It has a long duration.

53. A 47-year-old  man with long-stand ing type I 
d iabetes mellitus has severe peripheral vascu-
lar d isease and  peripheral neuropathy. His feet 
are chronically cold  and blue and are extremely 
painful. In commencing therapy for his painful 
feet, the least appropriate med ication to try 
first is

(A)  oxcarbazepine
(B)  oxycodone
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(C)  gabapentin
(D)  amitrip tyline
(E)  carbamazepine

DIRECTIONS (Questions 54-59): Each group of 
items below consists of lettered  headings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  heading or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent may be selected  once, m ore than once, or not 
at all.

(A)  Agonists decrease the heart rate by 
inhibiting adenyl cyclase.

(B)  Agonists cause vasoconstriction in arte-
rioles by activating phospholipase C 
and  increasing the intracellu lar concen-
tration of calcium.

(C)  Agonists relax bronchial smooth muscle 
by activating guanylyl cyclase.

(D)  Agonists increase ganglionic transmis-
sion by activating phospholipase C and  
increasing the concentration of inositol 
triphosphate.

(E)  Agonists cause vasodilation by inhibit-
ing guanylyl cyclase.

(F)  Agonists cause vasodilation by increas-
ing endothelial nitric oxide synthase.

(G)  Agonists relax bronchial smooth muscle 
by activating adenyl cyclase.

(H)  Agonists inhibit transmission in sympa-
thetic neurons by inhibiting adenyl 
cyclase.

For each autonomic receptor, select the corresponding 
mechanism of action:

54. Muscarinic M1

55. Muscarinic M2

56. Muscarinic M3

57. Adrenergic α1A

58. Adrenergic α2A

59. Adrenergic β 2

DIRECTIONS (Questions 60-63): Each group of 
items below consists of lettered  headings followed  
by a list of numbered  phrases or statements. For 
each num bered  phrase or statem ent, select the 
ON E lettered  heading 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)  Increases numbers of ad ipocytes and  
increases uptake of fatty acids by 
ad ipocytes

(B)  Blocks voltage-dependent calcium 
channels decreasing intracellu lar 
calcium in pancreatic β  cells

(C)  Stimulates tyrosine kinase associated  
with insulin receptors in hepatic cells

(D)  Increases the activity of AMP-dependent 
protein kinase (AMPK) increasing fatty 
acid  oxidation in hepatocytes

(E)  Inhibits Na+ -K+ -ATPase thereby 
increasing intracellu lar potassium in 
ad ipocytes

(F)  Inhibits phosphodiesterase (PDE) 
thereby increasing insulin release from 
pancreatic β  cells

(G)  Agonist at the GLP-1 (glucagon-like 
peptide) receptor

(H)  Causes closure of KATP channels in pan-
creatic β  cells increasing insulin release

For each medication used  to treat d iabetes mellitus, 
select the corresponding mechanism of action:

60. Exenatide

61. Rosiglitazone

62. Metformin

63. Repaglinide
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1.  (D) The patient has all the symptoms of central 
anticholinergic syndrome that may follow the 
ingestion of jimson weed  that contains atro-
pine. The typical symptoms of “dry as a bone, 
blind  as a bat, red  as a beet, hot as a stove, and  
mad  as a hatter” are due to the central and  
peripheral antimuscarinic effects of atropine. 
Physostigmine can cross the blood–brain bar-
rier and  will counteract both the central and  
peripheral effects. (1:252)

2.  (B) Fluoxetine is an antidepressant used  to 
treat persons with major depressive, obsessive-
compulsive, and  anxiety d isorders. (1:405)

3.  (C) The patient may be exhibiting the Eaton–
Lambert syndrome, an acquired  autoimmune 
d isorder of the neuromuscular junction often 
associated  with carcinomas. These patients are 
hypersensitive to the effects of both depolar-
izing and  non-depolarizing muscle relaxants. 
Propofol should  not be a factor in the apnea 
after a time period  needed  to complete a tho-
racotomy, and  neither should  be the fact that 
the patient received  nitrous oxide. Hypoxic 
pu lmonary vasoconstriction is a pulmonary 
vascu lar mechanism aimed  at minimizing 
V/ Q mismatch. (5:143, 612)

4.  (B) Dobutamine is a synthetic catecholamine 
and  contains a chiral center. The preparation 
used in clinical practice contains a racemic mix-
tu re of (+ ) and  (–) enantiomers in equal 
amounts and the apparent effect of the combi-
nation of the two isomers is β 1-adrenoceptor 
stimulation. Dobutamine increases card iac 
ou tpu t and  contractility. At higher doses, 

α-adrenoceptor agonist effects may be seen. It 
causes increased renal blood flow. (1:290, 804-5)

5.  (C) Etomidate produces the highest incidence 
of postoperative vomiting after short proce-
dures, propofol the lowest. (5:697, 1255)

6.  (C) Catecholamines are inactivated  by MAO 
and COMT. Pseudocholinesterase inactivates 
succinylcholine and mivacurium, while acetyl-
cholinesterase inactivates acetylcholine. (1:187, 
200; 5:500-2)

7.  (B) Ipratropium bromide is an inhaled anticho-
linergic that causes bronchodilation. While anti-
cholinergics are effective in severe acute asthma, 
they are less effective than β2-adrenoceptor ago-
nists and are often part of a combination therapy 
regimen. While terbutaline is an effective bron-
chodilator, it is only marketed in oral and subcu-
taneous forms in the US. Salmeterol is a 
long-acting β2-adrenoceptor agonist with rela-
tively slow onset, thus it is less suitable for ther-
apy of the acute asthma attack. Theophylline is 
available in oral and parenteral preparations; 
how ever, it is less effective than nebu lized  
β 2-adrenoceptor agonists and does not increase 
their bronchodilator response. (1:291-3, 1043-5)

8.  (C) The antidepressant bupropion has efficacy 
in decreasing the symptoms of nicotine with-
d raw al and  improving abstinence rates in 
smokers wishing to quit. (1:407, 658)

9.  (D) Botu linum toxin lead s to paralysis by 
preventing the release of acetylcholine from 
nerve terminals. (1:186)

Answers  and Explana tions
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10.  (C) Use of heparin in a patient with heparin-
induced  thrombocytopenia type II can lead  to 
life threatening thrombotic complications and  
is therefore not ind icated . Warfarin is an oral 
anticoagulant. Fondaparinux is an activated  
factor X inhibitor approved  for prophylaxis, 
and  treatment of deep  vein thrombosis and  
pulmonary embolus, and  is administered  sub-
cu taneously. Clop idogrel is an inhibitor of 
ADP-induced  p latelet aggregation ind icated  
for the secondary prevention of stroke and  the 
reduction of card iac events after percutaneous 
coronary intervention. It is administered orally. 
Argatroban is a d irect thrombin inhibitor with 
a relatively short half-life of 1-2 h that can be 
continuously infused  during CABG surgery. 
Other suitable alternatives would  include lep-
irud in, bivalirud in, and  danaparoid . (1:855, 
870; 5:211-2, 900)

11.  (E) Arginine vasopressin (AVP) concentrations 
in patients with septic shock are inappropri-
ately low, and  w hen administered  exoge-
nously, vasopressin can increase systolic blood  
pressure in this patient population. The pro-
posed mechanism is twofold: first, endogenous 
AVP depletion may be the result of excessive 
baroreceptor-mediated  release from sustained  
hypotension, and  second , AVP appears to 
restore vascular sensitivity to norepinephrine. 
Another agent that could  be added  to restore 
blood pressure in septic shock is epinephrine 
instead  of vasopressin. Milrinone and  dobuta-
mine are not ind icated  because this patient has 
good  myocard ial contractility. Ephedrine is a 
m ixed -acting sym pathom im etic d ru g that 
ind irectly releases norep inephrine and  has 
some d irect effects on β 2-adrenoceptors. It is 
not ind icated  for  con tinu ou s in fu sion  in 
sh ock  states. Phenylep hr ine is a  selective 
α 1-adrenoceptor agonist and  does not provide 
additional benefit. (1:278, 708; 5:1321)

12.  (A) Administration of a low-dose glucocorti-
coid  to patients in septic shock has been shown 
to decrease the time to d iscontinuation of vaso-
pressor therapy in some clinical trials, and  is 
recommended  for patients with septic shock 

refractory to vasopressors and fluid  therapy by 
the Surviving Sepsis Campaign Guidelines. 
One of the major actions of glucocorticoids on 
the card iovascular system is to enhance the 
vascu lar reactivity to other vasoactive sub-
stances, for example norepinephrine or phen-
ylephrine. Glucocorticoids do not improve the 
bactericidal activity of broad-spectrum antibi-
otics, they will increase blood glucose concen-
trations, and  cause a leukocytosis due to 
increased release of polymorphonuclear leuko-
cytes from the bone marrow. Sodium retention 
is much more pronounced with administration 
of mineralocorticoids; glucocorticoids p lay a 
permissive role in the renal excretion of free 
water. (1:1224, 1231; 5:1321)

13.  (A) Lorazepam is a benzodiazepine and  there-
fore does not cause extrapyramidal effects as 
are seen with the phenothiazines. Midazolam 
is m ore rap id  in  onset than lorazepam . 
Benzod iazep ines usually p roduce a state of 
sedation accompanied  by decreased  anxiety 
and  anterograd e, not retrograd e, amnesia. 
They can reduce anxiety at doses that are not 
highly sedating. Cognition tends to be less 
affected  than motor performance, w hich is 
why most ind ividuals who receive benzodiaz-
epines underestimate their degree of impair-
ment. (1:465; 5:698)

14.  (C) Milrinone and  inamrinone are phosphodi-
esterase inh ibitors u sed  for the short-term 
p arenteral inotropic support in severe heart 
failu re. They exhibit their therapeutic effect 
through inhibiting the breakdow n of cyclic 
AMP and  have no antiarrhythmic activity. 
Because milrinone has a shorter half-life and  
fewer side effects, it is a better choice than 
inamrinone for this ind ication. (1:805)

15.  (B) Lithium may prolong the effect of both 
depolarizing and  nondepolarizing relaxants. It 
is not necessary to stop the d rug before induc-
tion, but it is necessary to consider the d rug 
when planning the anesthesia. In addition to 
the effect on relaxants, the drug may lead  to a 
reduction of anesthetic requirements. (1:267)
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16.  (B) Bleomycin is associated  with pulmonary 
fibrosis, sometimes long after the d rug has 
been stopped . Doxorubicin produces card iac 
toxicity. Vincristine is associated  with myelo-
suppression. Methotrexate toxicity is manifest 
as immunosuppression. l-asparaginase is asso-
ciated  with hepatic toxicity and  allergic reac-
tions. (1:1717-8)

17.  (A) Arrhythmias are common in the patient on 
a tricyclic antidepressant and the combination of 
halothane, pancuronium, and a tricyclic antide-
pressant has been reported to be associated with 
severe intraoperative arrhythmias. The drug 
should not be stopped prior to surgery, but the 
anesthesiologist must be aware of its interac-
tions with anesthetic agents. Ketamine and  
catecholamines may cause an exaggerated  
hypertensive response in these patients. (1:411)

18.  (E) Aspirin irreversibly blocks the production 
of thromboxane A2 in platelets, whereas clopi-
dogrel exerts its antiplatelet effect by blocking 
the p latelet ADP receptor. Because of their d is-
crete mechanisms, the effect of these drugs is 
add itive or even synergistic that results in a 
higher risk for excessive bleeding during sur-
gical p roced ures. There are no antagonists 
available for these med ications. Because of 
their long duration of action, stopp ing the 
d rugs one day prior to surgery w ould  not 
decrease the risk of bleeding. Current recom-
mendations are to stop clopidogrel 5-10 d  prior 
to surgery in elective cases where surgical 
hemostasis is need ed . Asp irin in vascu lar 
surgical patients should  be continued  through 
the perioperative period  (5:115)

19.  (D) Gabapentin is approved  for the treatment 
of partial seizures in adults when used in addi-
tion to other anticonvulsant d rugs. It is not 
metabolized  and  is excreted  unchanged  in the 
u rine. It is also used  for the treatment of 
migraine, chronic pain, and  bipolar d isorder 
and  concomitant use does not increase the 
p lasma concentrations of carbamazepine or 
phenobarbital. (1:599)

20.  (E) Of the medications listed , only fentanyl and  
meperid ine are fu ll agonists at the µ -opioid  

receptor. Because the patient is likely to have 
significant tolerance requiring a large dose of 
the agonist, meperid ine would  not be a good 
choice because it has an active metabolite that 
can cause CNS excitation resulting in seizures 
and  inhibition of serotonin reuptake that can 
cause serotonin syndrome. Nalbuphine and  
butorphanol have µ -opioid  antagonistic activ-
ity while buprenorphine is a µ -opioid  partial 
agonist; each of these three medications may 
p rod uce w ithd raw al if given to an  op ioid -
tolerant person. (5:715-6; 722-4)

21.  (C) Of the d rugs listed , only nad olol is 
a β -ad renocep tor antagonist. Isoproterenol is 
a β -adrenoceptor agonist and  dobutamine is a 
β 1-ad renoceptor agonist. Albuterol and  rito-
drine are β 2-adrenoceptor agonists. (5:752)

22.  (B) Protamine is a naturally occurring protein 
salt (from salmon semen). It causes anaphylac-
tic reactions in only about 1% of patients who 
have been sensitized  to protamine (e.g., NPH 
insulin), while true anaphylactic reaction in the 
general population as described  in option B is 
rare. Hypotension on administration is a fre-
quent sid e effect that can be mitigated  if 
injected  slowly and  into a peripheral vein. The 
patient in this vignette d id  not receive an over-
dose, as most protocols call for administration 
of protamine in slight excess of 1 mg per 1 mg 
(or 100 u nits) of hep arin  ad m inistered . 
Protamine only binds long heparin molecules, 
and  therefore on ly p artially reverses the 
effects of low molecular weight heparins, and  
has no effect on the very short molecules of 
fondaparinux. (1:858-9; 5:900)

23.  (B) Dantrolene decreases intracellu lar calcium 
and  causes generalized  muscle weakness. The 
half-life is abou t 9 h . H ep atotoxicity is 
com m on after p rolonged  therapy. Card iac 
toxicity is not usually seen. The initial dose of 
dantrolene in the setting of MH is 2.5 mg/ kg, 
id eally ad m inistered  in to a large vein . It 
shou ld  be administered  for at least 24 h after 
the MH episode until all signs of the hyper-
metabolic state are resolved  and  the concen-
tration  of creatin ine kinase is d ecreasing. 
(1:286, 626; 5:1499)
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24.  (E) The major site of action for the human 
recombinant brain natriuretic peptide (nesirit-
ide) is the inner medullary collecting duct 
(IMCD). It lead s to an increase in u rinary 
sodium excretion, decreases systemic and  pul-
monary resistances and  left ventricular filling 
pressure, and  results in a secondary increase in 
card iac output. Nesiritide decreases dyspnea 
in patients with decompensated  heart failure 
and  pulmonary edema. The other drugs listed  
will decrease blood pressure, without increas-
ing card iac contractility. (1:695-6, 5:746-8)

25.  (A) N ifed ip ine does not affect conduction 
through the AV-node at routine clinical doses 
and  is used  as a coronary vasodilator and  anti-
hypertensive. The drug has no positive inotro-
p ic effect. The arterial d ilatation caused  by 
nifed ipine may cause a reflex tachycard ia in 
some patients. Sublingual administration of 
the drug for control of acute hypertension has 
largely been  aband oned , and  su blingual 
administration will achieve target plasma con-
centrations no faster than oral administration. 
(1:756-60, 777)

26.  (D) The card iomyopathy seen with doxorubi-
cin may be seen long after the chemotherapy 
has been d iscontinued . This sid e effect is 
dependent on the cumulative dose of doxoru-
bicin and  may be evaluated  by echocard iogra-
phy. Patients w ho have received  rad iation 
therapy to the mediastinum may have a greater 
likelihood of this effect. (1:1714-5)

27.  (A) It is d ifficult to d ifferentiate methanol from 
ethanol by taste. Methanol is converted  to 
formic acid  that is particu larly toxic to the 
retina as well as being a major cause of the 
severe metabolic acidosis that occurs. Both 
methanol and  ethanol are readily removed by 
hemodialysis. (1:631-2)

28.  (B) Tachyphylaxis, or acute tolerance to a d rug 
that develops rapid ly, is seen with ephedrine 
because of depletion of norepinephrine stores. 
Tachyphylaxis also occurs due to desensitiza-
tion of recep tor systems because of repeat 

stimulation by agonists and  is not due to 
induction of enzyme systems. Repeated  or 
continuous administration of norepinephrine 
or phenylephrine does not reduce their effec-
tiveness. A ceiling effect occurs when a patient 
does not exhibit an increasing effect with an 
increasing dose; an example of a ceiling effect 
is the analgesia produced  by the opioid  partial 
agonist buprenorphine. (1:68)

29.  (B) Sod ium nitroprusside d ilatates both the 
resistance and  capacitance vessels, whereas 
nitroglycerin primarily d ilatates capacitance 
vessels. N icard ip ine is a calcium channel 
blocker that causes coronary and  peripheral 
vasod ilatation. Isoflurane in clinically mean-
ingful doses d ilates the peripheral vasculature 
w ithou t any significant effect on card iac 
output. The effects of esmolol on heart rate 
occur faster than those on blood  pressure. 
(1:543, 747-50, 757-8, 782-3; 5:753)

30.  (C) With the exception of atenolol, all agents 
listed  are non-selective β-adrenoceptor antago-
nists. This class of drugs has the potential to 
delay recovery from hypoglycemia in patients 
with type 1 d iabetes. Furthermore, there is a 
potential for life-threatening bronchoconstric-
tion with nonselective β -adrenoceptor block-
ade, and  selective agents such as atenolol are 
preferred . (1:315)

31.  (B) Rebound  hypertension can occur after 
abrupt cessation of β-adrenoceptor antagonists 
such as propranolol and  centrally acting anti-
hypertensives such as clonid ine. Mechanisms 
of action for top iramate, an anticonvulsant, 
include sodium channel blockade, potentiation 
of GABA-mediated  inhibition, and  a decrease 
in glu tamate neurotransmission. Milnacipran 
is a dual norepinephrine and  serotonin reup-
take inhibitor. Carbamazepine slows the recov-
ery rate of sod ium  channels. Gabapentin 
increases GABA release. All of these agents are 
used  as ad juncts in the therapy of chronic pain 
bu t as opposed  to clonid ine, do not cause 
potentially life-threatening hypertension upon 
acute cessation. (5:1555, 1557, 1560-1)
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32.  (B) Dialysis d isequilibrium syndrome is caused  
by too rapid  removal of solutes from the extra-
cellu lar flu id  by hemod ialysis resu lting in 
red u ct ion  of osm ola lity  of extr acellu la r 
flu id  and  associated  CNS symptoms (head-
ache, nausea, CNS depression, convulsions). 
Mannitol is filtered  by the glomerulus and  is 
negligibly reabsorbed . It is a nonelectrolyte 
that has almost no pharmacologic effects aside 
from its osmotic activity after intravenous 
injection. The d rug’s effectiveness at decreas-
ing elevated  ICP depends on preservation of 
the integrity of the blood-brain barrier in a sig-
nificant portion of the brain. There is no evi-
dence that administration of mannitol is of any 
benefit in surgical patients at high risk for renal 
damage. (1:681-2; 5:1146, 1374)

33.  (A) The basal ganglia are thought to contain 
inhibitory dopaminergic neurons and excitatory 
cholinergic neu rons. In  Parkinson d isease, 
there is a loss of dopaminergic neurons and  
relative excess in cholinergic neuronal activity. 
Dopamine agonists, acetylcholine antagonists, 
and monoamine oxidase inhibitors, by virtue of 
decreasing dopamine degradation and increas-
ing dopaminergic activity, are therapeu tic. 
Phenothiazines and butyrophenones have anti-
dopaminergic effects and should  be avoided in 
patients with Parkinson disease. Drugs affect-
ing serotonin transmission have little positive or 
negative effect on the disease. (5:149)

34.  (C) Withdrawal from barbiturates and  benzo-
d iazepines can resu lt in grand  mal seizures 
that may be fatal. Opioid  and  amphetamine 
withdrawal, while uncomfortable, are not con-
sidered  to be life-threatening. Eszopiclone is a 
non-benzod iazep ine sedative used  for the 
long-term treatment of insomnia and  sleep 
maintenance. Unlike the benzodiazepines, no 
signs of tolerance or serious withdrawal are 
associated  with its use. Phencyclid ine (PCP, 
“angel dust”) is a psychedelic agent that is 
used  intermittently by humans, therefore, tol-
erance and  withdrawal syndromes have not 
been observed . (1:411, 468, 665; 5:327; 6:3556)

35.  (D) Fenoldopam is a selective dopamine D1
recep tor agonist that is ind icated  for short 

term, rap id  reduction of blood  pressure in 
severe hypertension. The drug is devoid  of α-
and β -adrenoceptor and  dopamine D2 activity 
and  causes a dose-related  increase in renal 
blood  flow and  glomeru lar filtration rate. It 
does not increase heart rate or card iac contrac-
tility. While fenoldopam has d emonstrated  
nephroprotective p roperties in critically ill 
patients and those undergoing card iac surgery, 
it has not been shown to mitigate the severity 
of contrast-ind uced  nephropathy to d ate. 
(5:747)

36.  (A) Methylergonovine and  PGF2 are adminis-
tered  intramuscularly, and  PGE2 is adminis-
tered  via the oral, rectal, or vaginal rou tes. 
Oxytocin is administered  in slow intravenous 
increments; all of these d rugs increase uterine 
contractions and  may decrease postpartum 
hemorrhage. Progesterone usually relaxes the 
u terus. (5:1157)

37.  (D) The mother has certainly passed  onto her 
son one gene for the atypical form of butyryl-
cholinesterase, however without knowing the 
father ’s genotype, it is impossible to pred ict 
the son’s phenotypic response to succinylcho-
line. He is, at least, a carrier for the atypical 
gene. If the father has no copies of the atypical 
gene, then the son w ill be phenotyp ically 
normal. If the father is a carrier and  has one 
copy, the son has a 50% chance of being affected  
with a prolonged response to succinylcholine. 
If the father is homozygous and has two copies 
of the atypical gene, then the son has a 100% 
chance of being affected . (5:79-80)

38.  (B) Persons with anorexia nervosa and  result-
ing severe malnutrition are at increased risk for 
having prolonged QT and QTc intervals. Of the 
drugs listed , d roperidol may increase the risk 
of torsades de pointes. (5:108, 220)

39.  (B) The anesthesiologist who is dependent on 
opioids most typically arrives earlier to work 
than others so as to be able to obtain and  d ivert 
op ioid  med ication early in the day to avoid  
w ithd raw al and  to request frequent breaks 
throughout the day to self-inject. They often 
take measures to hide cutaneous manifestations 
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of multip le injection sites from colleagues. 
Miosis in a dark room, ind icating excessive 
opioid  effect, or mydriasis in a bright room, 
ind icating impend ing withd raw al, are also 
worrisome signs. (5:1626-8)

40.  (C) Aprepitant is an antagonist of substance P 
at the neurokinin (NK1) receptor. (1:1344)

41.  (B) There is significant geographical heteroge-
neity in the VKORC1 phenotype that is respon-
sible for the enzyme inhibited  by w arfarin. 
Persons of black African descent are most 
resistant to warfarin and  require the highest 
daily maintenance doses, w hile persons of 
Chinese descent require the lowest daily doses. 
(1:861-3)

42.  (E) The rate of the urinary excretion of weak 
acids is increased  by increasing the pH of the 
u rine w ith  sod ium  bicarbonate. The greater 
the fraction of a drug bound to plasma protein, 
the less the renal clearance will be. (1:19, 24-5)

43.  (D) The emergency management of poisoning 
w ith a nerve agent (an irreversible inhibitor 
of acetylcholinesterase) is the administration 
of atrop ine (to d ry pu lm onary secretions) 
and  p ralid oxim e (an  acetylcholinesterase 
reactivator ). (1:248-9)

44.  (A) A benzodiazepine used  as a bedtime seda-
tive shou ld  have a rap id  onset after oral 
administration and  a short duration that is not 
associated  with excessive sedation the follow-
ing day. That typ ically means that it has no 
active metabolites. Oxazepam meets these cri-
teria. Diazepam is long-acting, with a half-life 
of about a day, and  it has an active metabolite, 
nordazepam, with a half-life of about 4 d . 
Nordazepam is metabolized  to oxazepam; flu-
razepam, and  quazepam also have active 
metabolites with half-lives greater than a day. 
(1:463-6)

45.  (B) Although all µ -opioid  agonists used  as 
analgesics have antitussive activity, this effect 
is not d ue to stereospecific bind ing to the 
µ -opioid  receptor. All such µ -opioid  agonists 

are L-isomers. The D-isomers of these medica-
tions are devoid  of analgesic effects and  do not 
bind  to the µ -opioid  receptor, however they 
retain antitussive activity. Such a medication is 
dextromethorphan. (1:491-5; 512-3)

46.  (B) Inflammation is mediated  in part by pros-
taglandins synthesized  by COX-2. Pain and  GI 
mucosal integrity are associated  with prosta-
gland ins synthesized  by both COX-1 and  
COX-2. Regulation of renal blood  flow and  
platelet adhesiveness is due to prostagland ins 
or thromboxanes, respectively, synthesized  by 
COX-1. (1:849-51; 949-51)

47.  (B) Metoprolol is a selective β 1-adrenoceptor 
antagonist. Other members of this group are 
esmolol, atenolol, and  acebutolol (5:311)

48.  (E) Both d iazepam and buspirone are antianx-
iety agents. Buspirone is neither a sedative nor 
an anticonvulsant. Buspirone has no efficacy in 
persons with obsessive compulsive d isorder. 
(1:343-4, 349, 412-3)

49.  (C) Of the medications listed , both lithium car-
bonate and  carbamazepine have efficacy as 
mood stabilizers in persons with bipolar d isor-
der. Lithium carbonate is contraind icated  in 
persons w ith renal failu re because of the 
increased  risk of toxicity. (1:447)

50.  (A) Codeine is a prodrug and  requires metabo-
lism by CYP2D6 to morphine for analgesic 
activity. About 10% of persons of w estern 
European descent are deficient in CYP2D6. 
(5:42)

51.  (D) The symptoms are typical of the Parkinson-
like rigid ity the antidopaminergic antipsy-
chotic agents may cause. Specific treatment is 
with a centrally-acting muscarinic cholinergic 
antagonist like benztropine. (1:422, 437)

52.  (E) Factors that increase the likelihood that a 
substance will be abused  include rapid  onset 
and  offset, easy availability, and  low  p rice, 
and  that it potentiates dopaminergic reward  
pathways in the brain. (1:650)
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53.  (B) Some antidepressants and anticonvulsants, 
such as the ones listed , are effective in decreas-
ing neuropathic pain. In contrast, opioids are 
less effective and  their use in neuropathic pain 
is associated  with significant toxicity as well as 
the development of tolerance requiring dose 
escalation. (1:490, 518)

54.  (D) (1:192)

55.  (A) (1:220)

56.  (F) (1:221)

57.  (B) (1:203)

58.  (H) (1:203)

59.  (G) (1:204)

60.  (G) (1:1261-3)

61.  (A) (1:1260-1)

62.  (D) (1:1258)

63.  (H) (1:1257)



CHAPTER 12

Regional Anes thes ia
Ques tions

DIRECTIONS (Questions 64-93): Each of the num-
bered  items or incomplete statements in this section 
is followed by answers or by completions of the 
statement. Select the ONE lettered  answer or com-
pletion that is BEST in each case.

64. A 73-year-old  man undergoes a descend ing 
thoracic aortic aneurism repair. Following the 
surgical repair, the patient is unable to move 
his legs. Perfusion to the spinal cord  appears to 
have been compromised  during the repair. 
Which one of the following does NOT supply 
blood to the spinal cord?

(A)  Anterior spinal artery
(B)  Posterior spinal arteries
(C)  External carotid  arteries
(D)  Anterior rad icular arteries
(E)  Vertebral arteries

65. A 52-year-old  female undergoes a right total 
knee arthroplasty. Her preference is to have an 
ep id ural catheter p laced  for postoperative 
analgesia. When threading a catheter into the 
epidural space, the anterior border of the epi-
dural space may be encountered . The tissue 
creating the anterior border of the ep idural 
space is

(A)  anterior longitudinal ligament
(B)  posterior longitud inal ligament
(C)  ligamentum flavum
(D)  dura
(E)  transverse process

66. A lumbar p lexus block is performed  in  a 
72-year-old  man scheduled  to undergo a total 
hip arthroplasty. Which nerve does NOT orig-
inate from the lumbar plexus?
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(A)  Iliohypogastic
(B)  Ilioinguinal
(C)  Femoral
(D)  Genitofemoral
(E)  Sural

67. A 25-year-old  female undergoing an elective 
cesarean section agrees to a spinal anesthetic. 
When performing a spinal anesthetic, the anes-
thesiologist must be knowledgeable of the fact 
that cerebral sp inal flu id  (CSF) is located  
between which two tissue layers?

(A)  Pia and  arachnoid
(B)  Pia and  dura
(C)  Pia and  spinal cord
(D)  Dura and  arachnoid
(E)  Dura and  spinal cord

68. A 44-year-old female undergoes a right infracla-
vicular block for a right ulnar nerve transposi-
tion surgery at the elbow. The musculocutaneous 
nerve appears to have been missed. The muscu-
locutaneous nerve usually emerges from the

(A)  lateral cord
(B)  inferior cord
(C)  C5 nerve root
(D)  posterior d ivision
(E)  axillary nerve
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69. A 22-year-old  male p resents for left hand 
reconstructive surgery. You discuss performing 
an axillary brachial p lexus block. After per-
forming an axillary brachial plexus block for 
forearm surgery, the nerve that will most likely 
need to be blocked by a separate injection is the

(A)  axillary nerve
(B)  suprascapular nerve
(C)  u lnar nerve
(D)  musculocutaneous nerve
(E)  median nerve

70. The normal bony vertebral column is made up 
of how many total vertebrae?

(A)  27
(B)  29
(C)  31
(D)  33
(E)  35

71. A 72-year-old  man presents for a total shoulder 
arthroplasty. He undergoes a continuous inter-
scalene block utilizing a trad itional landmark 
technique. Bone is contacted  within 2 cm of the 
skin that likely represents the

(A)  first rib
(B)  clavicle
(C)  scapula
(D)  transverse process
(E)  vertebral body

DIRECTIONS: Use the following scenario to answer 
Questions 72-74: An 18-year-old  male sustained  an 
open right u lna forearm fracture after slipping on 
ice. He presented  for open reduction and  internal 
fixation. He undergoes a peripheral nerve block for 
surgical anesthesia with 20 mL of 0.5% bupivacaine. 
The following ultrasound image is obtained:

72. After successful completion of the block, all of 
the following are expected  to occur on the ipsi-
lateral side EXCEPT inability to

(A)  flex the wrist
(B)  shrug the shoulder
(C)  abduct the shoulder
(D)  flex the arm at the elbow
(E)  extend  the arm at the elbow

73. The patient reports pain during skin incision 
on the u lnar side of his d istal forearm. The 
most likely reason is the failure to

(A)  anesthetize the lateral antebrachial cuta-
neous nerve

(B)  advance the needle to the area repre-
sented  by the "X"

(C)  anesthetize the u lnar nerve
(D)  anesthetize the medial brachial cutane-

ous nerve
(E)  advance the needle to the area repre-

sented  by the arrow

74. If the needle is advanced  to the area depicted  
by the arrow, which one of the following may 
occur?

(A)  Inability to further advance the needle
(B)  A complete and  dense surgical block
(C)  A pneumothorax
(D)  An intravascular injection
(E)  Successful blockade of the inferior trunk 

of the brachial plexus
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75. A 42-year-old  male presents with neck pain of 
1-year duration. He undergoes a cervical epi-
dural steroid  injection for what is presumed to 
be herniation of the inner contents of the inter-
vertebral d isk that resulted  in inflammation. 
The inner contents of the intervertebral d isk 
called  is also called  the

(A)  annulus fibrosus
(B)  ligamentum flavum
(C)  nucleus pulposus
(D)  posterior longitudinal ligament
(E)  facet joint

76. A 41-year-old  female undergoes right shoulder 
arthroscopy utilizing an interscalene block as 
the surgical anesthetic. Upon making a small 
skin incision on the cape of the shoulder, the 
patient reports feeling the painful incision. The 
skin on the top of the shoulder is innervated by 
which nerve?

(A)  Radial
(B)  Supraclavicular
(C)  Axillary
(D)  Median
(E)  Ulnar

77. A 72-year-old  male presents for repair of a 
d istal humerus fracture. The patient prefers a 
regional anesthetic for surgery and  a brachial 
plexus block is performed. The organization of 
the brachial plexus starting proximally in the 
neck and  traveling d istally to the axilla is

(A)  trunks, d ivisions, roots, cords, branches
(B)  d ivisions, trunks, roots, cords, branches
(C)  branches, cords, d ivisions, trunks, roots
(D)  roots, trunks, cords, d ivisions, branches
(E)  roots, trunks, d ivisions, cords, branches

78. All of the following nerves provide exclusively 
cutaneous innervation to the foot EXCEPT the

(A)  sural nerve
(B)  saphenous nerve
(C)  tibial nerve
(D)  superficial peroneal nerve

79. An 18-year-old  female sustained  a closed  right 
ankle fracture while skating. She presents five 
days later for open reduction and  internal fixa-
tion of the ankle. She agrees to a regional anes-
thetic for su rgical anesthesia as w ell for 
postoperative analgesia. Which nerve inner-
vates the skin over the med ial aspect of the 
lower leg?

(A)  Saphenous
(B)  Sciatic
(C)  Sural
(D)  Common peroneal
(E)  Ilioinguinal

80. A 54-year-old  male is scheduled  to undergo a 
right total hip  arthroplasty. You  perform a 
lumbar p lexus block as well as a gluteal sciatic 
block for postoperative analgesia. The sciatic 
nerve is composed  of the ventral rami of

(A)  L4 - S3
(B)  T12 - L4
(C)  T12 - S3
(D)  S1-S3
(E)  T10-S3

81. You are performing an u ltrasound -gu ided  
supraclavicular block in a 15-year-old  female 
for left hand surgery. You encounter bone with 
need le ad vancement. You  suspect that the 
needle has most likely encountered  the

(A)  clavicle
(B)  second rib
(C)  transverse process of C6
(D)  vertebral body of C6
(E)  first rib

82. A 72-year-old  female undergoes a transmeta-
tarsal amputation of the left foot for peripheral 
vascular d isease. All of the following are suit-
able regional anesthetics EXCEPT a(n)

(A)  ankle block
(B)  femoral and  popliteal sciatic block
(C)  saphenous and  popliteal sciatic block
(D)  femoral and  saphenous nerve block
(E)  spinal block
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83. You are obtaining informed  consent from 
46-year-old  lawyer for a femoral nerve block 
for a right ACL repair. You explain that you 
will be using ultrasound as the means of nerve 
localization. All of the following are true when 
u sing u ltrasou nd  in  regional anesthesia 
EXCEPT that it

(A)  decreases the incidence of unintentional 
vascular punctures

(B)  decreases the number of needle passes
(C)  decreases the volume of local anesthetic 

required
(D)  decreases the onset time of a block
(E)  has not been shown to facilitate the 

placement of epidural blocks in d ifficult 
patients

DIRECTIONS: Use the following scenario to answer 
Questions 84-85: A 25-year-old  male undergoes 
ACL repair of the right knee utilizing a hamstring 
tendon. In the PACU, the patient reports intense 
pain and  requests a peripheral nerve block. Utilizing 
ultrasound for the nerve block, 25 mL of 0.5% ropi-
vacaine was administered  and  the following ultra-
sound-guided  image was obtained:

84. During the u ltrasound-guided  block shown 
above, anesthetizing the nerve depicted  by the 
white arrow would  result in inability to

(A)  dorsiflex the foot
(B)  plantarflex the foot

(C)  extend  the lower leg at the knee joint
(D)  flex the lower leg at the knee joint
(E)  flex the hip joint

85. After a successful block, the patient would  be 
expected  to have loss of sensation to the

(A)  lateral aspect of the right thigh
(B)  medial aspect of the right lower leg
(C)  lateral aspect of the right lower leg
(D)  posterior aspect of the thigh
(E)  dorsum of the foot

86. A brachial p lexus block is performed  in a 
26-year-old  man for open reduction and  inter-
nal fixation of the left elbow. A supraclavicular 
block is performed  to anesthetize the entire 
brachial plexus. The brachial plexus is primar-
ily derived  from the nerve roots of

(A)  C5-C8
(B)  C5-T1
(C)  C6-C8
(D)  C6-T2
(E)  C2-C4

87. A 66-year-old  female with severe COPD pres-
ents for left upper extremity surgery. She pre-
fers a regional anesthetic in order to avoid  
intraoperative intubation and  wants to avoid  
the need  for postoperative intubation. Which 
one of the following upper extremity blocks 
should  be avoided  because it typically results 
in phrenic nerve blockade with resulting ipsi-
lateral d iaphragm paralysis?

(A)  Supraclavicular
(B)  Interscalelene
(C)  Infraclavicular
(D)  Axillary
(E)  Suprascapular

88. During a barroom fight, a man fractured  his 
5th metacarpal after throwing a punch. The 
following day he underwent a surgical repair 
of the 5th metacarpal. Which one of the follow-
ing nerve(s) would  need  to be anesthetized  to 
ensure adequate postoperative analgesia?
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(A)  Ulnar nerve
(B)  Ulnar and  rad ial nerves
(C)  Median and  rad ial nerves
(D)  Median, rad ial, and  ulnar nerves
(E)  Musculocutaneous, median, rad ial, and  

ulnar nerves

89. A popliteal sciatic nerve block was performed 
for open reduction and  internal fixation of the 
ankle. The patient reported  feeling the painful 
surgical incision made on the medial aspect of 
the ankle. The nerve most likely missed  was

(A)  sural nerve
(B)  saphenous nerve
(C)  deep peroneal nerve
(D)  superficial peroneal nerve
(E)  tibial nerve

DIRECTIONS (Questions 90-91): Each group of 
items below consists of lettered  headings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  heading or component that is most closely 
associated  with it. Each lettered  head ing or compo-
nent may be selected  once, more than once, or not 
at all.

(A)  Sciatic
(B)  Femoral
(C)  Supraclavicular
(D)  Tibial
(E)  Saphenous
(F)  Infraclavicular
(G)  Superficial Cervical Plexus
(H)  Suprascapular

For each patient, select the best peripheral nerve 
block.

90. A 62-year-old morbidly obese patient sustained  
an open ankle fracture after falling. She under-
goes general anesthesia for open reduction and  
internal fixation. In the PACU she reports 
intense pain not alleviated  with opioids.

91. A 50-year-old  gentleman is scheduled  for elec-
tive rotator cuff repair of the left shoulder. You 
decide to perform an interscalene nerve block; 
however, you are unable to obtain an adequate 
ultrasound  image. For complete surgical anes-
thesia, the most appropriate alternative tech-
nique is needed .

DIRECTIONS (Questions 92-93): Each group of 
items below consists of lettered  headings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  heading or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent may be selected  once, more than once, or not 
at all.

(A)  Ulnar nerve block
(B)  Musculocutaneous nerve block
(C)  Median nerve block
(D)  Radial nerve block
(E)  Obturator nerve block
(F)  Suprascapular nerve Block
(G)  Medial brachial cutaneous nerve block
(H)  Medial antebrachial cutaneous nerve 

block

For each patient, select the best rescue block.

92. A 26-year-old  male su stained  a left elbow 
fracture. After the performance of an infracla-
vicu lar block, you  note that sensation is still 
intact on the ventral and  lateral aspects of the 
forearm.

93. A supraclavicular nerve block is performed for 
surgical anesthesia of the hand. Upon testing 
the success of the block prior to surgery you 
notice that there is a lack of sensation on the 
volar and  lateral aspect of the forearm bu t 
intact sensation on the medial side.
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Answers  and Explana tions

64.  (C) The only artery in the list that does not 
supply the spinal cord  is the external carotid  
artery. (5:780)

65.  (B) The posterior longitudinal ligament creates 
the anterior boarder of the ep idural space. 
(5:789)

66.  (E) The su ral nerve originates from  the 
com m on peroneal and  tibial nerves. The 
common peroneal nerve and  the tibial nerve 
originate from the sciatic nerve (sacral plexus). 
(5:839)

67.  (A) The CSF is made by the choroid  plexus and 
is found  in the subarachnoid  space. (5:786)

68.  (A) The musculocutaneous nerve is a branch of 
the lateral cord . If the infraclavicu lar nerve 
block is performed  in a more d istal location 
with ultrasound guidance, the musculocutane-
ous nerve may be missed . The musculocutane-
ous nerve is more likely to be missed  with an 
axillary approach and  a separate injection is 
required . (5:829)

69.  (D ) The m uscu locu taneous nerve can be 
missed  when an axillary block is performed  
because in many cases it has branched  away 
from the neurovascu lar bund le more proxi-
mally. A separate injection is usually necessary. 
(5:834)

70.  (D) There are 7 cervical, 12 thoracic, 5 lumbar, 
5 sacral, and  4 coccygeal vertebrae. (5:786)

71.  (D) The transverse process would  represent 
the m ost su perficial bony structu re in  the 

vicinity of a correctly performed  landmark-
based  interscalene block. (5:830)

72.  (B) This is an u ltrasound image of a supracla-
vicu lar block. After a successfu l block, one 
would  still be able to shrug the shoulders as 
the trapezius muscles are innervated by cranial 
nerve XI. (5:831-3)

73.  (B) The med ial aspect of the forearm is inner-
vated  by the med ial antebrachial cu taneous 
nerve that is comprised  of nerve fibers from 
the C8-T1 nerve roots or low er trunk of the 
brachial plexus. To consistently anesthetize these 
fibers the need le would  need  to be advanced  
closer to the area designated  by the "X." This 
area has been termed  the "corner pocket" that 
is formed  by the subclavian artery and  first 
rib. (5:831-3)

74.  (C) The arrow depicts the pleura of the lung. 
Puncturing the pleura may result in a pneumo-
thorax. (5:831-3)

75.  (C) The nucleus pulposus represents the inner 
aspect of the intervertebral d isk and  the outer 
fibrous ring is called  the annu lus fibrosus. 
(5:786)

76.  (B) The supraclavicular nerves innervate the 
top of the shoulder and originates from the cer-
vical plexus. The axillary nerve also innervates 
the skin of the shoulder, bu t more d istally. 
(5:836)

77.  (E) The organization of the brachial p lexus 
begins w ith the roots of C5-T1, which then 
organize into three trunks, follow ed  by the 
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anterior and  posterior d ivisions. Below  the 
level of the clavicle the d ivisions organize into 
three cords and  then finally transition into the 
branches of the brachial p lexus. (5:828-9)

78.  (C) The sural, saphenous, and superficial pero-
neal nerves p rovid e exclusively cu taneous 
innervation to the foot. The tibial nerve, in 
addition to provid ing cutaneous innervation, 
also provides innervation to the deeper struc-
tures of the foot. (5:845-7)

79.  (A) The saphenous nerve is a branch of the 
femoral nerve and  travels down the med ial 
aspect of the lower leg to innervate the ankle. 
(5:841)

80.  (A) The sciatic nerve is composed  of the ven-
tral rami of L4-S3 from the sacral plexus. The 
ventral rami of T12-L4 comprise the lumbar 
p lexus. (5:843)

81.  (E) The first rib is easily imaged  when per-
forming u ltrasound-gu ided  supraclavicu lar 
blocks. It may provide some level of protection 
from a possible pneumothorax when advanc-
ing a needle. (5:832)

82.  (D) Branches of the sciatic nerve and  femoral 
nerve need  to be blocked  for a transmetatarsal 
amputation. An ankle block will anesthetize 
the tibial, deep peroneal, superficial peroneal, 
and  sural nerves that are all branches of the 
sciatic nerve. In addition the saphenous nerve, 
which is a branch of the femoral nerve, is part 
of a complete ankle block. (5:840-7)

83.  (E) Ultrasound  has been shown to facilitate 
need le p lacement in neuraxial techniques, 
especially in patients with d ifficu lt ep idural 
localization. (5:851)

84.  (C) This is an ultrasound  image of the femoral 
nerve after injection of local anesthetic. The 
femoral nerve innervates the quadriceps mus-
cles that are responsible for extend ing the 
lower leg at the knee joint. The sciatic nerve is 
responsible for p lantar flexion, dorsiflexion, 
eversion, and  inversion of the foot. The sciatic 
nerve innervates the ham str ing m u scles 

allow ing for flexion at the knee joint. The fem-
oral nerve does not innervate the hip flexors. 
(4:69-72)

85.  (B) The cutaneous innervation of the medial 
aspect of the lower leg is from the saphenous 
nerve that is a branch of the femoral nerve. The 
cutaneous innervation of the lateral aspect of 
the thigh is from the lateral femoral cutaneous 
nerve and  the posterior thigh from the poste-
rior femoral cutaneous nerve. The sciatic nerve 
innervates the lateral aspect of the lower leg 
and  dorsum of the foot. (5:842)

86.  (B) The ventral rami of the spinal nerves from 
C5-T1 comprise the brachial plexus. There is 
variable contribution from C4 and  T2. The cer-
vical plexus is comprised  of the ventral rami of 
C2, C3, and  C4. (5:828)

87.  (B) Typically the interscalene approach results 
in a nearly 100% incidence of blockade of the 
phrenic nerve. The incidence of phrenic nerve 
blockade from a supraclavicular approach has 
ranged  from 3050%. (5:831)

88.  (A) The ulnar nerve provides dorsal and  ven-
tral innervation to the cu taneous as well as 
intrinsic components of the 5th metacarpal and  
d igit. Ulnar nerve blockade at the level of the 
forearm will provide complete postoperative 
analgesia. (5:837)

89.  (B) The saphenous nerve provides cutaneous 
innervation to the medial aspect of the lower 
leg and  ankle with a variable extension on the 
med ial aspect of the foot. The innervation 
d istal to the knee joint is predominately from 
the sciatic nerve with the saphenous nerve 
being the only contribution from the femoral 
nerve. (5:841)

90.  (A) The predominate innervation to the ankle 
joint comes from the sciatic nerve and  there-
fore a sciatic nerve block would  be appropri-
ate. Although the saphenous nerve provides 
some innervation to the ankle joint, it has a 
minor role. For postoperative analgesia, the 
sciatic block should  be the first block per-
formed  and  in many instances a saphenous 
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nerve block may not be necessary. However for 
complete surgical anesthesia, in addition to a 
sciatic nerve block, a saphenous nerve block is 
required . (5:843-5)

91.  (C) Available evidence suggests that a supra-
clavicular block can take the place of an inter-
scalene block for anesthetizing the shoulder 
joint. The suprascapular nerve and  axillary 
nerve innervate the shoulder joint. The supra-
scapu lar nerve typ ically branches from the 
upper trunk of the brachial plexus while the 
axillary nerve is a branch nerve of the brachial 
p lexus. Since the supraclavicular block is a 
block at the trunk level of the plexus, both of 
these nerves would  be anesthetized . (5:831-3)

92.  (B) The ventral and  lateral aspect of the fore-
arm is innervated  by the lateral antebrachial 
cu taneous nerve (LACN). The LACN is an 

extension of the muscu locu taneous nerve. 
Therefore a muscu locu taneous nerve block 
would  need  to be performed. (4:849)

93.  (A) The medial aspect of the forearm is inner-
vated  by the med ial antebrachial cu taneous 
nerve (MACN). The nerve fibers of this nerve 
are derived from the C8-T1 spinal nerves or the 
inferior trunk of the brachial plexus. If sensa-
tion were intact on the med ial aspect of the 
forearm, this would  suggest that these fibers 
were missed  when performing the supracla-
vicular block. The ulnar nerve, rad ial nerve, 
and  med ian nerve innervate the hand . The 
u lnar nerve fibers are also derived  from the 
C8-T1 spinal nerves or inferior trunk. Therefore 
if sensation were intact on the medial aspect of 
the forearm, this would  also suggest that the 
u lnar nerve would  also be intact. (5:837)



CHAPTER 13

Anes thes ia for Cardiothorac ic  and 
Vas cular Surgery

Ques tions

DIRECTIONS (Questions 94-174): Each of the num-
bered  items or incomplete statements in this section 
is followed by answers or by completions of the 
statement. Select the ONE lettered  answer or com-
pletion that is BEST in each case.

94. A 72-year-old  patient who underwent success-
ful CABG is extubated  2 hours after arrival in 
the ICU. The next morning, the patient experi-
ences the acute onset of sinus bradycardia with 
associated  hypotension. The next best step in 
management is to

(A)  initiate artificial card iac pacing
(B)  start isoproterenol
(C)  start epinephrine
(D)  perform a stat TTE
(E)  administer adenosine

95. Afterload  is reduced  while d iastolic perfusion 
pressure is increased  by

(A)  dopamine
(B)  epinephrine
(C)  nitroglycerin
(D)  nitroprusside
(E)  intraaortic balloon counterpulsation

96. Ischemia from a right coronary artery lesion 
would  most likely be evident on electrocard io-
graphic lead

(A)  I
(B)  II
(C)  VR
(D)  AVL
(E)  V5
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97. Increased  amplitude of v waves in a central 
venous pressure record ing indicates

(A)  junctional rhythm
(B)  atrial fibrillation
(C)  tricuspid  regurgitation
(D)  hypovolemia
(E)  heart block

98. At 17°C

(A)  EEG activity is unchanged
(B)  cellu lar integrity is lost
(C)  cerebral blood flow increases
(D)  cerebral metabolic rate of oxygen con-

sumption (CMRO2) is less than 10% of 
normothermic value

(E)  the brain switches to anaerobic 
metabolism

99. Which one of the following modalities for arti-
ficial pacing w ill resu lt in  ventricu lar, as 
opposed  to atrial, pacing only?

(A)  Transvenous endocard ial leads
(B)  Epicard ial leads
(C)  External noninvasive electrodes
(D)  Esophageal electrodes
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100. A 62-year-old  male with a past medical history 
of alcohol abuse, smoking, and COPD is admit-
ted  to the hospital with severe substernal chest 
pain after an episode of binge d rinking during 
which he reported ly threw up violently. He is 
brought to the operating room for emergent 
exploration of the chest for suspected  esopha-
geal rupture. His physical examination is nota-
ble for signs and  symptoms consistent w ith 
severe sepsis, tachypnea, and  SpO2 of 89% 
while breathing O2 through a nonrebreather 
facem ask. Airw ay exam  is notable for a 
Mallampati III score and  a fu ll beard . The sur-
geon informs you  that one-lung ventilation 
will be required  to facilitate esophageal repair. 
The anesthetic plan most likely to result in safe 
induction of anesthesia and  adequate lung 
separation in  ad d ition to rap id -sequence 
induction includes

(A)  placement of right-sided  double-lumen 
tube

(B)  placement of left-sided  double-lumen 
tube

(C)  placement of single-lumen tube fol-
lowed by right mainstem intubation

(D)  placement of Univent tube followed  by 
selective bronchial blockade

(E)  placement of single-lumen tube fol-
lowed by left mainstem intubation

101. The best drying effect before fiberoptic endos-
copy is performed is achieved  by the adminis-
tration of

(A)  neostigmine
(B)  pyridostigmine
(C)  edrophonium
(D)  atropine
(E)  glycopyrrolate

102. A patient undergoing right upper lobectomy 
for lung cancer in the left lateral decubitus 
position is experiencing hypoxemia w hile 
receiving an FIO2 of 1.0 during one-lung anes-
thesia with a double-lumen tube. Which one of 
the following options is the most appropriate 
next step in the treatment of hypoxemia?

(A)  Application of continuous positive 
airway pressure (CPAP) to the non-
dependent lung

(B)  Application of PEEP to the dependent 
lung

(C)  Intermittent reinflation of the non-
dependent lung

(D)  Reinstitu te two-lung ventilation
(E)  Administration of oxygen via suction 

catheter to the collapsed  lung

103. During card iopulmonary bypass, patients

(A)  need  large doses of muscle relaxants at 
25°C

(B)  require neuromuscular blockade during 
cooling and  warming

(C)  should  have PaCO2 maintained  at about 
30 mm Hg

(D)  should  have their lungs hyperinflated
(E)  should  have continued  pulmonary 

ventilation

104. Nitroglycerin causes vasodilation that is mark-
ed ly potentiated  by

(A)  metoprolol
(B)  remifentanil
(C)  labetalol
(D)  magnesium sulfate
(E)  sildenafil

105. An 82-year-old  patient with a card iac rhythm-
management device (ICD/ pacemaker) in place 
requires surgery that entails the use of electro-
cautery. Which one of the following statements 
is true?

(A)  The cutaneous electrode (skin pad) of a 
unipolar electrocautery unit should be as 
close to the pulse generator as possible.

(B)  Electrocard iographic monitoring is nec-
essary only if the patient is being paced .

(C)  Placing a magnet over the device can 
deactivate the pacing function of an ICD.

(D)  The risk for interference is negligible if 
the pacer is a demand unit.

(E)  Electrocautery can electrically reset the 
pacemaker.
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DIRECTIONS: Use the following scenario to answer 
Questions 106-107: A 42-year-old  woman is referred  
by a thoracic surgeon from the clinic for mediasti-
noscopy. On evaluation, the patient is sitting up on 
the stretcher, and  the respiratory pattern is notable 
for tachypnea that accord ing to the patient has been 
present for the past two weeks. The patient's voice 
sounds hoarse, and  she tells you that she sleeps 
with two pillows at night.

106. Based  on the description of symptoms, which 
one of the following find ings is likely to be 
present on physical exam?

(A)  Pain of the shoulder and  medial aspect 
of forearm

(B)  Rubor of face, and  arm veins fail to 
empty on elevation

(C)  Lower extremity edema, and  rales on 
auscultation

(D)  Pursed  lips, prolonged  expirium, and  
bilateral wheezing on auscultation

(E)  Paraesthesias, tetany, and  d izziness

107. Based  on the patients' presentation, which one 
of the following is the safest approach to induc-
tion of anesthesia?

(A)  Upper extremity IV access and  rapid-
sequence induction with placement of a 
single-lumen tube

(B)  Upper extremity IV access and  rapid-
sequence induction with placement of 
double-lumen tube

(C)  Lower extremity IV access, standard  IV 
induction, mask ventilation, placement 
of single-lumen tube

(D)  Lower extremity IV access, placement of 
arterial blood  pressure monitor, mainte-
nance of spontaneous breathing, place-
ment of single-lumen tube

(E)  Upper extremity IV access, p lacement of 
arterial blood  pressure monitor, mainte-
nance of spontaneous breathing, place-
ment of single-lumen tube

108. The patient w ith a pacemaker in p lace may 
develop  competing rhythms when a normal 
sinus rhythm is present and  the unit has been 
converted  to the asynchronous mode. If the 

pacing stimuli fall on the T wave of the previ-
ously conducted  beats,

(A)  ventricular fibrillation will follow
(B)  there is little danger, since the energy 

output is low with current pulse 
generators

(C)  ventricular fibrillation is less likely if 
hypoxemia is present

(D)  ventricular fibrillation is less likely with 
catecholamine release

(E)  ventricular fibrillation is less likely with 
myocard ial infarction

109. Intraaortic balloon counterpulsation is a circu-
latory assist method that

(A)  is used  for patients with aortic 
aneurysms

(B)  is used  for patients with aortic 
insufficiency

(C)  causes an intraaortic balloon to be 
inflated  during systole

(D)  increases coronary blood  flow
(E)  increases impedance to the opening of 

the left ventricle

110. The clamping of the thoracic aorta in aneu-
rysm repair is followed by

(A)  immediate hypotension
(B)  immediate hypertension
(C)  card iac standstill
(D)  no change
(E)  loss of blood  pressure in the right arm

111. A 72-year-old  patient is undergoing thoracic 
aortic surgery. When the patient is extubated  
on the first postoperative day, he is noted  to 
have paraplegia on neurological exam. This 
complication of aortic su rgery is most com-
monly due to

(A)  pressure on the spinal cord  during 
surgery

(B)  long periods of hypotension
(C)  hypothermia associated with the surgery
(D)  spinal cord  ischemia
(E)  loss of cerebrospinal flu id
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112. Hypovolemia may occur during abdominal 
aneurysm procedures as a result of all of the 
following EXCEPT

(A)  blood loss
(B)  inadequate flu id  replacement
(C)  use of vasodilators
(D)  loss of flu id  into the bowel
(E)  expansion of the vascular bed  during 

occlusion

113. The blood flow rate for an adult on total car-
d iopulmonary bypass is generally

(A)  15 mL/ kg/ min
(B)  35 mL/ kg/ min
(C)  55 mL/ kg/ min
(D)  85 mL/ kg/ min
(E)  115 mL/ kg/ min

114. When an adult patient is on total cardiopulmo-
nary bypass,

(A)  arterial pressure is generally maintained  
above 50 mm Hg

(B)  blood  is pumped  from the venae cava 
and  drains by gravity into the aorta for 
circulation

(C)  the level of blood  in the venous reser-
voir of the pump reflects the central 
venous pressure of the patient

(D)  venous pressure elevation is of no 
consequence

(E)  venous return to the pump is always 
started  before arterial infusion

115. A 48-year-old  female with a history of 40 pack-
years of smoking, hypertension, and  hyper-
cholesterolemia is to undergo right carotid  
endarterectomy for symptomatic, high-grade 
stenosis. Which one of the following state-
ments regard ing the anesthetic care for carotid  
artery surgery in this patient is true?

(A)  Blood  pressure during carotid  occlusion 
should  be maintained  at, or above the 
patient's baseline.

(B)  The use of a BIS monitor will reliably 
detect intraoperative cerebral ischemia.

(C)  The use of volatile anesthetics would  
result in superior brain protection as 
compared  to propofol.

(D)  The surgical procedure should  be pre-
ceded  by tests to show if carotid  clamp-
ing can be tolerated .

(E)  The use of regional anesthesia would  
minimize the risk of perioperative 
stroke.

116. The most reliable monitor for detection of 
intraoperative myocard ial ischemia is

(A)  creatine phosphokinase levels
(B)  changes in the ST-T segment on ECG
(C)  transesophageal echocard iography
(D)  troponin concentrations
(E)  exhaled  nitric oxide

117. A 72-year-old  male is presenting for endovas-
cular stent graft repair of a 6.8 cm descending 
thoracic aortic aneurysm. The patient's past 
medical history is significant for insulin depen-
dent d iabetes, hypertension, hypercholesterol-
emia, coronary artery d isease, and  myocard ial 
infarction. The patient's past surgical history is 
significant for infrarenal aortic aneu rysm 
repair. In order to decrease the risk of spinal 
cord  ischemia, part of the anesthetic manage-
ment should  be

(A)  the preoperative placement of a lumbar 
drain

(B)  intraoperative EEG monitoring
(C)  deep hypothermic circulatory arrest 

(DHCA)
(D)  deliberate hypotension
(E)  a "high-dose narcotic" technique

118. An 84-year-old  female w ith know n severe 
mitral stenosis is to undergo urgent left hip 
hemiarthroplasty after suffering a femur frac-
ture after a fall. The patient had  a failed  spinal 
anesthetic in the past and  is refusing neuraxial 
anesthesia. The hemodynamic goal after induc-
tion of anesthesia should  include

(A)  increased  heart rate
(B)  increased  contractility
(C)  increased  preload
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(D)  decreased  contractility
(E)  increased  afterload

119. In comparing patients undergoing esophagec-
tomy against those undergoing pu lmonary 
resection, it is generally TRUE that esophagec-
tomy patients

(A)  have better nutritional status
(B)  have less risk of aspiration
(C)  have better pulmonary function
(D)  are less likely to be hypoxic during sin-

gle lung ventilation
(E)  are less likely to need  postoperative 

ventilation

120. The human larynx

(A)  lies at the level of the 1st through 4th 
cervical vertebrae

(B)  in the adult is narrowest at the level of 
the cricoid  cartilage

(C)  is innervated  solely by the recurrent 
laryngeal nerve

(D)  is protected  anteriorly by the wide 
expanse of the cricoid  cartilage

(E)  lies within the thyroid  cartilage

121. A patient is undergoing a med iastinoscopy 
when there is a sudden loss of pulse and  pres-
sure wave being monitored  at the right wrist. 
The m ed iastinoscope is w ithd raw n, w ith 
resumption of normal vital signs. The most 
likely cause of the problem is

(A)  card iac arrest
(B)  superior vena cava obstruction
(C)  air in the mediastinum
(D)  compression of the innominate artery
(E)  anesthetic overdose

122. A 71-year-old  man is admitted  with a com -
plaint of hoarseness and  sore throat. On ind i-
rect laryngoscopy, a supraglottic mass is noted  
with edema of the cords. He is scheduled  for a 
d irect laryngoscopy under general anesthesia. 
The approach to this procedure should  be

(A)  kept simple, since it is a short procedure
(B)  induction, paralysis, and  laryngoscopy

(C)  induction, paralysis, intubation, and  
laryngoscopy

(D)  paralysis, intubation, induction, and  
laryngoscopy

(E)  to establish an airway before paralysis 
or instrumentation

123. A patient w ith esophageal obstruction is to 
have a general anesthetic for esophagoscopy. 
He has had  a barium swallow on the previous 
day. One of the greatest dangers of the planned  
procedure is

(A)  bleed ing
(B)  hypotension
(C)  d ifficult intubation
(D)  aspiration
(E)  arrhythmia

DIRECTIONS: Use the following figure to answer 
Questions 124-127:

124. The figure shows a view of a patient with a 
double-lumen tube viewed from the head  of 
the bed . To ventilate the right lung and  deflate 
the left lung, one should

(A)  clamp at 1 and  uncap at 3
(B)  clamp at 6 and  uncap at 3
(C)  clamp at 5 and  uncap at 3
(D)  clamp at 5 and  uncap at 4
(E)  clamp at 1 and  6 and  uncap at 3
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125. After the tube has been correctly positioned , a 
bronchoscope is used . By opening at 4 and  
looking down the lumen of 2, one should  see

(A)  the left upper lobe with a right-sided  
tube

(B)  the carina with a right-sided  tube
(C)  the trachea with a right-sided  tube
(D)  the carina with a left-sided  tube
(E)  the left upper lobe with a left-sided  tube

126. To lavage the right lung while ventilating the 
left lung, one would  perform all the following 
EXCEPT

(A)  clamp at 6
(B)  clamp at 2
(C)  pour flu id  into 4

(D)  inflate the bronchial cuff
(E)  inflate the tracheal cuff

127. All of the following are true about the double-
lumen tube in the figure EXCEPT

(A)  lumen 1 is the bronchial lumen in a left-
sided  tube

(B)  the pressures are equal at 1 and  2 when 
no clamps are applied

(C)  CPAP to the right lung is applied  at 4
(D)  clamping at 6 isolates the left lung from 

the anesthesia circuit
(E)  clamping at 5 and  uncapping at 3 will 

allow the left lung to collapse

DIRECTIONS: Use the following figure to answer 
Questions 128-129:

128. The device depicted  in the figure is

(A)  a Univent bronchial blocker tube
(B)  a Fogarty catheter
(C)  a Sengstaken-Blakemore tube
(D)  an independent (Arndt) endobronchial 

blocker
(E)  an airway exchange catheter

129. Which one of the following statements about 
the device depicted  is true?

(A)  It is useful to obtain one-lung ventila-
tion in patients who are already intu-
bated  or have a d ifficult airway.

(B)  Positive pressure ventilation has to be 
interrupted  for proper placement.

(C)  There is no need  for fiberoptic bronchos-
copy to verify correct positioning of the 
device.

(D)  It can only be used  in patients undergo-
ing right sided  surgery.

(E)  With this device, the endotracheal tube 
has to be exchanged at the end of surgery 
if the patient is to remain intubated.
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130. During apneic oxygenation

(A)  the time elapsed  before desaturation 
occurs is independent of the patient's 
pulmonary status

(B)  all arrhythmias are due to hypoxemia
(C)  the carbon d ioxide tension is not 

important
(D)  the carbon d ioxide level rises about 3-6 

mm Hg/ min
(E)  pulse oximetry is not helpful

131. The bronchial venous systems drains into all of 
the following vascular beds EXCEPT

(A)  Thebesian veins
(B)  hemiazygos veins
(C)  azygos veins
(D)  pulmonary veins
(E)  mediastinal veins

132. A 58-year-old  male with past medical history 
significant for moderate to severe aortic regur-
gitation is undergoing laparoscopic ventral 
hern ia rep air  u nd er general anesthesia. 
Assuming that the patient's blood  pressure is 
normal and  at baseline, ad ministration of 
which one of the following drugs is likely to 
result in improved forward  flow?

(A)  Norepinephrine
(B)  Glycopyrrolate
(C)  Esmolol
(D)  Phenylephrine
(E)  Vasopressin

133. The administration of fentanyl in large doses 
(0.1 mg/ kg) generally results in

(A)  increased  pulmonary vascular resistance
(B)  decreased  heart rate
(C)  histamine release
(D)  more profound hypotension than is seen 

with morphine (1 mg/ kg)

134. Which one of the following interventions is 
most likely to result in preservation of renal 
function during aortic aneurysm surgery?

(A)  Administration of furosemide
(B)  Keeping aortic cross clamp time less 

than 120 min
(C)  Administration of dopamine
(D)  Endovascular approach to aortic aneu-

rysm repair
(E)  Administration of mannitol

DIRECTIONS: Use the following scenario to answer 
Questions 135-136: A 75-kg patient is undergoing 
elective repair of an aortic aneurysm. Twenty min-
utes after incision the patient develops tachycard ia, 
hypotension, and  subsequent ST elevations in lead  
V, as well as a rise in the pulmonary artery (PA) 
pressures. An infusion of vasopressor is started  to 
correct hypotension.

135. In addition to correcting the hypotension, the 
most effective intervention for the treatment of 
elevated  PA pressures in this scenario is

(A)  infusion of milrinone
(B)  addition of inhaled  nitric oxide
(C)  infusion of nitroglycerin
(D)  start hyperventilation
(E)  increase in FIO2 to 1.0

136. With respect to the patient's tachycard ia, the 
next best step in management is

(A)  observation only
(B)  administration of metoprolol
(C)  administration of nicard ipine
(D)  administration of neostigmine
(E)  administration of glycopyrrolate
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137. A 72-year-old  patient underwent an uncompli-
cated  CABG for severe three-vessel coronary 
artery d isease fou r hours ago and  is now 
requiring increasing levels of hemodynamic 
support. The patient was started  on an ep i-
nephrine infusion, currently at 2 mcg/ kg/ min. 
Vital signs are blood  pressure (BP) 80/ 50, heart 
rate 130, pu lmonary artery pressure 50/ 25, 
central venous pressure 24, card iac index 1.6, 
and  the ECG shows variations in amplitude. A 
bedside transthoracic echocard iogram shows 
right atrial collapse and  abnormal ventricular 
septal motion. Based  on the patient's presenta-
tion, the next best step  in management is to

(A)  add  norepinephrine
(B)  stop epinephrine and  start milrinone
(C)  return immediately to the operating 

room for reexploration of the chest
(D)  add  nitroglycerin
(E)  stat CT of the chest with pulmonary 

embolism protocol

138. An anesthetic consideration for Marfan syn-
drome is

(A)  atlanto-axial instability
(B)  aortic stenosis
(C)  possible d ifficult intubation
(D)  mitral regurgitation
(E)  ventricular septal defect (VSD)

139. A 29-year-old  male suffered a motorcycle crash 
and  is undergoing intramedullary nailing of 
the left femur. The accident occurred  24 h ago. 
Shortly after intram ed u llary reaming, the 
patient develops tachycardia, hypotension and  
hypoxemia. There are no ST-segment changes 
on the five-lead  EKG. What is the most likely 
finding on the patient's transesophageal echo-
card iogram?

(A)  Fluid  collection around the heart with-
out any d iastolic collapse

(B)  Regional wall motion abnormalities in 
the anterolateral wall of the left ventricle

(C)  Large color flow via the intra-atrial 
septum

(D)  Distended  right atrium and  ventricle, 
collapsed  left atrium and ventricle

(E)  Large color flow via the intraventricular 
septum

140. When PaCO2 and  pH  are managed  by the 
alpha-stat method during hypothermic cardio-
pulmonary bypass,

(A)  the corrected  pH is 7.4
(B)  ABG results will be corrected  to current 

patient temperature
(C)  the uncorrected  PaCO2 is 40 mm Hg
(D)  the corrected  PaCO2 is 40 mm Hg

141. A 77-year-old  woman with coronary artery 
d isease and significant aortic stenosis develops 
myocard ial ischemia shortly after induction of 
anesthesia. She is being treated  w ith beta 
blockers and nitroglycerin, and  her blood pres-
sure is being supported  with an infusion of 
norep inephrine. Throughout this event the 
patient's oxygen satu ration is 100%. The 
patient continues to be ischemic. What state-
ment about the use of an intraaortic balloon 
pump (IABP) in this patient is true?

(A)  An IABP is not ind icated  and  the patient 
should  be put on card iopulmonary 
bypass.

(B)  An IABP is contraind icated  because the 
patient has aortic stenosis.

(C)  An IABP should  be placed  immediately.
(D)  The tip of the IABP balloon has to be 

placed just distal to the coronary arteries.
(E)  An IABP is contraindicated  due to the 

risk of leg ischemia.

142. A 65-year-old  female with a history of severe 
aortic stenosis requ ires u rgent laparoscopic 
cholecystectomy. An important hemodynamic 
goal during anesthetic care is

(A)  decreased  afterload
(B)  slow heart rate
(C)  decreased  preload
(D)  high heart rate
(E)  decreased  contractility
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143. Cannon waves in the central venous pressure 
tracing

(A)  are caused  by atrial fibrillation
(B)  can be seen with atrioventricular nodal 

rhythms
(C)  result from left atrial contraction against 

the closed  mitral valve
(D)  will resolve with ventricular pacing
(E)  represent an artifact caused  by air in the 

pressure transducer system

144. The right lung, in the upright position

(A)  is the smaller of the two
(B)  has a single fissure
(C)  has three lobes
(D)  receives 45% of total lung blood flow
(E)  is less frequently involved  in aspiration 

compared  to the left

145. A 74-year-old  patient is to undergo for right-
sided thoracotomy for resection of lung cancer. 
The patient's past medical history is significant 
for myocard ial infarction four months ago at 
which time the patient underwent the place-
ment of tw o d rug-elu ting stents and  w as 
started  on antip latelet therapy with clopido-
grel. Accord ing to the patient's card iologist, 
the patient is to continue clopidogrel through-
out the perioperative period . The surgeon is 
requesting an analgesic strategy that would  
provide the patient with about 36 h of postop-
erative pain control to facilitate extubation and  
early mobilization. Which one of the following 
is the most effective and  safest method of anal-
gesia for this patient?

(A)  postoperative right intercostal block
(B)  lumbar epidural catheter
(C)  patient controlled  analgesia with IV 

opioid
(D)  thoracic epidural catheter
(E)  right paravertebral block via continuous 

catheter

146. A patient with severe COPD and severe pul-
monary hypertension is to undergo bilateral 
lung transp lant. The en-bloc d ouble-lung 
transplant, as compared  to bilateral sequential 
single-lung transplantation

(A)  has a decreased  need  for blood  
transfusions

(B)  has a lower incidence of ischemia at the 
site of tracheal anastomosis

(C)  results in a higher need  for card iopul-
monary bypass

(D)  is technically easier
(E)  does not require card iac arrest

147. A 68-year-old  patient is to undergo a Whipple 
procedure for resection of a tumor of the head  
of the pancreas. The patient's past medical his-
tory is significant for myocard ial infarction 
and  the placement of a bare metal stent, hyper-
tension, hypercholesterolemia, and COPD sec-
ondary to tobacco abuse. The p reoperative 
ECG is significant for a right bundle branch 
block, and  the preoperative TTE is significant 
for d iastolic dysfunction with an ejection frac-
tion of 45% as well as moderate to severe aortic 
regurgitation. In add ition to arterial blood  
pressure, a decision is made for intraoperative 
monitoring with a pulmonary artery catheter 
for estimation of left ventricular preload. Based  
on this patient's presentation, left ventricular 
preload  as assessed  by pulmonary artery cath-
eter measurements will likely be

(A)  underestimated  because of aortic regur-
gitation

(B)  overestimated  due to the right bundle 
branch block

(C)  underestimated  due to decreased  left 
ventricular compliance

(D)  underestimated  because the patient will 
be on positive pressure ventilation

(E)  accurately reflected  by LAP, LVEDP, and  
PAOP
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DIRECTIONS: Use the following figure to answer 
Questions 148-149:

148. A 58-year-old  male comes to the emergency 
department with d iffuse chest pain that is radi-
ating into his back. His past medical history is 
significant for tobacco and  alcohol abuse, 
hypertension, and  hypercholesterolemia, as 
well as peripheral vascular d isease. A workup 
for acute coronary syndrome is negative, and  
the patient undergoes CT imaging of chest and 
abdomen with IV contrast that reveals a thora-
coabdominal aneurysm that is deemed symp-
tomatic and the patient is scheduled to undergo 
urgent surgical repair. Based  on the drawing, 
which one of the following classifications of 
this patient's aneurysm is accurate?

(A)  Stanford  A
(B)  DeBakey II
(C)  Stanford  B
(D)  Crawford  I
(E)  Crawford  II

149. The risk of spinal cord  ischemia with surgical 
repair of this type of lesion is approximately

(A)  2%
(B)  10%
(C)  20%
(D)  30%
(E)  40%

150. An 82-year-old  p atien t w ith  an terior tw o-
vessel coronary artery d isease and  unstable 
angina is referred  by the card iologist for 
CABG. Her past medical history is otherwise 
significant for type I d iabetes, chronic renal 
insu fficiency, peripheral vascu lar d isease, 
COPD, and  atherosclerotic ascend ing aortic 
d isease. The card iac surgeon decides to per-
form off-pump CABG to the LAD and  the 
RCA. Considering this patient's comorbid ities 
and  the proposed  procedure, it is true that

(A)  minimally invasive coronary artery 
bypass grafting would  be a suitable 
alternative

(B)  the surgeon will require a stabilization 
device for the d istal anastomoses

(C)  cooling of the patient is required  as part 
of the procedure

(D)  hemodynamic goals are easier to 
achieve as compared  to CABG with car-
d iopulmonary bypass

(E)  the use of propofol for maintenance of 
anesthesia will result in equivalent myo-
card ial protection as compared  to vola-
tile anesthetics

151. The patient population most likely to benefit 
from transcatheter aortic valve implantation is

(A)  children and  young adults with congen-
ital, noncalcific aortic stenosis

(B)  adult patients with severe aortic 
regurgitation
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(C)  asymptomatic adult patients with calcific 
aortic stenosis and  severe obstruction

(D)  adult patients with symptomatic severe 
aortic stenosis deemed too high risk for 
surgery

(E)  adult patients with symptomatic severe 
aortic stenosis without other associated  
comorbid ities

152. A 60-year-old  female w as admitted  with a 
large goiter and  a history of hoarseness. An 
incidental find ing on the chest x-ray was tra-
cheal deviation with questionable narrowing 
of the tracheal lumen. After induction w as 
complicated  by a d ifficult intubation requiring 
multip le attempts, the thyroid  was removed  
with some d ifficulty and  at the end  of the pro-
cedure the patient was breathing spontane-
ously. Immediately after extubation, breathing 
was labored  and  retraction was noted . Causes 
of this may include all of the following EXCEPT

(A)  bilateral recurrent laryngeal nerve 
injury

(B)  laryngospasm
(C)  tracheal collapse
(D)  bronchospasm
(E)  thyrotoxicosis

153. Hypoxic pulmonary vasoconstriction

(A)  occurs when regional atelectasis 
mechanically obstructs blood  flow

(B)  is primarily triggered  by alveolar carbon 
d ioxide tension

(C)  leads to d iversion of blood away from 
poorly ventilated  areas of the lung

(D)  is potentiated  by administration of 
nitrous oxide

(E)  is augmented  by an increase in pulmo-
nary artery pressure

154. At the conclusion of an aortic aneurysm repair 
associated  with significant blood  loss, d iffuse 
bleeding and  the absence of clot formation is 

noted  in the surgical field . A thromboelasto-
gram shows decreased  maximum amplitude. 
The appropriate treatment includes adminis-
tration of which one of the following?

(A)  Protamine
(B)  Cryoprecipitate
(C)  Fresh frozen plasma
(D)  Aminocaproic acid
(E)  Platelets

155. Structures that pass anteriorly to the trachea 
include all of the following EXCEPT

(A)  pulmonary artery
(B)  thyroid  isthmus
(C)  innominate artery
(D)  aortic arch
(E)  left brachiocephalic vein

156. Indications for one-lung ventilation include all 
of the following EXCEPT

(A)  infection with purulent secretions
(B)  massive pulmonary hemorrhage
(C)  bronchopleural fistu la
(D)  unilateral bronchopulmonary lavage for 

alveolar proteinosis
(E)  Ivor-Lewis esophagectomy

157. During awake, closed  chest ventilation in the 
lateral decubitus position,

(A)  the lung relationships are the same as in 
the semirecumbent position, i.e., the 
apex is in zone 1 and  the bases are in 
zone 3

(B)  ventilation is highest at the apex
(C)  perfusion is greater in the nondepen-

dent lung
(D)  compliance is unequal in the two lungs
(E)  the nondependent lung receives most of 

the tidal ventilation
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158. A 35-year-old  man is admitted  to the emer-
gency department follow ing an au tomobile 
accident. It is noted  that there is a contusion 
over the anterior thorax, he is tachypneic, and  
he has a scaphoid  abdomen. Auscu ltation 
reveals poor breath sounds on the left side. 
Chest x-ray shows a large air cavity in the left 
side of the thorax. Blood pressure is 80/ 60, and 
heart rate is 120 per minute. Diagnoses that 
must be considered include all of the following 
EXCEPT

(A)  ruptured  spleen
(B)  pneumothorax
(C)  d iaphragmatic hernia
(D)  card iac contusion
(E)  fat embolism syndrome

159. A 69-year-old  woman is scheduled  for routine 
CABG. Since her preoperative cardiac catheter-
ization, her platelet count has d ropped from 
312 to 252 ×  103/ mm 3. A heparin-induced  
thrombocytopenia (H IT) immunoassay has 
been ordered  and  it resulted  in a positive HIT 
antibody. She has a large bruise at the site of 
her catheterization. There are no signs of deep 
venous thrombus or any other thrombotic 
events. You should

(A)  delay surgery for 2 months
(B)  proceed  with surgery and  use a d irect 

thrombin inhibitor instead  of heparin
(C)  proceed  with surgery and  use 

heparin
(D)  use only 50% of the regular heparin 

dose and  proceed  with surgery
(E)  use a combination of warfarin and  low-

dose heparin to achieve adequate anti-
coagulation

160. A 73-year-old  patient is undergoing emergent 
three-vessel CABG for symptomatic left main 
coronary artery d isease. Upon completion of 
the surgical procedure, the patient develops 

the need  for high dose inotropic support, and  
the decision is made to implant a left ventricu-
lar assist device (LVAD) to facilitate weaning 
from card iopu lmonary bypass (CPB). After 
d iscontinuation of CPB, the patient is noted  to 
be hypotensive w ith low  pump flow  rates 
apparent on the LVAD device. Immediate TEE 
examination does not show any evidence of 
inflow cannula obstruction, but is significant 
for systolic collapse of the right atrium and 
d iastolic collapse of the right ventricle. The 
ECG shows low QRS voltage. The most likely 
cause for this patient's hypotension is

(A)  graft failure
(B)  acute hypovolemia
(C)  right ventricular failure
(D)  pulmonary embolus
(E)  pericard ial tamponade

161. The advantages of u ltrasound-guided  central 
venous catheter placement, as compared to the 
landmark technique, include all of the follow-
ing EXCEPT

(A)  prevention of arterial injury
(B)  d irect visualization of the target 

vessel
(C)  decreased  time required  for internal jug-

ular vein catheterization
(D)  decreased  number of attempts 

required
(E)  decreased  overall complication rate

DIRECTIONS (Questions 162-164): Each group of 
items below consists of lettered  headings followed 
by a list of 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  fill in the circle containing the 
corresponding letter on the answer sheet. Each let-
tered  head ing or component may be selected  once, 
more than once, or not at all.
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For each patient, select the appropriate d iagram of 
the heart sounds.

162. A 64-year-old  patient with a history of rheu-
matic fever presenting for elective aortic valve 
replacement.

163. A 21-year-old  female w ith Down syndrome 
and  echocard iographic evidence of right ven-
tricular overload .

164. A 70-year-old  male with a 60 pack-year history 
of smoking and  a history of pneumonectomy 
for lung cancer with mild  respiratory insuffi-
ciency and  evidence of right ventricular strain 
on echocard iography.

DIRECTIONS (Questions 165-174): Each group of 
items below consists of lettered  head ings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 

lettered  heading or component that is most closely 
associated  with it. Each lettered  head ing or compo-
nent m ay be selected  once, m ore than once, or not 
at all.

(A)  Mid-esophageal four chamber
(B)  Mid-esophageal two chamber
(C)  Mid-esophageal long axis
(D)  Transgastric two chamber
(E)  Transgastric mid-papillary short axis
(F)  Mid-esophageal aortic valve short axis
(G)  Mid-esophageal aortic valve long axis
(H)  Mid-esophageal bicaval
(I)  Mid-esophageal right ventricular 

inflow-outflow
(J)  Deep transgastric long axis
(K)  Upper esophageal aortic valve short axis
(L)  Upper esophageal aortic valve long axis
(M)  Transgastric long axis
(N)  Mid-esophageal ascend ing aortic short 

axis
(O)  Mid-esophageal ascend ing aortic long 

axis

For each photograph of a transesophageal echocar-
d iogram, select the standard , two-d imensional 
tomographic view.

165.
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166.

167.

168.

169.

170.

171.
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172.

173.

174.
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Answers  and Explana tions

94.  (A) The best next step in management is to ini-
tiate artificial card iac pacing, either via pacer 
cables still in situ , or via transcutaneous pads. 
Indications for artificial pacing include, but are 
not lim ited  to: SA node dysfunction w ith 
symptomatic bradycard ia as described  in this 
case, junctional rhythm that can sometimes be 
corrected  by means of overdrive pacing, symp-
tomatic chronotropic incompetence, and  atrial 
fibrillation  w ith  brad ycard ia and  pau ses 
greater than 5 sec. In settings outside the car-
d iac ICU, ad m inistration of chronotrop ic 
agents such as epinephrine might be ind icated  
on a temporary basis as a bridge to pacer ther-
apy. (6:1876)

95.  (E) No pharmacological alternative meets both 
goals. (6:2235)

96.  (B) The inferior wall of the left ventricle is sup-
plied  by the right coronary artery and  is most 
apparent in leads II, III, and  AVF. (6:1836)

97.  (C) An incompetent tricuspid  valve permits 
right ventricular pressure to be transmitted  to 
the right atrium, causing increased  amplitude 
of the v wave. Increased a waves occur in heart 
block and  junctional rhythm, while a waves 
are absent in atrial fibrillation. (5:409; 6:1905)

98.  (D) At 17°C, cerebral oxygen consumption is 
reduced to about 8% of the normothermic value 
and, while metabolic activity is decreased, cel-
lular integrity is maintained. This accounts for 
the brain's tolerance to modest periods of car-
diac arrest during hypothermia. Both cerebral 
blood  flow and  electrical activity decrease 
during hypothermia. (6:166)

99.  (C) The external noninvasive units are ven-
tricu lar pacing devices. (1:896; 4:817; 5:1084; 
6:72)

100.  (D) The patient described in this vignette likely 
has med iastinitis from esophageal rupture, 
acute lung injury, and  very little, if any, toler-
ance for apnea during airway instrumentation. 
The safest choice among the options listed  to 
secure the airway and  be able to provide single 
lung ventilation is rapid-sequence induction, 
followed  by placement of a Univent tube. The 
Univent is a single lumen tube with built in 
bronchial blocker that passes through a small 
channel w ithin the wall of the endotracheal 
tube. Other choices would  include the Arndt, 
or Cohen, endobronchial blockers, that are 
gu id ed  w ith fiberop tic bronchoscopy, or a 
wire-guided  mechanism respectively. If a dou-
ble-lumen tube is chosen, a left-sided  double-
lumen tube is the tube of choice, how ever 
unlikely to be tolerated  by this patient due to 
baseline hypoxemia. Placement of a standard  
single-lumen tube is unlikely to result in ade-
quate lung separation, thus making surgical 
exposure far more d ifficult. (5:967, 985)

101.  (E) Of the anticholinergic agents, glycopyrro-
late and scopolamine are better antisialagogues 
than atropine. The other medications listed  are 
cholinesterase inhibitors that have increased  
salivation as a major side effect. (5:973)

102.  (A) CPAP with oxygen to the collapsed  lung 
will decrease shunt and  improve the hypox-
emia. The remaining choices B, C, and  D are 
listed  in the order the clinician should  proceed  
if application of CPAP to the non-dependent 
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lung does not resolve the hypoxemia. Option 
E would likely be less effective, and might lead 
to overd istention of the operative lung. (5:972)

103.  (B) Shivering is blocked  with muscle relaxants 
du ring warming and  cooling bu t does not 
occur in very cold  muscle. (5:908)

104.  (E) Nitroglycerin is metabolized to nitric oxide, 
an activator of guanylate cyclase in vascular 
smooth muscle. The enzyme produces intracel-
lu lar cyclic-GMP. The cyclic-GMP is degraded  
by a specific phosphodiesterase (PDE-5) that is 
inhibited  by sildenafil. Profound hypotension 
can occur when a sublingual dose of nitroglyc-
erin is given within several hours of an oral 
dose of sildenafil. Intravenous nitroglycerin 
must be slowly titrated  in that setting. (1:752; 
6:2025)

105.  (E) Magnets cause most pacemakers to pace 
asynchronously at a preset rate, however some 
devices may be deactivated  permanently and  
have to be reprogrammed . Magnets do not 
affect the pacing rate of ICD's. Since newer 
devices are very complex, the use of magnets 
should  be reserved  for emergency situations, 
and  the devices have to be interrogated  after 
completion of surgery. The ind ifferent p late 
should  be placed  away from the pacemaker or 
ICD. If the pacer is in demand  mode, it may 
sense the cautery current as depolarization and  
shut off. (5:63, 1281)

106.  (B) This patient has symptoms consistent with 
superior vena cava (SVC) syndrome. In addi-
tion to the symptoms described  in (B), these 
patients may have multiorgan involvement 
including neurologic, respiratory, card iac, gas-
trointestinal, and  renal symptoms. The other 
find ings described  here might be found in a 
patient with thoracic outlet syndrome in (A), 
congestive heart failure in (C), acute asthma or 
a COPD exacerbation in (D), and hyperventila-
tion syndrome in (E). (5:993-4; 6:2185)

107.  (D) Patients w ith SVC syndrome should  be 
kept upright to facilitate venous drainage of 
the upper vessels, and  if a general anesthetic 
is requ ired  be induced  w hile maintaining 

spontaneous respirations due to the high risk 
of airway compression and  card iovascular col-
lapse resu lting from the loss of muscle tone 
associated  w ith  ad m inistration of muscle 
relaxants and  the sup ine position. In many 
cases these patients require fiberoptic intuba-
tion. Due to the impaired  venous d rainage 
from the SVC to the heart, intravenous lines 
shou ld  be p laced  in the low er extremities. 
(5:993-4)

108.  (B) With modern pacemaker units, the energy 
output is so low that there is little danger of 
fibrillation. However, ventricular fibrillation is 
more common in the patient with a high cate-
cholamine concentration, myocard ial infarc-
tion, or hypoxemia. (6:1899)

109.  (D) The intraaortic balloon pump is deflated  
during systole. It is rap id ly inflated  during 
d iastole, thereby increasing coronary blood  
flow. It decreases impedance to left ventricle 
ejection. It is contraind icated  in the patient 
with aortic insufficiency. (6:2235-6)

110.  (B) Clamping of the thoracic aorta leads to an 
im m ed iate increase in  blood  p ressu re. 
Assuming the heart can withstand  the mark-
edly increased  afterload , there should  not be 
standstill or hypotension. Blood pressure read -
ings may be lost in the left arm, but the pulse 
in the right arm should  be present, depending 
on the placement of the clamp relative to the 
take-off of the vessels to the arms. (5:1025-7)

111.  (D) A complication of aortic surgery is spinal 
cord  ischemia due to compromise of the rad ic-
ular arteries. These arteries are not constant, 
and  the large artery to the spine, the artery of 
Adamkiewitz, may be compromised leading to 
ischemia. Pressure on the cord  can also lead  to 
ischemia. H ypothermia may be p rotective. 
Loss of cerebrospinal fluid  is not a factor. Long 
periods of hypotension may lead  to ischemia. 
(5:1025-8)

112.  (E) The expansion of the vascu lar bed  that 
occurs follows the release of the clamps. It is 
due to a reactive vasod ilatation. Other factors, 
such as blood loss, inadequate fluid replacement, 
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vasoactive drugs, and  extravasation of flu id , 
are all important. (5:1028-9)

113.  (C) The flow rate on total bypass can be varied  
to achieve the perfu sion p ressu re that is 
desired . This must be varied  with the state of 
resistance. (5:899)

114.  (A) When the patient is on bypass, the pressure 
is usually kept above 50 mm Hg. Lower pres-
sures can be tolerated , but there is no agree-
m ent on any specific perfu sion p ressu re. 
(5:899)

115.  (A) The overrid ing goals of anesthetic care for 
carotid  end arterectomy (CEA) su rgery are 
hemodynamic stability and prompt emergence 
from anesthesia at the conclusion of the proce-
d ure to facilitate neurologic exam ination. 
There is universal agreement that the patient's 
blood  pressure should  be maintained  at, or 
20% higher, than the highest recorded  awake 
blood pressure to maintain adequate collateral 
cerebral perfusion during carotid  clamping. 
Experience with processed  EEG monitors such 
as the BIS is still lacking, and  the raw EEG pro-
vides higher sensitivity for the detection of 
intraoperative cerebral ischemia. There is no 
conclusive evidence in the literature suggest-
ing an advantage of volatile anesthetics over 
p ropofol w ith  regard  to brain  p rotection 
during CEA. Preoperative clamp tests are not 
ind icated , and  general anesthesia compared  to 
regional anesthesia appears to result in identi-
cal outcomes, with the possible exception of 
patients w ith contralateral carotid  occlusion 
who might benefit from regional anesthesia. 
(5:1018-21)

116.  (C) Wall motion abnormalities detected by TEE 
generally p reced e ischem ic ST-changes 
detected  on ECG. None of the other options is 
su itable for the detection of intraoperative 
ischemia. (5:1867)

117.  (A) Strategies to mitigate the risk of spinal cord  
ischem ia in  this high-risk patient includ e 
placement of a lumbar drain, as well as neuro-
physiologic monitoring such as SSEP's or 
MEP's. Intraoperative EEG monitoring will not 

provide information about sp inal cord  isch-
emia, and  is considered  the gold  standard  for 
monitoring the brain during CEA. Hypotension 
is to be avoided since it would  increase the risk 
of ischemia. DHCA is a technique employed  
during open repair or replacement of the tho-
racic aorta. Patients und ergoing successfu l 
stent graft repair of the thoracic aorta are rou-
tinely extubated  at the end  of the procedure, 
and  a high-dose opioid  technique does not 
p rovide sp inal cord  protection. (5:915, 940, 
1019)

118.  (C) The hemodynamic goals for this patient 
should  include a slow heart rate and  augmen-
tation of preload  to ensure preservation of for-
w ard  flow  throu gh the stenosed  valve. 
Tachycard ia and  increase in afterload  and  con-
tractility cou ld  decrease card iac ou tpu t and  
increase myocard ial oxygen demand  respec-
tively. (5:910)

119.  (C) Esophagectomy patients are generally mal-
nourished. They are at risk for aspiration, since 
esophageal function is frequently compro-
mised . Their pu lmonary function is equal 
between their lungs, and  thus they are more 
likely to have a significant shunt during one-
lung ventilation. The surgery is more extensive 
than most thoracotomies, and  the patients 
more frail, so postoperative ventilation is 
common. (5:983)

120.  (E) The larynx lies at the level of the 3rd--6th 
cervical vertebrae, and  in the adult, the nar-
rowest portion is at the level of the vocal cords. 
The larynx is innervated  by the recurrent 
laryngeal nerve and  the superior laryngeal 
nerve. It lies within the thyroid  cartilage. The 
wide margin of the cricoid  cartilage is poste-
rior. (5:548)

121.  (D) The innominate artery passes anterior to 
the trachea and  can be compressed  by the 
mediastinoscope. The right subclavian artery 
is a branch of the innominate artery, while the 
left subclavian artery comes off the aorta 
d irectly and  does not cross in front of the tra-
chea. Compression of flow in the innominate 
w ill also obstruct flow to the right carotid  
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artery, and  may compromise cerebral perfu -
sion in patients with cerebrovascular d isease 
or an incomplete circle of Willis. Air in the 
mediastinum should  have little hemodynamic 
effect. Card iac arrest, superior vena cava 
obstruction, and  anesthetic overdose can all 
cause pulselessness, but rarely as suddenly or 
reversibly. Having a monitor of perfusion on 
the other arm, such as an oximeter probe, can 
help  d ifferentiate innominate compression 
from other causes of circulatory compromise. 
(5:988)

122.  (E) In any patient with hoarseness and  a docu-
mented  supraglottic mass, it is mandatory to 
establish the airway before proceed ing with 
the anesthesia. Awake fiberoptic intubation, 
awake tracheostomy (all with topical anesthe-
sia), or spontaneou s ventilation w ith  an 
inhaled  anesthetic are the only safe methods. 
(5:1234-5)

123.  (D) Aspiration is possible, since the esophagus 
may contain barium from the examination as 
w ell as other oral intake. The esophagus 
should be suctioned before induction, although 
the thick barium suspension may not be com-
pletely removed. (5:983)

124.  (C) By clamping at 5, gas cannot flow into the 
left lumen, and thus to the left lung. Uncapping 
at 3 allows the gas in the left lung to escape. 
Clamping at 1 would  prevent flow to the left 
side, but uncapping would  cause a leak in the 
anesthetic circuit. Assuming good tube posi-
tion and  isolation, the handedness of the tube 
doesn't matter. (5:963-5)

125.  (D) Through position 4, one is looking down 
the right lumen. From the right lumen, no left 
lung segmental bronchi can be seen with any 
type of p roperly positioned  d ouble-lumen 
tube. The right lumen w ill be the tracheal 
lumen on a left-sided  tube, in which case the 
carina can be seen. (5:965)

126.  (B) All the steps are correct for ventilating via 
the left lumen while pouring flu id  into the 
right lumen excep t that clamping at 2 w ill 

block the flu id  flow. The cuffs should  be up to 
ensure lung isolation. (5:978)

127.  (D ) Clamping at 6 isolates the right lung. 
(5:963-5)

128.  (D) The Arndt bronchial blocker can be used in 
patients who are already intubated , so there is 
no need  to change the endotracheal to a dou-
ble-lumen tube should  one-lung ventilation be 
required . It can also be used  for patients with 
a d ifficu lt airway and  patients w ith trauma 
who require one-lung ventilation. The Univent 
tube is a single lumen endotracheal tube with 
an integrated , movable bronchial blocker. The 
Sengstaken-Blakemore tube is an esophageal 
device used  for temporary control of intracta-
ble variceal bleed ing. (5:967)

129.  (A) Positive pressure ventilation does not have 
to be interrup ted  d uring p lacement of the 
bronchial blocker because of the multiport 
adapter that will accommodate the breathing 
circu it, a fiberop tic bronchoscope and  the 
endobronchial blocker. The device has to be 
p laced  under fiberoptic bronchoscopic guid -
ance and  its use is not limited  to only the left 
or right lung. If the patient continues on 
mechanical ventilation upon conclusion of sur-
gery, the endobronchial balloon is deflated  and 
the device removed  while the endotracheal 
tube remains in place. (5:967)

130.  (D ) The carbon d ioxid e tension rises abou t 
6 mm Hg during the first minu te of apneic 
oxygenation and  about 3-6 mm Hg per minute 
thereafter. It will rise more quickly in individu-
als with a low FRC. All arrhythmias are not 
due to hypoxemia but may be due to increased  
catecholamines. These in turn may be increased  
due to increased  carbon d ioxide. Pulse oxim-
etry has been of definite benefit in these proce-
dures. (5:551)

131.  (A) The Thebesian veins are the smallest veins 
in the heart and  drain d irectly into the ventri-
cles, whereas the remainder of the coronary 
arterial blood is drained via the venous system 
into the coronary sinus and  eventually into the 
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right atrium. All other op tions are correct. 
(5:902, 951)

132.  (B) The hemodynamic goal of anesthetic care 
is the reduction of the regurgitant fraction that 
can be achieved  by augmentation of preload , 
mild ly increased heart rate (i.e., administration 
of low-dose glycopyrrolate), and  avoidance of 
increased  afterload . (5:910)

133.  (B) Administration of high-dose fentanyl will 
result in bradycard ia, but blood  pressure will 
remain relatively stable. Fentanyl, as opposed  
to morphine, does not release histamine. The 
card iac output will decrease to a mild  degree. 
Morphine-ind uced  changes are more p ro-
nounced . (5:711-2)

134.  (D) While some of the pharmacological strate-
gies mentioned  have been shown to preserve 
renal function in animal models, this has not 
been conclusively shown in humans. Among 
the strongest predictors of postoperative renal 
dysfunction is aortic cross clamp time, particu-
larly if the aorta is clamped  for more than 50 
min. Of note, even the infrarenal location of the 
aortic cross clamp can cause changes in renal 
blood flow that in turn can contribute to post-
operative renal dysfunction. The most signifi-
cant progress in prevention of acute kidney 
injury during aortic surgery has come from the 
w idespread  adoption of endovascu lar tech-
niques. (5:1027-8)

135.  (C) The rise in PA pressure is due to left ven-
tricular dysfunction resulting in a rise in left 
ventricu lar end  d iastolic pressure (LVEDP). 
The goal in this situation is to decrease LVEDP, 
which will translate into lower PA pressures, 
in order to improve myocard ial perfusion. 
N itroglycerin  ind u ces venod ilation, thu s 
decreasing ventricular filling, transmural pres-
sure, and  myocard ial work. A side effect of 
nitroglycerin is hypotension that is counter-
productive and  often treated  simultaneously 
with phenylephrine. While milrinone decreases 
PA pressure it leads to an increase in myocar-
d ial oxygen  consu m p tion . N itric oxid e 
decreases the PA pressure as well, but it might 
not have a significant effect on LVEDP. Since the 

patient in this vignette is neither hypoxic nor 
hypercarbic, increased ventilation and oxygen-
ation are unlikely to decrease PA pressure. 
(1:747-55)

136.  (B) Tachycard ia in patients w ith coronary 
artery d isease is controlled  with beta blockers. 
They decrease heart rate and  myocard ial con-
tractility, resulting in better coronary perfusion 
and  less oxygen demand. Observation only is 
not indicated . Nicardipine may lower the heart 
rate, but does not reduce contractility. (1:326)

137.  (C) This patient has the symptoms of immedi-
ate postoperative card iac tamponade: hypo-
tension , tachycard ia, equ alization  and  
elevation of PA d iastolic pressure and  CVP, 
and  low card iac index. While norepinephrine 
might help  to support the blood  pressure, it 
delays definitive care. Milrinone would  add  to 
the hypotension, and  so would  nitroglycerin. 
Chest CT is not ind icated  based  on the hemo-
dynamic abnormalities and would  delay defin-
itive therapy. (5:458, 913; 6:1975)

138.  (C) Marfan syndrome is associated  with aortic 
changes making d issection more common. 
Hypertension should  be avoided . The high-
arched  palate may make intubation more d if-
ficu lt. Aortic stenosis is not seen, bu t aortic 
insufficiency is common. Atlanto-axial insta-
bility and/ or ventricular septal defect are seen 
with congenital syndromes such as Down and 
achondroplasia. (5:271-2)

139.  (D) The most likely d iagnosis is fat embolism 
synd rome. The typ ical TEE pictu re for any 
large (pu lmonary) embolus is an overfilled  
right side of the heart, and  significantly under-
filled  left side. Fluid  around the heart is ind i-
cating a pericard ial effusion or tamponade; 
this patient is already 24 h post-trauma and  
there is no collapse of the patient's heart cham-
bers that renders the d iagnosis of tamponade 
unlikely. Regional wall motion abnormalities 
ind icate a possible ischemic event that is 
unlikely due to this patient's age and  the lack 
of ST-changes on a 5 lead  EKG. Large color 
flows across the sep ta on echocard iography 
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indicate an ASD or a VSD that are unlikely to 
appear acutely in this situation. (5:1203)

140.  (C) The other responses pertain to the pH-stat 
method. (5:532)

141.  (C) Because pharmacologic attempts at revers-
ing ischemia have failed , insertion of an 
intraaortic balloon is ind icated . The treatment 
of myocard ial ischemia includes correcting the 
hemodynamics (slow-normal heart rate, high-
normal blood  pressure, and  lowering of the PA 
pressure) and  treatment of severe anemia and  
hypoxemia. Since the event occurred  shortly 
after induction, large blood  loss and  severe 
anemia are unlikely. Immediate initiation of 
card iopulmonary bypass in this situation is an 
option, but is impractical since the surgery is 
just beginning. Absolute contraind ications for 
p lacement of an IABP are aortic regurgitation 
and  aortic d issection. The pump can be placed  
with the help of TEE, x-ray or even by approx-
imation, if TEE and x-ray are not available. The 
tip  of the balloon has to be placed  in the proxi-
mal thoracic aorta just d istal to the left subcla-
vian artery. IABP therapy may cause leg 
ischemia, however in this situation the benefits 
of IABP (increased  coronary blood  flow) out-
weigh the potential for leg ischemia, for which 
the patient needs careful postoperative obser-
vation. (6:2234-5; Kar B, et al., Circulation 2012; 
125:1809-17).

142.  (B) Slow heart rate and  maintenance of after-
load are the hemodynamic goals for the patient 
w ith severe aortic stenosis, while decreased  
afterload  and  higher heart rate are preferred  in 
patients with aortic and  mitral regurgitation. 
Decreased  contractility is desired  in hypertro-
phic obstructive card iomyopathy (HOCM) to 
avoid  left ventricu lar ou tflow  obstruction. 
(5:910)

143.  (B) Cannon w aves appear w hen the right 
atrium contracts after closure of the tricuspid  
valve, and  is not due to artifact. The a-wave is 
not present with atrial fibrillation and  can be 
caused  by ventricu lar pacing and  resu lting 
AV-d issociation . Effective restoration  of 
AV-synchrony with atrial or AV-pacing will 

restore the normal CVP trace. Loss of the atrial 
component of ventricular filling during junc-
tional rhythm may be poorly tolerated . (5:409;
6:1823)

144.  (C) The right lung is the larger of the two. It 
has three lobes (upper, middle, and  lower) and 
two fissures (horizontal and  oblique). Since it 
is the larger of the two, it receives 55% of total 
blood flow. Since the axis of the right mainstem 
bronchus is more in line with the trachea, the 
right lung is more frequently involved  in cases 
of aspiration as compared  to the left. (5:951, 
959, 1002)

145.  (E) Because the patient is on antiplatelet ther-
apy with clopidogrel, neuraxial techniques are 
contraind icated . An intercostal block will only 
last from 4–8 h; an intrapleural catheter would  
be more suitable but is not listed  as an option 
in the question. IV PCA is unlikely to provide 
the same level of analgesia and  is associated  
with greater side effects as compared to a para-
vertebral catheter that is considered  safe in 
patients on antiplatelet therapy. (5:1007-8)

146.  (C) With the exception of option C, all of the 
op tions listed  are ad vantages of bilateral 
sequential single-lung transplantation that has 
the additional advantage of not requiring full 
anticoagulation. (5:1091)

147.  (A) Left ventricular preload  in this patient will 
likely be underestimated due to aortic regurgi-
tation, which leads to a d iscrepancy between 
LAP and  LVEDP, due to continued  ventricular 
filling after mitral valve closure. A right bundle 
branch block and decreased  pulmonary vascu-
lar bed  such as in COPD will also make under-
estimation of left ventricu lar p reload  more 
likely, while positive pressure ventilation and  
decreased  left ventricular compliance will lead 
to overestimation of left ventricu lar preload . 
(5:414-5)

148.  (E) The figu re show s a thoracoabd ominal 
aneurysm classified  as Crawford  type II that 
involves the entire descending thoracic aorta 
with extension across the d iaphragm through 
the abdominal aorta to the aortic bifurcation. 
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Stanford  A and  B as well as BeBakey I through 
III are classifications of aortic d issections. 
(5:918; 6:2063)

149.  (C) The risk of spinal cord  ischemia with either 
open or endovascular repair is approximately 
20% for this type of lesion. (5:917)

150.  (B) While off-pum p  CABG is a su itable 
approach for anterior, inferior, and  lateral ves-
sels, minimally-invasive CABG, utilizing the 
internal thoracic (mammary) artery, is suitable 
for one- or two-vessel d isease on the left side 
of the heart. While the hemodynamic goals for 
patients undergoing CABG with cardiopulmo-
nary bypass, and  those undergoing off-pump 
CABG are the same, they are harder to attain 
with the latter approach due to the mobiliza-
tion of the heart that may cause arrhythmia 
and  hemod ynam ic instability, particu larly 
when the d istal anastomoses are performed . 
Myocard ial protection appears to be better 
w ith the use of volatile anesthetics as com-
pared  to propofol, reflected  in less myocard ial 
injury in the first 24 h postoperatively. Patients 
undergoing off-pump CABG procedures are 
kept normothermic. (5:907-8)

151.  (D) Current indications for transcatheter aortic 
valve implantation include adult patients with 
severe aortic stenosis deemed too high risk for 
surgery. The procedure is currently being eval-
uated  as an  alternative to reoperation in 
patients with prosthetic valve failure not due 
to paravalvular regurgitation. The patient pop-
u lation d escribed  in  op tion A is u sually 
referred for percutaneous balloon aortic valvu-
lop lasty, while asymptomatic patients w ith 
severe obstruction are usually followed care-
fu lly w ith serial echocard iograms until they 
meet operative criteria. (6:1941)

152.  (E) Nerve injury is common with d ifficult d is-
sections. Laryngospasm may be present due to 
secretions or injury to the vocal cords during 
d ifficult intubation. Tracheal collapse may be 
present due to tracheomalacia. Bronchospasm 
may be a reason for the dyspnea due to airway 
sensitivity. While thyrotoxicosis can cause 
resp iratory failu re second ary to increased  

p roduction of carbon d ioxide and  increased  
work of breathing, its onset would  be more 
gradual. (5:151, 575-6)

153.  (C) H ypoxic pu lm onary vasoconstriction 
(HPV) is a constriction of pulmonary arteries 
in response to alveolar hypoxia. Atelectatic 
lungs have identical degrees of HPV to those 
ventilated  with nitrogen, excluding mechani-
cal factors. HPV can occur in denervated  lungs 
(e.g., after  transp lan tation). H yp ocap nia 
decreases HPV, but hypercapnia has no effect. 
H ypoxia is the p rim ary trigger of H PV. 
Alkalosis and  acidosis both decrease HPV, as 
does administration of nitrous oxide. The pul-
monary vasoconstrictor response to hypoxia is 
decreased  with increases in pulmonary artery 
pressure, card iac output, left atrial pressure, or 
central blood  volume. (5:612-3, 967-70)

154.  (E) A thromboelastogram (TEG) measures the 
clot strength over time. The amplitude of the 
graph refers to the clot strength at a given time 
d u ring the clot form ation. The maximum 
strength (or amplitude) correlates with platelet 
function. Protamine would  be given to reverse 
the effects of heparin. To d ifferentiate between 
the effects of heparin administered  intraopera-
tively and  other causes of coagulopathy, two 
TEG samples need  to be analyzed: one with, 
and one without, heparinase. Plasma and cryo-
precipitate would  be ind icated  for slow onset 
and  slow formation of clotting on the TEG, 
respectively (prolonged  R-value and  d imin-
ished  angle A). Aminocaproic acid  is adminis-
tered  for states of hyperfibrinolysis. (5:194)

155.  (A) The pu lmonary artery is caudal to the 
carina. (5:988)

156.  (E) The other options are indications for one-lung 
ventilation. In the setting of infection with puru-
lent secretions, the goal is to avoid spillage and  
contamination of the contralateral lung. During 
surgery for bronchopleural fistula, the goal is to 
control the distribution of ventilation to the unaf-
fected  lung. Other procedures with high prior-
ity for one-lung ventilation include thoracic 
aortic aneurysm repair, pneumonectomy, upper 
lobectomy and  video-assisted  thoracoscopic 
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surgery (VATS), however the indication is not 
absolute. (5:963, 1038)

157.  (D) In the lateral position, lung relationships 
change. While there are three d istinct zones as 
in the upright patient, these are d istribu ted  
along a vertical grad ient in the lateral position. 
Perfusion is therefore greater in the dependent 
lung that also receives most of the tidal ventila-
tion. Compliance d iffers between the lungs 
because the dependent lung is at a lower FRC 
due to the weight of the abdominal contents 
and  med iastinum . The d epend ent alveoli 
therefore are on the steep portion of the trans-
pu lmonary p ressu re-alveolar volume curve 
that explains their greater share of the tidal 
ventilation (5:961-2)

158.  (E) In the patient w ith blunt anterior chest 
injury, respiratory d istress, and  hypotension, 
all of the d iagnoses listed  with the exception of 
option E must be considered . Fat embolism 
syndrome is more likely to affect patients with 
major low er extremity or pelvic fractu res. 
(5:1351, 1362)

159.  (C) Surgery should  proceed  with using hepa-
rin. It remains the first-line anticoagulant for 
patients undergoing card iac surgery and  can 
be readily reversed  with protamine at the con-
clusion of surgery. The patient described in this 
vignette does not fit the d iagnosis for HIT. The 
large hematoma described  might explain the 
d rop  in p latelets that is less than 50% from 
baseline. Antibod y seroconversion in  the 
absence of clinical signs does not confirm the 
d iagnosis of HIT. The patient's surgery should  
not be delayed nor should  alternative methods 
of anticoagulation be pursued . Direct throm-
bin inhibitors such as argatroban and  bivaliru-
din cannot be reversed. Lower doses of heparin 
are not ind icated , and  would  increase the risk 
of clotting within the card iopulmonary bypass 
machine. (5:900)

160.  (E) The most common causes for hypotension 
in the setting of low LVAD pump flow rates in 
add ition to inflow cannu la obstruction are 
options B through E. The latter is most likely in 
this scenario given the TEE findings as well as 

the low voltage ECG. Additional find ings on 
TEE evaluation may include pericard ial effu-
sion as well as equalization of chamber pres-
sures on pulmonary artery catheter monitoring. 
Graft failure is less likely based  on the scenario 
given. (5:925)

161.  (A) The use of u ltrasound technology, while 
provid ing several advantages, does not com-
p letely p revent arterial inju ry. A thorough 
understanding of anatomy as well as formal 
training in u ltrasound technique is paramount 
in  avoid ing these types of com plications. 
(5:411)

162.  (D) Depicted  here is reversed  or paradoxical 
splitting of the second  heart sound  that can be 
found  in aortic stenosis, as w ell as LBBB. 
Examination find ings consistent with severe 
AS would  include parvust et tardus carotid  
upstrokes, a late-peaking grade 3 or greater 
midsystolic murmur, as soft A2, a sustained  LV 
apical impulse, and  an S4. (6:1827-8)

163.  (B) The patient has a congenital atrial septal 
defect that is common in Dow n syndrome, 
often first encountered  in the adult life, and  
more common in female patients. The associ-
ated murmur is mid-systolic in nature. (6:1827-8, 
1921)

164.  (E) The patient has pulmonary hypertension 
after pneumonectomy that w ill manifest as 
narrow splitting of S2. Pre-existing impairment 
of pulmonary vascular compliance associated  
with CHF, and  cor pulmonale may be exacer-
bated  after extensive lung resection, leading to 
serious pu lmonary hypertension and  right-
sided  heart failure. (5:954; 6:1827-8)

165.  (I) (Lauer R, Mathew JP. Transesophageal tomo-
graphic views. In: Mathew JP, et al., eds., Clinical 
M anual and Review of Transesophageal 
Echocardiography, 2nd  ed., New York: McGraw-
Hill, 2010, Figure 5-27)

166.  (G) (Lauer R, Mathew JP. Transesophageal tomo-
graphic views. In: Mathew JP, et al., eds., Clinical 
M anual and Review of Transesophageal 
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Echocardiography, 2nd  ed., New York: McGraw-
Hill, 2010, Figure 5-20)

167.  (D) (Lauer R, Mathew JP. Transesophageal tomo-
graphic views. In: Mathew JP, et al., eds., Clinical 
M anual and Review of Transesophageal 
Echocardiography, 2nd  ed., New York: McGraw-
Hill, 2010, Figure 5-14)

168.  (E) (Lauer R, Mathew JP. Transesophageal tomo-
graphic views. In: Mathew JP, et al., eds., Clinical 
M anual and Review of Transesophageal 
Echocardiography, 2nd ed., New York: McGraw-Hill, 
2010, Figure 5-11)

169.  (C) (Lauer R, Mathew JP. Transesophageal tomo-
graphic views. In: Mathew JP, et al., eds., Clinical 
M anual and Review of Transesophageal 
Echocardiography, 2nd ed., New York: McGraw-Hill, 
2010, Figure 5-9)

170.  (A) (Lauer R, Mathew JP. Transesophageal tomo-
graphic views. In: Mathew JP, et al., eds., Clinical 
M anual and Review of Transesophageal 
Echocardiography, 2nd ed., New York: McGraw-Hill, 
2010, Figure 5-7)

171.  (H) (Lauer R, Mathew JP. Transesophageal tomo-
graphic views. In: Mathew JP, et al., eds., Clinical 
M anual and Review of Transesophageal 
Echocardiography, 2nd  ed., New York: McGraw-
Hill, 2010, Figure 5-25)

172.  (B) (Lauer R, Mathew JP. Transesophageal tomo-
graphic views. In: Mathew JP, et al., eds., Clinical 
M anual and Review of Transesophageal 
Echocardiography, 2nd  ed., New York: McGraw-
Hill, 2010, Figure 5-8)

173.  (L) (Lauer R, Mathew JP. Transesophageal tomo-
graphic views. In: Mathew JP, et al., eds., Clinical 
M anual and Review of Transesophageal 
Echocardiography, 2nd  ed., New York: McGraw-
Hill, 2010, Figure 5-34)

174.  (F) (Lauer R, Mathew JP. Transesophageal tomo-
graphic views. In: Mathew JP, et al., eds., Clinical 
M anual and Review of Transesophageal 
Echocardiography, 2nd ed., New York: McGraw-Hill, 
2010, Figure 5-19)



CHAPTER 14

Anes thes ia for Neuros urgery
Ques tions

DIRECTIONS (Questions 175-227): Each of the 
numbered  items or incomplete statements in this 
section is followed  by answers or by completions of 
the statement. Select the ONE lettered  answer or 
completion that is BEST in each case.

175. As the temperature of the brain decreases

(A)  MAC increases
(B)  autoregulation of blood  flow is lost
(C)  cerebral metabolic rate decreases 6% to 

7% per degree Celsius
(D)  cerebral Q10 decreases
(E)  brain oxygen extraction increases

176. Of the many factors affecting intracerebral 
blood  flow, which one of the following is a cor-
rect description?

(A)  Vasomotor paralysis: vasoconstriction of 
vessels in or near ischemic areas

(B)  Autoregulation: ability of vessels to 
respond in a manner consistent with 
maintaining homeostasis

(C)  Luxury perfusion: metabolic 
requirements in excess of blood flow

(D)  Intracerebral steal: decrease of blood 
flow in normal areas with increased  
flow to ischemic areas

(E)  Inverse steal: d iversion of flow to 
normal areas from ischemic areas

177. Which one of these is the best agent to decrease 
cerebral oxygen requirement?

(A)  A muscle relaxant
(B)  A glucose solution
(C)  An anticonvulsant

239

(D)  A barbiturate
(E)  Oxygen by mask

178. Use of succinylcholine to facilitate endotra-
cheal intubation in patients w ith increased  
intracranial pressure is associated  with

(A)  increased  intracranial pressure
(B)  no change in intracranial pressure
(C)  incomplete muscle relaxation
(D)  conditions more satisfactory than those 

with the use of pancuronium
(E)  hyperkalemia

DIRECTIONS: Use the following scenario to answer 
Questions 179-180: A 45-year-old  woman is under-
going a coil embolization procedure to obliterate a 
basilar tip aneurysm. She suffers from mild  hyper-
tension for which she takes hydrochlorothiazide. She 
is anesthetized with 2% sevoflurane in oxygen and  
vecuronium for muscle relaxation. The catheter 
approaches the aneurysm through the vertebral 
artery. On deploying the coil, there is a sudden 
increase in arterial blood pressure and global depres-
sion of ST segments detected  by ECG.

179. The most likely d iagnosis is

(A)  hypertensive crisis
(B)  d issection of the vertebral artery and  

brain stem ischemia
(C)  arterial air embolism to the posterior 

circulation and  hind  brain ischemia
(D)  pain from manipulation of the 

intra-arterial catheter
(E)  rupture of the aneurysm with subarach-

noid  hemorrhage
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180. Treatment should  include all of the following 
EXCEPT

(A)  hyperventilation
(B)  emergent placement of an external ven-

tricular d rainage catheter
(C)  propofol bolus followed by continuous 

infusion
(D)  immediate increase in sevoflurane 

concentration to reduce arterial blood  
pressure

(E)  immediate angiography and  continued  
placement of coils

181. In  the artificially ventilated  neurosu rgical 
patient, PEEP

(A)  should  be used  routinely
(B)  should  be used  only on selected  patients 

with the head  of the patient never 
elevated

(C)  has no effect on intracranial pressure
(D)  should  be withheld  in all cases
(E)  should  be titrated  against requirements 

for oxygenation and  neurologic status

182. Treatment of the neurosurgical patient w ith 
mannitol may be followed by all of the follow-
ing EXCEPT

(A)  initial hypervolemia
(B)  decreased  urine volume
(C)  hypovolemia
(D)  decreased  central venous pressure
(E)  a decrease in arterial pressure

183. Nitrous oxide should  be avoided  in patients 
with

(A)  brain tumor
(B)  subarachnoid  hemorrhage
(C)  closed  head  injury
(D)  pneumocephalus
(E)  subdural hematoma

184. To obtain maximum benefit from hyperventila-
tion during a neurosurgical p rocedure, the 
PaCO2 should  be maintained  at

(A)  15 to 20 mm Hg
(B)  20 to 25 mm Hg
(C)  25 to 30 mm Hg
(D)  35 to 40 mm Hg
(E)  40 to 45 mm Hg

185. Following closed head injury, systemic sequelae 
may include all of the following EXCEPT

(A)  d isseminated  intravascular coagulation
(B)  d iabetes insip idus
(C)  syndrome of inappropriate secretion of 

antid iuretic hormone
(D)  hyperglycemia
(E)  hypocarbia

186. An intraoperative "wake up" test performed  
during surgery on the spine

(A)  assesses integrity of the dorsal sp inal 
cord

(B)  is not necessary if somatosensory 
evoked potentials are monitored

(C)  assesses sensory function of the upper 
extremity

(D)  is intended  to assess recall
(E)  can be associated  with venous air 

embolism

187. Electroconvulsive therapy (ECT)

(A)  is relatively contraindicated  in patients 
with known cerebral or aortic 
aneurysms

(B)  never produces a seizure
(C)  is not contraind icated  in patients with 

intracranial mass lesions
(D)  d oes not requ ire hem od ynam ic 

monitoring
(E)  cannot be performed with muscle 

relaxants

188. Attention must be given to the value of intra-
cran ial p ressu re on  ind u ction  becau se 
increased  intracranial pressure may lead  to

(A)  herniation of brain tissue
(B)  increased  cerebral blood flow



Ques tions : 180–194     241

(C)  elevation in cerebral perfusion pressure
(D)  brain retraction
(E)  increased  CSF volume

DIRECTIONS: Use the following scenario to answer 
Questions 189-192: A patient undergoing a craniot-
omy in the sitting position has both a rad ial artery 
and  a right atrial pressure catheter in p lace. The 
external auditory canal is 26 cm above the level of 
the right atrium (5 cm below the manubrium). The 
cranium is open and  the brain exposed .

189. With the arterial pressure transducers located  
at the level of the right atrium, the mean arte-
rial blood  pressure is 90 mm Hg and  the cen-
tral venous pressure is 5 mm Hg. What is the 
cerebral perfusion pressure?

(A)  95
(B)  85
(C)  70
(D)  59
(E)  Cannot be determined  d irectly

190. If the arterial catheter transducer were reposi-
tioned  to the level of the external aud itory 
canal, then

(A)  the MAP would  not require correction 
to measure perfusion pressure at the 
base of the brain

(B)  the measured  MAP would  remain the 
same if the arm were not elevated

(C)  the same effect could  be accomplished  
by elevating the arm to the level of the 
external auditory canal

(D)  CPP would  equal measured  MAP–CVP
(E)  blood  pressure determined  with a cuff 

on the upper arm would  be less than 
the measured  pressure

191. When electronically "zeroing" the transducer 
system, the stopcock immediately above the 
transducer d iaphragm is opened  to air and

(A)  the transducer should  be positioned  at 
the point where pressure is measured

(B)  the position relative to the patient is 
irrelevant

(C)  the transducer should  be positioned  at 
the level the catheter enters the rad ial 
artery

(D)  the arm must be positioned  at the level 
of the right atrium

(E)  the transducer should  be re-zeroed  
whenever the position is changed

192. During the procedure the arterial catheter fails; 
cuff pressures are monitored . Cerebral perfu-
sion pressure

(A)  cannot be determined  unless the head  is 
lowered  to the level of the heart

(B)  can be determined  only from a cuff 
pressure determined  at the rad ial artery

(C)  cannot be determined  unless limb with 
the cuff is elevated  to the level head

(D)  equals the systolic blood pressure deter-
mined  at the brachial artery irrespective 
of location

(E)  is determined  from the mean blood 
pressure corrected  for the d ifference in 
height where measured  from the posi-
tion of the external aud itory canal

193. During a craniotomy, after the dura mater is 
opened , the intracranial pressure

(A)  increases
(B)  equals zero
(C)  changes d irectly proportional to blood 

flow
(D)  decreases only if the head  is elevated
(E)  is unchanged

194. Jugular venous oxygen saturation monitoring

(A)  assesses global oxygen extraction from 
brain

(B)  requires bilateral placement to fu lly 
assess the brain

(C)  is unchanged during hyperventilation
(D)  is highly sensitive to all cerebral 

ischemia
(E)  is d irectly affected  by card iac output
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DIRECTIONS: Use the following scenario to answer 
Questions 195-197: A 15-year-old  girl had  a spinal 
fusion with Harrington rod  instrumentation. Motor 
and  somatosensory evoked  potentials were obtained  
throughout. On emergence, the patient was unable 
to move her left lower extremity.

195. The causes of this may include all of the fol-
lowing EXCEPT

(A)  overcorrection of the scoliotic curve
(B)  cord  compression due to hematoma
(C)  d irect surgical damage to the cord
(D)  hypothermia
(E)  traction of the anterior spinal artery

196. The best course of action on d iscovery of this 
loss of function is

(A)  extubate the trachea, begin blood 
transfusion

(B)  observe for 24 h
(C)  establish baseline neurologic function 

and  observe for changes
(D)  immediate imaging of spine by CT or 

MRI
(E)  initiate somatosensory evoked  

potentials

197. Motor evoked  potentials for the left lower 
extremity were reduced  during surgery but 
improved  w ith induced  hypertension. The 
appropriate initial maneuver on d iscovery of 
the deficit would  be

(A)  avoid  pressors that could  increase vas-
cular constriction

(B)  increase mean arterial blood pressure 
with pressors

(C)  induce hypercarbia
(D)  administer mannitol
(E)  administer hypertonic saline infusion

198. All of the following are complications associ-
ated  with the sitting position for cervical sur-
gery EXCEPT

(A)  sciatic and  cranial nerve trauma
(B)  pneumocephalus

(C)  quadriplegia
(D)  airway edema
(E)  blindness

199. The ad vantage of the sitting position for 
craniotomy is

(A)  reduced  intraoperative blood loss
(B)  easier positioning
(C)  preservation of cranial anatomy
(D)  easy access to the airway
(E)  hypertension

200. Hypertonic saline administered  to a patient 
with elevated  ICP

(A)  may lead  to hyperosmolar coma
(B)  removes water from the normal brain 

tissue while increasing filling pressure
(C)  may lead  to cerebral edema if the 

blood–brain barrier is impaired
(D)  is effective in doses of 0.25 g/ kg
(E)  is contraindicated  in patients with renal 

failure

201. When ad m inistered  to the neu rosu rgical 
patient, dexamethasone

(A)  will reduce cerebral edema surrounding 
a brain tumor

(B)  is effective because of its osmolar 
property

(C)  is more effective in control of edema 
caused  by traumatic injury

(D)  is contraind icated  in patients with 
Addison d isease

(E)  produces hypoglycemia

202. Administration of nitrous oxide 66% in oxygen

(A)  reduces intracranial pressure
(B)  depresses responsiveness of cerebral 

blood flow to carbon d ioxide
(C)  produces cerebrovascular d ilatation
(D)  slows EEG
(E)  increases metabolic suppression pro-

duced  by propofol



Ques tions : 195–210     243

203. Air embolism may be a fatal complication 
depending upon

(A)  the site of entry
(B)  the amount of air and  rate of entry
(C)  volume status
(D)  presence of a properly positioned  

pulmonary artery catheter
(E)  patient position

204. Concerning magnetic resonance imaging

(A)  motion artifacts are rare
(B)  objects containing ferromagnetic materi-

al are propelled  within the magnetic 
field

(C)  routine monitoring is impossible
(D)  large prosthetic metal implants are com-

pletely contraind icated
(E)  automatic implanted  card iac defibrilla-

tors should  be switched  off before 
imaging

205. Sensitive methods to detect venous air embo-
lism include all of the following EXCEPT

(A)  precord ial Doppler
(B)  mass spectrometry
(C)  capnograph
(D)  electrocard iograph
(E)  transesophageal echocard iography

206. Concerning induced  hypothermia all of the 
following are true EXCEPT

(A)  cerebral metabolism is decreased
(B)  cerebral vascular resistance increases
(C)  cerebral vasculature remains responsive 

to carbon d ioxide
(D)  cerebral blood flow remains coupled  to 

metabolism
(E)  more glucose is required  by the brain 

for metabolism

207. If surgery is to be performed on a patient in the 
sitting position

(A)  the legs should  be wrapped with elastic 
bandages

(B)  the legs should  be positioned  below the 
level of the heart

(C)  the patient can only be positioned  
awake

(D)  the neck should  be hyperextended
(E)  the patient should  be positioned  as 

quickly as possible to avoid  loss of 
monitors

208. Morphine as a premedication is ind icated  to 
facilitate induction in

(A)  infants
(B)  patients with increased  intracranial 

pressure
(C)  comatose patients
(D)  very anxious patients
(E)  pulmonary hypertension

209. During a cerebral aneurysm clip  obliteration, 
sodium nitroprusside is infused . The expected  
results include

(A)  short duration of action when infusion 
is terminated

(B)  bradycard ia
(C)  alkalosis
(D)  elevated  sodium thiosulfate levels
(E)  methemoglobinemia

210. When a precord ial Doppler u ltrasonic trans-
ducer is used  to detect air embolus, it

(A)  can detect 0.5 mL of air
(B)  functions at 15 Hz
(C)  requires central venous access
(D)  is positioned  over the point of maxi-

mum intensity
(E)  is less sensitive than capnography
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DIRECTIONS: Use the following scenario to answer 
Questions 211-213: A patient with a convexity menin-
gioma and several month history of severe head-
aches has a ventriculostomy for intracranial pressure 
monitoring in place preoperatively. Induction of gen-
eral anesthesia with oxygen and nitrous oxide admin-
istered to the patient lead to an increased intracranial 
pressure.

211. The increase in intracranial pressure may be 
mitigated  by administration of

(A)  isoflurane
(B)  vecuronium
(C)  fentanyl
(D)  ketamine
(E)  propofol

212. The effect of agents or d rugs to mod ify a 
response of increased  intracranial pressure

(A)  remains independent of ind ividual and  
brain state

(B)  is consistent across situations
(C)  depends on the summation of influences 

on cerebrovascular tone
(D)  can be determined  with imaging
(E)  is independent of ventilation state

213. Which one of the following will reduce the 
increase in intracranial pressure?

(A)  Open the ventriculostomy to drain
(B)  Positive pressure hypoventilation
(C)  Reducing blood pressure with 

nitroglycerin
(D)  Facilitate venous drainage
(E)  Lowering the transducer from the level 

of the external auditory canal to the mid  
axillary line

214. During surgery for excision of an intradural 
tumor in the lower thoracic level, integrity of 
the spinal cord  may be confirmed  by

(A)  performing an intraoperative "wake-up" 
to test motor function in lower 
extremities

(B)  monitoring brainstem-evoked potentials

(C)  monitoring somatosensory and  motor 
evoked  potentials

(D)  monitoring the train-of-four on all four 
limbs

(E)  intraoperative MRI of the spine

215. Therapy for neurogenic pu lmonary edema 
includes all of the following EXCEPT

(A)  reduce intracranial hypertension
(B) α-adrenergic antagonists
(C)  supportive respiratory care
(D)  central nervous system depressants
(E)  naloxone 4 mg IV

216. Cervical spine instability should  be considered 
in any patients with

(A)  ankylosing spondylitis
(B)  Down syndrome
(C)  Marfan syndrome
(D)  spinal stenosis
(E)  neurofibromatosis

DIRECTIONS: Use the following scenario to answer 
Questions 217-219: A previously healthy 42-year-old  
woman is admitted  to the neurological intensive 
care unit after suddenly losing consciousness while 
sitting at her desk at work. A CT scan showed a 
subarachnoid  hemorrhage, and  a cerebral angio-
gram revealed  that the hemorrhage was due to 
rupture of an aneurysm of the right middle cerebral 
artery. Her caregivers are concerned  that she may 
develop vasospasm.

217. Detection of cerebral vasospasm includes all of 
the following EXCEPT

(A)  transcranial Doppler
(B)  assessment of mental status
(C)  jugular bulb venous oxygen saturation
(D)  angiography
(E)  assessment of motor function

218. Cerebral vasospasm is most likely to occur 
after subarachnoid  hemorrhage on days

(A)  0-6
(B)  4-14
(C)  7-21
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(D)  12-20
(E)  up to one month

219. End ovascu lar treatment for cerebral vaso-
sp asm  after  su barachnoid  hem orrhage 
includes all of the following EXCEPT

(A)  intraarterial injection of mannitol
(B)  angioplasty
(C)  intravenous infusion of nicard ipine
(D)  induced  hypertension
(E)  intracerebral stenting

220. A patient returns to surgery to treat a CSF leak 
after transsphenoidal resection of the pituitary. 
Induction of general anesthesia should  include

(A)  inhalational induction with nitrous 
oxide and  sevoflurane

(B)  head  down positioning to prevent CSF 
drainage

(C)  rapid  sequence endotracheal intubation
(D)  placement of a ventriculostomy to pre-

vent CSF drainage
(E)  placement of an nasogastric tube to 

empty the stomach of blood and  CSF

221. During carotid  end arterectom y w ith EEG 
monitoring, both hemispheres demonstrate 
profound  slowing of frequency and  burst sup-
pression. The anesthetic technique consists of 
continuous infusions of propofol and  remifen-
tanil. The most likely d iagnosis is

(A)  propofol overdose
(B)  hypothermia
(C)  hypotension
(D)  inadequate perfusion to both 

hemispheres
(E)  elevated  ICP

222. Signs of venous air embolism include all of the 
following EXCEPT

(A)  arrhythmia
(B)  hypertension
(C)  heart murmur
(D)  bubbles at the operative site
(E)  decreased  end-expired  carbon d ioxide

DIRECTIONS (Questions 223-225): Each group of 
items below consists of lettered  headings followed  
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  head ing or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent m ay be selected  once, m ore than once, or not 
at all.

(A)  Amyotrophic lateral sclerosis
(B)  Multiple sclerosis
(C)  Cauda equina syndrome
(D)  Guillain-Barre syndrome
(E)  Myasthenia gravis
(F)  Muscular dystrophy
(G)  Familial period ic paralysis
(I)   Myasthenic syndrome (Eaton-Lambert

  syndrome)

For each patient with muscle weakness, select the 
most likely d isease process.

223. A 64-year-old  woman has undergone thora-
cotomy for lobectomy to resect small cell carci-
noma of the lung. On emergence she appears 
weak. She cannot maintain a sustained  head  
lift and  cannot generate sufficient tidal vol-
umes to be extubated . Muscle relaxation had  
been maintained  with vecuronium; there were 
three small twitches with fade elicited  with a 
blockade monitor set to train-of-four before 
administration of neostigmine and  glycopyr-
rolate. She reported  a history of easy fatigue 
w ith exertion particu larly w hen clim bing 
stairs. There was no history of d iplopia or dys-
phagia. There was no improvement with addi-
tional neostigmine.

224. A 47-year-old  man has a six-month history of 
progressive dysarthria and  dysphagia, and  is 
presenting for a gastrostomy tube for weight 
loss from inadequate nutrition. He has d iffi-
culty managing oral secretions and has to sleep 
with the height of the bed at 45 degrees because 
of obstructive sleep apnea. He demonstrates 
no symptoms of weakness either with walking 
or movement of hands or arms.
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225. A 27-year-old  woman presents with sudden 
onset of loss of bowel and  bladder function 
and weakness in both legs. She cannot stand or 
walk but can sit. She has an elevated  white 
blood  cell count w ith an abnormal smear; 
white blood cell d ifferential is predominantly 
lymphocytes w ith the p resence of multip le 
immature lymphocytes and  blast cell. She is 
afebrile and  free of pain.

DIRECTIONS (Questions 226-227): Each group of 
items below consists of lettered  headings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  heading or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent m ay be selected  once, m ore than once, or not 
at all.

(A)  Atelectasis
(B)  Pulmonary embolism
(C)  Pneumothorax
(D)  Patent foramen ovale
(E)  Aspiration
(F)  Neurogenic pulmonary edema
(G)  Spinal shock

For each patient w ith intraoperative coughing, 
select the appropriate d iagnosis.

226. A 65-year-old  man presents for spinal decom-
pression and  bilateral foraminotomies at mul-
tiple levels for spinal stenosis extending from 
T8 to L4. He has been incapacitated  by pain 

and leg weakness, and has been largely bedrid-
den for several weeks before surgery. He has 
undergone uneventful awake fiberoptic intu-
bation after top ical anesthesia of the airway 
with lidocaine while sitting upright. He has 
positioned  himself p rone on the operating 
room table and  moved  his legs on command 
before ind u ction  of general anesthesia. 
Anesthesia is maintained  with remifentanil 
and  nitrous oxide; no muscle relaxants have 
been administered. During laminectomy in the 
thoracic region he begins to cough. He becomes 
hypotensive and  the SaO2 falls from 98% to 
89%. Positive pressure ventilation with 100% 
oxygen and  high inflation p ressure do not 
improve oxygen saturation.

227. A 16-year-old  otherwise healthy male is under-
going Harrington rod placement to correct sco-
liosis. Anesthesia consists of continu ou s 
infusions of p ropofol and  remifentanil; no 
muscle relaxants have been administered  since 
induction. Standard  monitoring with noninva-
sive blood  pressure, ECG, SaO2, and  esopha-
geal temperatu re p robe are app lied  to the 
patient. He is prone and  both somatosensory 
and  m otor evoked  potentials have been 
unchanged since induction. Immediately after 
rod  placement and  d istraction of the spine, a 
motor evoked potential is performed and  the 
patient coughs several times. During closure 
the surgeon notices air bubbles in the arterial 
circulation in the epidural space.
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175.  (C) Cerebral metabolic rate decreases with a 
fall in temperature. This decrease is quanti-
tated  as the Q10, or changes in metabolic rate 
for a 10°C change in temperature. While the 
first Q10 is 2.2, the second  Q10 is about 5; the 
d ifference between the first and  second  Q10
values is thought to be due to cessation of 
brain electrical activity. Temperature has no 
effect either on autoregulation or on oxygen 
extraction from blood. MAC decreases with a 
fall in temperature. (5:916, 1469-71; 6:166)

176.  (B) The definition of autoregulation is correct. 
Vasomotor paralysis involves vasod ilatation. 
Luxury perfusion is perfusion in excess of 
requ irem ents. In tracerebral steal involves 
blood flow away from ischemic areas. Inverse 
steal involves d iversion of flow from normal 
areas to ischemic areas. (5:871-4; 6:2255)

177.  (D ) The best agent for decreasing cerebral 
oxygen requirement is a barbiturate. A muscle 
relaxant may be usefu l by p reventing the 
patient from coughing and  moving. Phenytoin 
reduces cerebral oxygen consumption caused  
by seizures; in the absence of seizures it has 
little effect on cerebral metabolic rate. (1: 535-6; 
5:876,886; 6: 2257)

178.  (A) Intracranial pressure may increase after 
succinylcholine. The increase is attenuated  
with prior administration of a small dose of a 
nondepolarizing muscle relaxant to prevent 
fascicu lations. Both  ventilation  to red uce 
PaCO2 and administration of thiopental reduce 
the rise in ICP. Increased  ICP does not predis-
pose to hyperkalemia; serum potassium will 

not rise above the usual 0.5 to 1.0 mEq/ L. 
(5:878)

179.  (E) Systemic hypertension and  ECG changes 
often accompany cerebral aneurysm rupture 
and resulting intracranial hypertension. This is 
a dreaded  complication of endovascular pro-
cedures. Dissection or occlusion of the verte-
bral artery can occur but is more likely during 
catheter placement. Arterial air embolism that 
occludes cerebral blood flow can occur but will 
not cause hypertension. Vessels are insensate 
but pain on manipulation is more common 
with dural vessels. (5:889-93)

180.  (D ) Treatment of in trap roced u ral rup tu re 
focuses on immediate d iagnosis with angiog-
raphy and  obliteration of the aneurysm to stop 
the hemorrhage. Placement of an external ven-
tricular d rainage catheter facilitates reduction 
in ICP by d rainage of CSF. Maneuvers to 
reduce ICP are appropriate includ ing hyper-
ventilation and  p ropofol. H ypertension is 
reflexive and  supports cerebral circu lation 
d u ring h igh ICP; increasing sevoflu rane 
decreases perfusion pressure both by elevating 
ICP through vasod ilation and  reducing blood 
pressure. (5:889-93)

181.  (E) Although PEEP may be necessary in the 
ventilation of the neurosurgical patient, its use 
shou ld  not be rou tine. The level of PEEP 
should  be titrated  to the need  and  effect. It is 
help fu l to monitor intracranial p ressure to 
ascertain possible deleterious effects. The head 
should  be elevated . (5:873)

Answers  and Explana tions
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182.  (B) Urinary volume will increase with manni-
tol administration. At first the patient may 
become hypervolemic both from administra-
tion of the volume of mannitol and the increase 
in intravascular volume from shifting of free 
water from the intracellu lar and  extravascular 
spaces. Hypovolemia may develop after d iure-
sis with a fall in both venous and  arterial pres-
sure. (1: 681-2; 5:880)

183.  (D) While not an absolute contraindication to 
use, nitrous oxide has been reported  to increase 
cerebral blood  flow; this may be a consider-
ation in patients with increased  ICP from head  
inju ry, intracranial hemorrhage, and  tumor. 
Since nitrous oxide diffuses into air-containing 
spaces, the presence of pneumocephalus is a 
contraindication to use because of the potential 
to increase ICP. (5:878, 882)

184.  (C) The cerebral vasoconstrictive effect is 
d iminished  by reducing PaCO2 below 25 mm 
Hg. In addition, at a PaCO2 below 20 mm Hg, 
the effect is self-defeating with potential devel-
opment of cerebral ischemia. (5:87, 1468-9; 
6:2255-7)

185.  (E) There are many systemic sequelae of closed 
head  injury. Coagulopathy and  d isseminated  
intravascu lar coagu lation may resu lt from 
cerebral trauma, possibly from the release of 
brain thromboplastin into the systemic circula-
tion . Posterior  p itu itary d ysfu nction  is 
common and  manifests as d istu rbances in 
antidiuretic hormone secretion. Hyperglycemia 
with nonketotic hyperosmolar coma can also 
occur. These patients often suffer from respira-
tory compromise and  are hypoxemic and  
hypercarbic. (5:1462-78; 6:2255-7)

186.  (E) Awakening the patient intraoperatively is a 
means to assess motor function in the lower 
and  occasionally upper extremities after d is-
traction of the vertebral column in spine sur-
gery. Compromise of blood  supply may occur 
from surgical manipulation or straightening of 
the cord . The use of somatosensory-evoked 
potentials assesses only sensory function, pri-
marily a dorsal spinal cord  function, and  does 

not rule out a motor deficit, primarily a ventral 
cord  function. Negative inspiratory force gen-
erated  during spontaneous ventilation can 
cause the common problem of venous air 
embolism. (5:489)

187.  (A) In order to be effective in treating depres-
sion, electroconvulsive therapy must induce a 
seizure. Because of the rapid  and  unpredict-
able changes in blood  pressure accompanying 
the seizure, patients with aneurysms may not 
be candidates for this therapeutic modality. In 
add ition, the increases in cerebral metabolic 
activity and concomitant rise in blood flow can 
increase ICP and, therefore, may cause cerebral 
herniation in patients with decreased  intracra-
nial compliance from mass-occupying lesions. 
Therefore, these conditions represent relative 
contraindications to ECT. (1:266; 5:1267-8)

188.  (A) If intracranial pressure increases on induc-
tion, global or areas of focal ischemia may 
occur from herniation and/ or decreased perfu-
sion pressure. Brain retraction may cause isch-
emia during surgery. Hydrocephalus is a cause 
of increased  ICP, not a consequence. (5:871-3;
6:2255-7)

189.  (C) The cerebral perfusion pressure is mean 
arterial blood  pressure less the intracranial 
pressure (MAP – ICP). In this case the ICP is 0 
since the cranium is open. Since the MAP is 
measured  at the level of the right atrium, the 
pressure would  be less at the circle of Willis 
(located  at the level of the external aud itory 
canal) because the head  is elevated . Thus the 
MAP at the base of the brain would  be 70 mm 
Hg; 90 mm Hg −  (26 cm ÷ 1.3 mm Hg/ cm) in 
order to correct for the height. (5:406-9, 882-3)

190.  (A) With the transducers positioned  at the 
level of the circle of Willis, the measured  pres-
sure is the arterial pressure at the base of the 
brain. Position of the arm containing the arte-
rial catheter with respect to the transducer will 
not alter the value of the measured  pressure. 
Arterial pressure of any structure below the 
level of the transducer will be higher than the 
measured  value. (5:406-9, 882-3)
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191.  (B) Electronic zeroing merely sets a pressure of 
0 mm Hg to the electrical output of the trans-
d ucer w hen the zeroing maneuver is per-
formed . Opening the stopcock to ambient 
pressure (air pressure) exerts a pressure on the 
transducer d iaphragm equal to the height of 
the column of flu id  between the opened  stop-
cock and  the d iaphragm. By convention, the 
stopcock opened  is the one d irectly above the 
d iaphragm and the column height is 1–2 cm. 
The position of the transducer relative to the 
patient will not affect the electronic zero and  is 
irrelevant to the procedure (opening the stop-
cock d isconnects the patient from the system). 
Once the electronic zero is established , there is 
no need to re-zero the instrument unless to cor-
rect for electronic d rift that can occur w ith 
time. (5:406-9, 882-3)

192.  (E) Arterial blood pressure can be determined  
by cuff from any location. Cerebral perfusion 
pressure is calculated  from the mean pressure 
corrected  for the d ifference in height from 
where measured  to the external auditory canal 
by the equation given in the explanation to 
Question 189 (5:406)

193.  (B) Once the skull is open and  the dura mater 
incised , the brain is no longer confined  within 
the cranium, and  intracranial pressure is zero. 
(5:871-3)

194.  (A) Jugu lar bu lb venous oximetry d etects 
changes in brain oxygen extraction from blood. 
The catheter is positioned retrograde in a single 
jugular bulb and  reflects venous drainage from 
predominantly a single hemisphere; if posi-
tioned  extracranially, contamination with non-
cerebral venous blood  d ilu tes effectiveness as 
a monitor. Changes in oxygen delivery, either 
from content or blood flow, are reflected  in the 
percent satu ration of the d raining venous 
blood . Focal ischemia may not be detected . 
Card iac output, unless in extreme shock, has 
no effect. (5:875)

195.  (D ) H ypothermia is a systemic effect and  
would  not present as a focal deficit. The deficit 
described  may be the result of any of the other 

situations. Peripheral nerve d amage is an 
unusual complication. (5:484-9, 1200-1)

196.  (D) If the patient awakens with a deficit that 
cannot be explained  either immediate imag-
ing or exp loration of the surgical site is ind i-
cated  for potential cord  compression from a 
hematoma. The patient shou ld  be left intu -
bated  pending a decision to facilitate speed  of 
reoperation. Somatosensory evoked  poten-
tials d o not p rovid e m otor in form ation . 
(5:484-9, 1200-1)

197.  (B) Traction on the anterior spinal artery pro-
duced  by straightening of the spine can cause 
ischemia in selected  regions of the spinal cord . 
Induced hypertension may improve perfusion. 
Systemically administered  p ressors d o not 
cause vasoconstriction in the central nervous 
system. Edema treated with mannitol or hyper-
tonic saline is an unlikely cause of inadequate 
perfusion in this setting. (5:484-9, 1200-1)

198.  (E) Blindness is a rare complication of the 
prone position; the etiology is obscure but may 
involve increased  intraocular pressure. With 
the sitting position, the sciatic nerve is at risk 
for compression from inadequate padding or 
traction inju ry from improper positioning. 
Traction of cranial nerves, especially the abdu-
cens (VI), can result from caudal d isplacement 
of the brain. Air trapped  over the superior sur-
face of the brain produces pneumocephalus. 
Quadriplegia has been reported  due to cord  
compression from extreme flexion of the neck. 
Sim ilarly, airw ay ed em a can occu r from 
obstruction of venous drainage. (5:896)

199.  (A) Intraoperative blood loss is reduced  in the 
sitting position due to increased  venous drain-
age. The positioning is more d ifficult than with 
a supine position and  access to the patient and  
airway is limited . Hypotension is frequently a 
complication. Anatomy is not preserved  and  
cranial nerve traction is a problem. (5:365-6)

200.  (B) Hypertonic saline effectively reduces ICP 
by rem oving w ater from normal tissues. It 
may be administered  in the setting of renal 
failure. Unlike mannitol there is no potential 
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for hyperosmolar coma if given in large doses 
and  does not cause cerebral edema by d iffus-
ing intracellu larly if the blood–brain barrier is 
impaired . Mannitol is effective in doses as low 
as 0.25 g/ kg. (5:174, 511, 537; 6:2256-8, 2271)

201.  (A) Dexamethasone is effective in the treat-
ment of cerebral edema in patients with brain 
tumors. It has been shown to be less effective 
in the patient w ith brain inju ry from acu te 
closed  head  trauma. The mechanism is prob-
ably from a decrease in inflammatory p ro-
cesses caused  by the tumor. There is no 
con tra in d icat ion  in  Ad d ison  d isease. 
H yperglycemia is a commons sid e effect. 
(1:1232; 5:881; 1126-7; 6:2256-8, 2271)

202.  (C) Induction of anesthesia with nitrous oxide 
as the sole agent has been shown to increase 
cerebral blood flow and intracranial pressure. 
Although nitrous oxide produces cerebrovascu-
lar dilatation, the cerebral blood flow response 
to carbon dioxide is preserved. These effects on 
cerebral hemodynamics are altered by the addi-
tion of other anesthetic agents; barbiturates and  
benzodiazepines blunt the increase in intracra-
nial pressure. (1:546-7; 5:873-4)

203.  (B) Both the amount and rate of entry of air are 
important factors in determining consequences 
of venous air embolism. The site of entry is 
unimportant. Although a pu lmonary artery 
catheter may be useful for monitoring, the port 
is too small to be helpful in the withdrawal of 
air. Volume status has no effect on severity of 
response. While some positions increase likeli-
hood  of embolism, patient position during 
entrainment does not impact outcome. (5:881-2)

204.  (B) All ferromagnetic material can create arti-
facts in the image and  can be drawn into the 
magnetic field . While some metal implants 
may shift position in the field  and  heat during 
scanning, some implants are safe for imaging. 
The patient must remain motionless for several 
minutes during scanning; movement artifacts 
from breathing and  arterial pu lsation are 
common. Pacemakers and  AICD's remain con-
traindicated  for imaging. (5:896-7)

205.  (D) Arrhythmias and  card iovascular collapse 
are late signs of venous air embolism. The pre-
cord ial Doppler in conjunction with a capno-
graph or pu lm onary artery catheter w ill 
usually detect air before physiologic conse-
quences occur. (5:881-2)

206.  (E) During hypothermia, the brain requ ires 
less glucose and  oxygen because of reduced  
m etabolic d em and . Cerebral blood  flow 
remains coupled  to metabolism and decreases; 
cerebral vascu lar  resistance increases. 
Resp onsiveness to changes in  PaCO2 is 
unchanged. (5:1469-71; 6:2258-9)

207.  (B) Positioning the patient in the sitting posi-
tion requires planning and  is performed  after 
induction of anesthesia. In order to minimize 
venous pooling in the low er extremities, a 
potential cause of hypotension, the legs should  
be w rapped  and  positioned  level w ith the 
heart. The head  should  never be hyperex-
tended . Positioning should  be done slowly to 
avoid  hypotension. (5:365-6, 881-3)

208.  (D) Morphine as a sedating p remed ication is 
u sefu l in  anxious patients bu t can d epress 
ventilation. It is contraind icated  in the very 
young, patients w ith increased  intracranial 
p ressu re, and  comatose patients. (1: 501-2; 
5:703-5, 709-10, 713)

209.  (A) Sodium nitroprusside has a short duration 
of action. It may cause an acidemia and  is usu-
ally associated  with tachycard ia. Cyanide tox-
icity may also occu r; intravenous sod ium 
thiosu lfate is the antidote. (1:782-3; 6:1913; 
5:746-7)

210.  (A) Precord ial Doppler is one of the most sen-
sitive monitors of venous air embolism clini-
cally available and  can detect air in quantities 
as sm all as 0.5 m L. The u ltrasonic p robe, 
which functions at 2.0 MHz, is p laced  over the 
right side of the heart. Central venous access 
can be used  to w ithdraw entrained  air from 
the right atrium; it is not required for monitoring. 
(5:874-5)
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211.  (E) Propofol may block increases in intracra-
nial p ressu re p rod uced  by nitrous oxid e. 
Isoflu rane and  ketamine are potent cerebral 
vasodilators and increase intracranial pressure. 
Vecuronium will have no effect on ICP. Opioids 
increase ICP by depressing ventilation. (1: 
536-7; 5:875-8)

212.  (C) Drug effects on intracranial pressure are 
not constant but vary among individuals, with 
ventilation, and  the state of the brain at the 
time applied . The total effect on cerebrovascu-
lar tone will determine the effect on cerebral 
blood  volum e and  in tracranial p ressu re. 
Imaging does not predict ICP. (5:871-3, 875-8; 
6:2255-7)

213.  (A) ICP can be lowered  by opening the ven-
tricu lostomy to rem ove some CSF. While 
hyperventilation m ay red uce ICP, sim p le 
mechanical ventilation withou t a change in 
PaCO2 will have no effect. Nitroglycerin is a 
vasod ilator and  increases ICP. Moving the 
transducer will only change the value but the 
ICP remains the same. ICP is measured  with 
the transducer at the level of the external audi-
tory canal. Obstru cting venous d rainage 
increases ICP but simple facilitating d rainage 
will not overcome the increase produced  by 
nitrous oxide. (5:871-3; 6:2255-7)

214.  (C) An intraoperative wake-up test demon-
strates upper and  lower limb movement on 
command and assures integrity of the ventral 
spinal cord containing the corticospinal tracts. 
Monitoring of somatosensory-evoked potentials 
tests the integrity of the dorsal portion of the 
spinal cord , whereas motor evoked potential 
monitoring detects integrity of corticospinal 
tracts. Brain stem-evoked potentials are useful 
on intracranial procedures involving the poste-
rior fossa but have no values for monitoring 
spinal cord function. The train-of-four monitor 
only evaluates the function of a peripheral nerve 
and the neuromuscular junction. Intraoperative 
MRI is time consuming and images may not 
detect ischemic damage. (5:490)

215.  (E) Neurogenic pulmonary edema is thought 
to involve massive sympathetic d ischarge from 

injured  brain in response to intracranial hyper-
tension. It is treated  by both reduction of intra-
cranial p ressu re and  su pp ortive care to 
m axim ize oxygenation. N aloxone in  high 
doses can produce pulmonary edema. (5: 886; 
6: 3359)

216.  (B) Patients with Down syndrome and rheu-
matoid  arthritis are at high risk for atlantoaxial 
instability. Patients with ankylosing spondyli-
tis may have their cervical vertebrae fused  in 
flexion. Such patients may develop  cervical 
spine instability after attempts to extend  the 
neck d uring intubation. N eurofibromatosis 
may present as schwannoma within the spinal 
canal but does not produce cervical instability. 
(5: 137-47, 895, 1201; 6: 135)

217.  (C) Cerebral vasospasm is segmental narrow-
ing of the cerebral vessels most commonly the 
large conduit vessels at the base of the brain. 
Extreme spasm may impair blood  flow and  
cause ischemia. The presence of spasm can be 
monitored  by transcranial Doppler to detect 
increased blood flow velocity and neurological 
exam for mental status and  motor function. 
Cerebral angiography detects loss of vessel 
caliber. Jugular bulb venous oxygen saturation 
is too insensitive to detect small regions of 
ischemia. (5:889-90)

218.  (B) Cerebral vasospasm occurs most commonly 
on days 4 through 14 after subarachnoid hemor-
rhage with a peak on day 7. (5:885-7; 6:2204, 
2263)

219.  (E) Endovascular treatment of cerebral vaso-
spasm after subarachnoid  hemorrhage typi-
cally involves angiop lasty of the stenotic 
segments or intraarterial injection of vasodila-
tors including papaverine or calcium channel 
an tagon ists verap am il or  n icard ip in e. 
Intraarterial mannitol is used  to treat larger 
vessel spasm during angiography. Intracerebral 
vessel stenting is unnecessary to restore flow. 
(1:757-60; 5:889-90)

220.  (C) Active d rainage of CSF indicates an open 
conduit from the nose to the sella tu rcica. 
Positive pressure ventilation carries the risk of 
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passage of gas into the cranium and  should  be 
avoided . Nitrous oxide is avoided  because of 
the risk of expanding a pneumocephalus often 
accompanying a CSF leak. Drainage of the CSF 
with a ventriculostomy does not correct these 
issues. A nasogastric tube will obscure the sur-
gical field  and  carries the potential for passage 
into the cranial cavity. (5:884-5)

221.  (A) Burst suppression on EEG is produced  
most commonly by excessive doses of hyp-
notic medications including propofol, barbitu -
rates, isoflurane, or etomidate. Hypothermia 
or hypotension resulting in inadequate brain 
perfusion produce slowing of the EEG or elec-
trical silence. Similarly, elevated  ICP cou ld  
compromise cerebral perfusion and  slow the 
EEG. (1:333-46; 5:479, 611, 694, 696-8, 710)

222.  (B) Air embolism is associated  with arrhyth-
mia, heart murmur (when there is a large 
amount of air), bubbles at the operative site, 
and  decreased  end -tidal CO2. H ypotension 
occurs after a large volume of air is entrained . 
(5:881-2)

223.  (I) Myasthenic syndrome is associated  with 
neoplasms includ ing small cell carcinoma of 
the lung. Administration of neostigmine rarely 
resu lts in  improvement of symptoms. The 
proximal muscle groups are more commonly 
affected , while bulbar symptoms from cranial 
nerve involvem ent are rare. (1:234; 5:958; 
6:3482-3)

224.  (A) Amyotrophic lateral sclerosis can present 
with predominantly bulbar symptoms of dys-
arthria and  dysphagia while muscle strength 
in the extremities may be preserved . Collapse 
of the pharyngeal muscular during sleep  is 
common, as well as d ifficulty handling secre-
tions. (5:139-40; 6:3345-7)

225.  (C) Cauda equina syndrome is caused  by com-
pression of the spinal nerves below the termi-
nation of the cord . It can be produced  by many 
d ifferent etiologies inclu d ing lym phom a. 
Bowel and  bladder symptoms are common. 
(5:1156; 6:2269)

226.  (B) Coughing, even during general anesthesia, 
may be associated with pulmonary embolism. 
Inactivity associated with lower extremity weak-
ness and back pain predisposes to deep vein 
thrombosis. (5:1257, 1288-9; 6: 104-5, 2170-7)

227.  (D) During surgery in the prone position the 
wound  is above the heart and  negative intra-
thoracic pressure p red isposes to venous air 
embolism. Exposure of the trabecu lar bone 
during instrumentation of the spine generates 
a route for the entrainment of air. Coughing or 
strong inspiration during light anesthesia may 
produce negative intrathoracic pressure. The 
presence of air within the arterial system indi-
cated  a paradoxical embolism via a patent 
foramen ovale. (5:881-2; 6: 3275)
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CHAPTER 15

Obs tetric  Anes thes ia
Ques tions

DIRECTIONS (Questions 228-309): Each of the 
numbered  items or incomplete statements in this 
section is followed by answers or by completions of 
the statement. Select the ONE lettered  answer or 
completion that is BEST in each case.

228. A parturient presents to labor and  delivery 
complaining of decreased  fetal movement at 
34 weeks gestational age. The most likely next 
step to evaluate the well-being of the fetus is to 
perform a(n)

(A)  oxytocin contraction test (OCT)
(B)  biophysical profile (BPP)
(C)  non-stress test (NST)
(D)  umbilical artery Doppler flow study
(E)  fetal scalp  pH analysis

229. You receive a page for an emergent cesarean 
section in a 27-year-old  partu rient in labor 
with a functioning epidural for fetal d istress. 
You rush to the bedside, and  after aspirating 
the epidural catheter, inject which one of the 
follow ing agents or combination of agents 
while accompanying the patient to the operat-
ing room?

(A)  2% lidocaine with 1:200,000 epinephrine
(B)  3% 2-chloroprocaine
(C)  2% lidocaine with 1:200,000 epinephrine 

and  bicarbonate

253

(D)  0.5% bupivacaine with bicarbonate
(E)  3% 2-chloroprocaine with sodium 

bicarbonate

230. Absolute contraindications to major conduc-
tion anesthesia in parturients include all of the 
following conditions EXCEPT

(A)  preexisting neurologic d isease of the 
spinal cord

(B)  patient refusal
(C)  infection at the site of need le insertion
(D)  hypovolemic shock
(E)  severe coagulopathy

231. As compared  w ith regional anesthesia for 
cesarean section, general anesthesia results in 
a/ an/ the

(A)  approximately 17-fold  increased  risk of 
maternal death

(B)  higher incidence of maternal 
hypotension

(C)  approximately twofold  increased  risk of 
maternal death

(D)  majority of recent maternal deaths relat-
ed  to failed  intubation rather than in the 
postoperative period

(E)  lower incidence of uterine atony
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232. A 30-year-old  G1P1 patient und erw ent an 
emergent cesarean section und er ep id ural 
anesthesia. She received  4 mg epidural mor-
phine for pain control prior to removal of the 
catheter. Four hours postpartum she begins to 
complain of incisional pain. The most likely 
explanation for this is

(A)  the dose of morphine is insufficient for 
epidural administration

(B)  morphine has a high lipid  solubility 
resulting in an expected  analgesic peri-
od  of 1-4 h

(C)  2-chloroprocaine was used  for the 
urgent cesarean section

(D)  2% lidocaine with bicarbonate was used  
for the urgent cesarean section

(E)  she received  nalbuphine for relief of 
pruritus

233. You receive a phone call from an obstetrician 
who has just seen a patient with von Willebrand  
d isease (vWD) for her first prenatal visit. He 
inquires as to the anesthetic-related  implica-
tions of the patient's d isease during pregnancy 
and  the use of neuraxial anesthesia in this 
patient. All of the following responses are true 
of vWD EXCEPT

(A)  vWD is the most common inherited  
coagulopathy and  affects 1-2% of the 
general population

(B)  evidence-based  recommendations for 
neuraxial anesthesia in the setting of 
vWD can be made

(C)  specific treatment strategies may be 
determined  in consultation with a 
hematologist

(D)  the treatment of vWD depends on its 
severity and  subtype

(E)  vWD is not necessarily a contraindica-
tion to neuraxial anesthesia

DIRECTIONS: Use the following scenario to answer 
Questions 234–236: A 26-year-old  G1P0 patient 
p resents to the labor and  d elivery d epartm ent at 
35 weeks gestational age complaining of a headache 
and  scotomata. Her blood pressure is 150/ 100, pulse 
is 84, and her oxygen saturation is 100% breathing 

room air. Physical examination reveals marked  
facial edema and  a Mallampati 4 airway. Her cervix 
is 2 cm dilated . Laboratory values include a p latelet 
count of 90,000/ mm 3, a 24-hour urine specimen 
containing more than 5 g of protein, and  normal 
liver function tests. Physical examination reveals 
epigastric pain.

234. All of the following are consistent with a d iag-
nosis of severe preeclampsia EXCEPT

(A)  platelet count of 90,000/ mm3

(B)  headache
(C)  scotomata
(D)  d iastolic blood pressure of 100 mm Hg
(E)  epigastric pain

235. The obstetrician begins an infusion of magne-
sium sulfate and  decides to induce labor in the 
patient given her d iagnosis of severe p re-
eclampsia. She then calls you to request an epi-
dural. You inform the obstetrician that

(A)  severe preeclampsia is a contraind ica-
tion to epidural placement

(B)  the platelet count is an absolute 
contraindication to the placement of an 
epidural

(C)  the epidural should  be placed  later in 
active labor after a repeat platelet count 
is obtained

(D)  you will obtain informed  consent and  
place an epidural

(E)  the patient should  receive a spinal to 
reduce the risk of hematoma

236. The most common cause of mortality in a 
patient like this one is

(A)  card iac arrest
(B)  renal failure
(C)  hepatic rupture
(D)  respiratory arrest after inability to 

intubate
(E)  cerebrovascular accident

237. A 26-year-old G2P0 patient requests an epidu-
ral. The epidural p lacement is uneventfu l. 
Twenty minutes later you are called to the labor 
room because the patient is complaining of 
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shortness of breath and is still in pain. A quick 
sensory exam reveals a much higher level on 
the right side of the patient with a patchy sen-
sory block. There is no fetal d istress and  the 
patient is oxygenating well. Your next step in 
the management of this patient should  be to

(A)  pull the catheter back 1 cm and admin-
ister another bolus of local anesthetic 
solution

(B)  stop the epidural infusion, observe the 
patient, and  administer another bolus of 
local anesthetic solution when the sen-
sory level recedes

(C)  stop the epidural infusion, observe the 
patient, replace the epidural catheter, 
and  administer another bolus of local 
anesthetic solution once the level has 
receded .

(D)  intubate the patient and  provide sup-
portive measures

(E)  administer a bolus of fentanyl through 
the epidural catheter to enhance the 
block

238. You are called  by an obstetrician to see an HIV-
positive patient on her first postpartum day. 
She underwent an uneventful vaginal delivery 
under epidural anesthesia. She is now com-
plaining of a positional headache and  neck 
stiffness. You have a d iscussion about an epi-
dural blood  patch (EBP). You tell her

(A)  given her HIV status an EBP is contrain-
d icated  and  you recommend conserva-
tive treatment

(B)  an EBP has a success rate of approxi-
mately 70% after the first attempt

(C)  if she were to have a wet tap in the 
fu ture, evidence-based  medicine 
supports the placement of a 
prophylactic EBP

(D)  severe complications of EBP are rare 
and  may include transient bradycard ia, 
facial palsy, and  arachnoid itis.

(E)  the absence of a documented  wet tap  
makes the d iagnosis of postdural punc-
ture headache (PDPH) unlikely in this 
patient

239. Regarding placental physiology, which one of 
the following d rugs crosses the p lacenta in 
appreciable amounts?

(A)  Atropine
(B)  Glycopyrrolate
(C)  Succinylcholine
(D)  Vecuronium
(E)  Heparin

DIRECTIONS: Use the following scenario to answer 
Questions 240-241: An 18-year-old  G2P1 patient 
presents for repeat cesarean section. She is 59 inches 
tall and  underwent a previously uneventful prima-
ry cesarean section. Shortly after the administration 
of spinal anesthesia, the patient begins to complain 
of shortness of breath. Her blood pressure is 80/ 40 
and  her heart rate is 48 bpm. The patient tells you 
she is nauseated , short of breath, and  her hands are 
tingling.

240. Initial management of this patient shou ld  
include all of the following EXCEPT

(A)  administration of ephedrine
(B)  asking the patient to squeeze your 

hands with hers
(C)  IV fluid  bolus administration
(D)  supplemental administration of oxygen
(E)  placing the patient in the Trendelenburg 

position

241. Within a few  minutes the patient becomes 
unresponsive, profound ly hypotensive, and  
ap neic. Ap p rop riate m anagem ent w ou ld  
include all of the following EXCEPT

(A)  positive pressure ventilation via endo-
tracheal intubation

(B)  left u terine d isplacement
(C)  support of maternal circulation with IV 

fluids and  ephedrine
(D)  administration of 100% oxygen
(E)  prompt administration of epinephrine to 

support maternal circulation
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242. A 32-year-old  G1P0 patient presents to the 
labor and  delivery department in early labor. 
Her prenatal course is unremarkable except for 
a history of multiple sclerosis (MS). True state-
ments regard ing her care include all of the fol-
lowing EXCEPT

(A)  an increase in body temperature of as 
little as 0.5°C can result in an exacerba-
tion or relapse

(B)  exaggerated  responses to inhaled  anes-
thetics can occur due to autonomic dys-
function

(C)  pregnancy is associated  with an 
improvement in symptoms, but relapse 
can occur postpartum

(D)  epidural anesthesia is associated  with 
greater risk of relapse than spinal anes-
thesia

(E)  a hyperkalemic response to succinylcho-
line can be seen in patients with signifi-
cant muscle atrophy

243. A 30-year-old  G2P1 female p resents for a 
repeat cesarean section at 40 weeks gestational 
age. Her prenatal course is complicated  by 
recurrent pregnancy loss and she is positive for 
the lupus anticoagu lant. She has been on 
unfractionated heparin 10,000 units subcutane-
ously twice a day throughout her third  trimes-
ter. Her last dose was last evening (twelve 
hours ago). True statements regard ing her care 
include

(A)  regional anesthesia is safe and  no fur-
ther testing is necessary

(B)  regional anesthesia is contraindicated  in 
this patient

(C)  a general anesthetic is ind icated
(D)  a partial thromboplastin time and  plate-

let count should  be obtained  prior to 
performing a regional anesthetic

(E)  the peak effect of subcutaneous heparin 
is 4 h after subcutaneous injection

DIRECTION S: Use the follow ing scenario to 
answ er Questions 244-245: A 27-year-old  G2P1 
female p resents w ith a history of profound  depres-
sion at 34 weeks gestational age. She had a recent sui-
cide attempt and her psychiatrist now recommends 

electroconvulsive therapy (ECT). You  are asked  to 
counsel the patient regard ing the use of ECT in 
pregnancy.

244. Which one of the following statements is true 
about ECT during pregnancy?

(A)  The American Psychiatric Association 
recommends that ECT be deferred  until 
the third  trimester of pregnancy.

(B)  Most of the psychotropic medicines 
have a long history of safe use in 
pregnancy.

(C)  The overall incidence of miscarriage is 
higher with the use of ECT than in the 
general population.

(D)  Your recommendation to the patient can 
be based  on prospective, randomized  
controlled  trials.

(E)  The anesthetic agents used  for ECT have 
a long history of safe use in pregnancy.

245. Appropriate measures for parturients under-
going ECT would  include all of the following 
EXCEPT

(A)  preoperative obstetric consultation
(B)  monitoring of the fetal heart rate before 

and  after ECT
(C)  endotracheal intubation
(D)  monitoring of u terine contractions after 

ECT
(E)  left u terine d isplacement after 14 weeks 

gestational age

246. All of the following drugs may cause worsen-
ing of myasthenic symptoms EXCEPT

(A)  oxytocin
(B)  aminoglycoside antibiotics
(C)  magnesium sulfate
(D)  terbutaline
(E)  carboprost tromethamine

247. A 27-year-old  G2P1 female presents to you for 
consultation regard ing a vaginal birth after 
cesarean section (VBAC). Her first cesarean 
was a low transverse incision for breech pre-
sentation. You tell her that
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(A)  VBAC is successful in less than half of 
patients in whom a low-transverse 
cesarean section was made during pre-
vious cesarean delivery

(B)  epidural analgesia does not delay the 
d iagnosis of uterine rupture

(C)  epidural analgesia decreases the likeli-
hood of successful VBAC

(D)  the risk of u terine rupture is approxi-
mately 2%

(E)  according to the American College of 
Obstetricians and Gynecologists (ACOG), 
anesthesia providers must be available 
within 30 min to provide emergency care 
for patients attempting VBAC

248. Which one of the following is the most common 
cause of severe postpartum hemorrhage?

(A)  Lacerations
(B)  Retained  placental tissue
(C)  Coagulopathy
(D)  Uterine atony
(E)  Uterine inversion

249. A 38-year-old  G0 patient opts for in vitro fer-
tilization (IVF). She has undergone hormonal 
stimulation and is about to receive human cho-
rionic gonadotropin (hCG) to induce oocyte 
maturation. She will present for transvaginal 
egg retrieval 36 h after ad ministration of 
human chorionic gonadotropin (hCG). Which 
one of these anesthetic considerations is true?

(A)  She will not need  to fast if she is given 
conscious sedation.

(B)  Paracervical block may be used  as the 
sole anesthetic.

(C)  Conscious sedation is the most com-
monly utilized  anesthetic technique.

(D)  Adding 10 mcg of fentanyl to intrathe-
cal lidocaine solution improves postop-
erative analgesia but increases time to 
ambulation and  d ischarge.

(E)  General anesthesia decreases the suc-
cessful fertilization rate of the retrieved  
oocytes.

DIRECTIONS: Use the following scenario to answer 
Questions 250-251: A 38-year-old  G1P0 female at 
39 weeks gestational age is being induced for pre-
eclampsia. She is given a 4-g bolus of magnesium 
sulfate followed by an intravenous infusion at 2 g/ h.

250. Which one of the following statements regard-
ing the use of magnesium sulfate in this patient 
is true?

(A)  Magnesium sulfate is eliminated  pri-
marily through the liver.

(B)  Patellar reflexes are lost at serum magne-
sium levels of approximately 2 mg/ dL.

(C)  Magnesium sulfate may antagonize the 
effects of neuromuscular blocking 
agents.

(D)  Therapeutic blood concentrations are 
4-8 mg/ dL.

(E)  Magnesium sulfate does not cross the 
placenta.

251. The patient undergoes an uneventful delivery 
and  is sent to the postpartum floor on an infu-
sion of magnesium su lfate for tw enty-four 
hours. A nurse d iscovers the patient is having 
breathing d ifficulty and  you are paged  stat to 
the room. Upon arrival, you  note that the 
patient is lethargic. H er blood  pressu re is 
110/ 60, heart rate is 70, and  she is in severe 
resp iratory d istress. Managem ent of th is 
patient would  include all of the follow ing 
EXCEPT

(A)  administration of epinephrine 1 mg 
intravenously

(B)  support of respiration with bag-mask 
and  possible endotracheal intubation

(C)  d iscontinuing the infusion of magne-
sium sulfate

(D)  administration of calcium gluconate 1 g 
intravenously

(E)  obtaining a serum magnesium level
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252. A 30-year-old  G1P0 patient presents for ante-
natal counseling regard ing her history of a 
malignant hyperthermia (MH) episode. Which 
one of the following recommendations is true?

(A)  MH is inherited  in an autosomal reces-
sive fashion.

(B)  There is a 25% chance that the fetus will 
be MH-susceptible.

(C)  Ester, but not amide, local anesthetic 
agents are safe in MH-susceptible 
patients.

(D)  Her child  will need  to be treated  with 
non-triggering anesthetics in the fu ture 
unless the child  undergoes caffeine-
halothane contracture testing and  the 
testing is negative.

(E)  Once labor begins, she will be given 
prophylactic dantrolene that does not 
cross the placenta.

253. An infant with a heart rate of 70, a weak cry, 
minimal muscle flexion, a grimace to oropha-
ryngeal suctioning and  acrocyanosis at five 
minutes would  receive an Apgar score of

(A)  2
(B)  4
(C)  5
(D)  6
(E)  7

DIRECTIONS: Use the following scenario to answer 
Questions 254-255: You are called  to the trauma 
room where you encounter a 31-year-old  G2P1 
patient at 34 weeks estimated  gestational age. She 
was involved  in a motor vehicle accident and  has 
suffered  multiple injuries. She is actively being 
resuscitated . Fetal heart tones are present. Shortly 
after your arrival, the patient goes into card iac 
arrest during the resuscitation. The obstetrical team 
is present in the trauma room.

254. All of the following statements regard ing the 
resuscitation of this patient are true EXCEPT

(A)  left uterine d isplacement should  be 
maintained  during the resuscitation

(B)  chest compressions should  be per-
formed  slightly above the center of the 
sternum

(C)  card ioversion has been used  in all stages 
of pregnancy without significant 
complications

(D)  vasopressor agents may decrease blood 
flow to the u terus

(E)  standard  ACLS drug dosages should  be 
ad justed  upward  for pregnant patients

255. It has been four minutes since resuscitative 
measures were institu ted . The patient remains 
asystolic. You should  now consider

(A)  administering a biphasic shock of 200 J
(B)  administering a monophasic shock of 

360 J
(C)  asking the obstetrician to perform a 

perimortem cesarean section
(D)  administering a second dose of 

vasopressin
(E)  calling the code

256. Well known gastrointestinal changes that occur 
during pregnancy include all of the following 
EXCEPT

(A)  the combination of esophageal d isplace-
ment into the thorax and  progestin 
result in a lowering of the lower esopha-
geal sphincter tone

(B)  gastric emptying of liquid and solid  
materials is not altered during pregnancy

(C)  a higher risk of gallbladder d isease sec-
ondary to biliary stasis and  an increased  
secretion of bile

(D)  gastric emptying is slowed during labor
(E)  epidural anesthesia using local anesthet-

ics only delays gastric emptying

257. The most reliable means of detecting uterine 
rupture in this patient is

(A)  maternal tachycard ia
(B)  uterine tenderness
(C)  severe hemorrhage
(D)  a non-reassuring fetal heart rate pattern
(E)  maternal complaint of pain during labor
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258. Regarding placental transfer of drugs, which 
one of the following favors increased  maternal 
to fetal d rug transfer?

(A)  Molecular weight less than 1,000 
Daltons

(B)  Hydrophilic substance
(C)  Charged  substance
(D)  High bound  drug fraction
(E)  Lower portion of unionized  drug in 

maternal plasma

259. In order for an epidural to relieve the second  
stage of labor, the epidural must cover which 
one of these dermatomes?

(A)  T10-L1
(B)  T11-T12
(C)  L2-L4
(D)  L3-L5
(E)  S2-S4

260. Well know n endocrine changes that occur 
during pregnancy include all of the following 
EXCEPT

(A)  the thyroid  gland  enlarges during 
pregnancy

(B)  estrogen induces an increase in thy-
roid -bind ing globu lin w hich resu lts in 
a relative hyperthyroid  state during 
pregnancy

(C)  free T3 and  free T4 concentrations 
remain unchanged

(D)  pregnant patients are insulin resistant 
primarily due to p lacental production of 
lactogen

(E)  cortisol levels are increased  during 
pregnancy

DIRECTIONS: Use the following figure to answer 
Question 261:
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261. You are finishing a routine preoperative evalu-
ation on a patient for an elective repeat cesar-
ean section in the antepartum assessment area 
when you view the following fetal heart trac-
ing on  a p atien t in  the next room  w ho is 
being assessed  for d ecreased  fetal movement 
at 36 weeks. She is contracting spontaneously. 
This is an example of

(A)  early decelerations
(B)  a reactive non-stress test
(C)  variable decelerations
(D)  fetal bradycard ia
(E)  a positive oxytocin contraction test 

(OCT)

262. A variety of physiologic changes in u terop la-
cental blood  flow  occu r d u ring p regnancy 
and  include w hich one of the follow ing char-
acteristics?

(A)  The uterus accounts for roughly 12% of 
the card iac output at term.

(B)  Uteroplacental blood  flow is widely 
autoregulated  during pregnancy.

(C)  Uterine blood  flow increases dramatical-
ly to approximately 200 to 300 mL/ min 
at term.

(D)  The main supply of blood  to the u terus 
is from the uterine arteries that arise 
from the aorta.

(E)  General anesthetic doses typically used  
decrease uterine blood flow.

263. A 27-year-old  G2P1 female presents for anes-
thetic consultation at 16 weeks gestational age. 
Her prenatal course is significant for a history 
of mild  mitral stenosis (MS). She is currently 
asymptomatic (NYHA Class 1 d isease). You 
tell her that all of the follow ing statements 
about her condition are true EXCEPT

(A)  approximately 25% of patients with 
mitral stenosis first experience symp-
toms during pregnancy

(B)  mitral stenosis is the most commonly 
encountered valvular lesion in pregnancy

(C)  epidural anesthesia is preferred  for vagi-
nal or cesarean delivery

(D)  ephedrine is the pressor of choice to 
treat hypotension

(E)  maternal expulsive efforts during the 
second  stage of labor are d iscouraged

264. Which one of the following statements con-
cerning the management of a parturient with 
an unanticipated  d ifficult airway is consistent 
with the ASA difficult airway algorithm?

(A)  In an elective cesarean section, proceed  
under mask ventilation if the patient has 
had  nothing by mouth.

(B)  Never attempt blind  nasal intubation 
because of the risk of bleed ing from 
engorged  airways.

(C)  If able to ventilate with mask and  the 
fetus is in serious d istress, no additional 
steps should  be taken to obtain a secure 
airway and  delivery should  proceed  
immediately.

(D)  Never attempt cricothyrotomy in a pre-
eclamptic patient because of potential 
coagulopathy.

(E)  If unable to ventilate or intubate, 
attempt to place an LMA with cricoid  
pressure and  if successful consider pro-
ceeding to cesarean section in the pres-
ence of fetal d istress.

265. Which one of the following changes in lab 
values is expected  during pregnancy?

(A)  Decreased  hematocrit
(B)  Increased  PCO2

(C)  Increased  pH
(D)  Increased  creatinine
(E)  Decreased  factors VII, VIII, X, and  

fibrinogen

266. Nonobstetric surgery during pregnancy occurs 
with an estimated  frequency of 0.3% to 2.2%. 
Anesthetic concerns regard ing nonobstetric 
surgery during pregnancy include all of the 
following EXCEPT
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(A)  rapid  sequence induction should  be per-
formed after 16 weeks gestational age 
when general anesthesia is required

(B)  regional anesthesia, when appropriate, 
is a reasonable alternative

(C)  aspiration prophylaxis should  be 
accomplished  with either a nonparticu-
late antacid  and/ or a histamine H 2
antagonist combined  with a gastric pro-
kinetic agent

(D)  benzodiazepines are contraind icated  
due to the increased  incidence of cleft 
palate

(E)  left u terine d isplacement for the preven-
tion of aortocaval compression is not 
necessary in the first trimester

DIRECTIONS: Use the following photograph to 
answer Questions 267-268:

A 27-year-old  patient presents at ten weeks gesta-
tion with abnormal uterine bleeding, hyperemesis, 
and  bilaterally enlarged  ovarian cysts. On exam her 

u terus is greater than expected  size and  her beta-
hCG is markedly elevated  (100,000 mIU/ mL). An 
ultrasound is obtained  and  is shown above.

267. The most likely d iagnosis in this patient is

(A)  ectopic pregnancy
(B)  incomplete spontaneous abortion
(C)  twin gestation
(D)  molar pregnancy
(E)  septic abortion

268. Proper anesthetic management of this patient 
would  include all of the following EXCEPT

(A)  blood products should  be immediately 
available

(B)  two large bore intravenous catheters 
should  be placed

(C)  an intravenous infusion of oxytocin 
should  be started  after evacuation of the 
u terus has been completed

(D)  close observation of the patient post 
procedure for evidence of hemorrhage 
or card iopulmonary d istress

(E)  general anesthesia is preferred

269. A partu rient is d iagnosed  w ith  retained  
p lacenta after delivery and  requires manual 
exploration of the uterus. All of the following 
are acceptable management strategies EXCEPT

(A)  intravenous analgesia
(B)  epidural analgesia
(C)  saddle block
(D)  intravenous nitroglycerine, 400 mcg
(E)  induction of general anesthesia with 

1 mg/ kg ketamine
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DIRECTIONS: Use the following figure to answer 
Questions 270-271:

270. The tracing in the graph show s a pattern 
referred  to as

(A)  late deceleration
(B)  variable deceleration
(C)  early deceleration
(D)  maximal deceleration
(E)  late acceleration

271. The type of heart rate tracing shown in the 
graph is usually associated  with

(A)  cord  compression
(B)  placental insufficiency
(C)  head  compressions

(D)  acute fetal asphyxia
(E)  tetanic contraction

272. You are asked  to place an epidural in a patient 
who is laboring with a singleton in breech pre-
sentation. All of the following are true regard-
ing breech presentation EXCEPT

(A)  a higher incidence of congenital 
abnormality

(B)  a lower frequency of prolapsed  
umbilical cord

(C)  fetal head  entrapment may necessitate 
the need  for rapid  induction of general 
anesthesia
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(D)  causes of breech presentation include 
preterm delivery, multiple gestation, 
and  uterine abnormalities

(E)  it accounts for approximately 3-4% of all 
pregnancies

273. The u sual blood  loss associated  w ith  an 
uncomplicated  vaginal delivery of tw ins is 
approximately

(A)  400 mL
(B)  600 mL
(C)  800 mL
(D)  1000 mL
(E)  1200 mL

274. A 27-year-old  G1P0 patient is being treated  for 
preterm labor w ith terbu taline. An adverse 
effect of terbutaline used  for preterm labor is

(A)  card iac arrhythmia
(B)  hyperkalemia
(C)  bradycard ia
(D)  hypertension
(E)  hypoglycemia

275. Nerve injury during labor and  delivery can 
result from all of the following EXCEPT

(A)  compression of lumbosacral trunk by 
the head  of fetus

(B)  peroneal nerve injury by lithotomy stirrup
(C)  epidural hematoma secondary to block
(D)  femoral nerve compression by the lithot-

omy stirrup
(E)  chemical contamination of the subarach-

noid  space

276. A 35-year-old  heroin-add icted  partu rient in 
labor is requesting pain relief. Which one of the 
following options is LEAST desirable?

(A)  Meperid ine
(B)  Continuous epidural analgesia
(C)  Nitrous oxide
(D)  Butorphanol
(E)  Lumbar sympathetic block

277. Uterine rup ture is an obstetrical emergency 
often necessitating general anesthesia. It is 

associated  with significant maternal morbidity 
and  increases neonatal mortality by 60-fold . 
Cond itions associated  w ith u terine rup ture 
include all of the following EXCEPT

(A)  previous u terine surgery
(B)  trauma
(C)  grand  multiparity
(D)  intrauterine manipulation
(E)  twin gestation

278. Well-known changes that occur in the central 
nervous system of the parturient include all of 
the following conditions EXCEPT

(A)  nerve fibers have increased  sensitivity to 
local anesthetics

(B)  MAC for inhalational agents is 
decreased  by approximately 40%

(C)  activation of the endorphin system
(D)  no change in dose requirement for local 

anesthetic in the first trimester
(E)  spinal CSF volume is reduced

DIRECTIONS: Use the following scenario to answer 
Questions 279-280: You are called emergently to a deliv-
ery room where a patient has just undergone a natural 
childbirth. The nurse informs you that the patient is 
bleeding and asks for your assistance. The obstetrician 
states there is a uterine inversion. The patient is pale 
with a blood pressure of 60/ 40. Her pulse is 125. She is 
actively bleeding. She has a single 18-gauge IV that is 
infusing lactated Ringer solution containing 20 U/ L of 
oxytocin. The IV is running wide-open.

279. Initial steps in the management of this patient 
include all of the following EXCEPT

(A)  obtain large-bore IV access
(B)  place the patient in the Trendelenburg 

position and  administer vasopressors as 
needed

(C)  obtain a blood sample for CBC, type 
and  cross match, and  DIC screen

(D)  continue infusing the IV solution con-
taining oxytocin

(E)  immediate attempt at replacement of the 
u terus
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280. The obstetrician's initial attempts to replace the 
uterus are unsuccessful. He asks for your assis-
tance. While preparing to move to the operat-
ing room , w hich  one of the follow ing 
maneuvers may be of most benefit?

(A)  IV bolus of 2 g of magnesium sulfate
(B)  IM injection of 5 mg of ritodrine
(C)  IV injection of 0.2 mg of terbutaline
(D)  IV bolus of 50–100 mcg of nitroglycerine
(E)  placement of a saddle block

281. Prophylactic measures taken to prevent mater-
nal hypotension during and  following spinal 
anesthesia include all of the following EXCEPT

(A)  administration of 500-1000 mL of crys-
talloid  solution

(B)  left lateral d isplacement of the u terus
(C)  Trendelenburg position after spinal 

injection
(D)  placement of the spinal anesthetic with 

the patient in the lateral position
(E)  infusion of a vasopressor

282. An obstetrician asks you to stand  by in case he 
needs to perform an urgent cesarean section. 
His patient is 8 cm d ilated . The fetal heart rate 
pattern is nonreassuring and  there is no fetal 
response to fetal scalp stimulation. The patient 
is comfortable w ith a w orking ep idural in 
p lace. He states he is going to perform fetal 
blood  capillary pH testing. All of the following 
statements are true regard ing fetal blood  capil-
lary pH testing EXCEPT

(A)  it is a method that cannot be used  to 
assess fetal well-being during labor of a 
breech presentation

(B)  a fetal scalp pH of 7.25 or higher is 
considered  normal

(C)  a fetal scalp pH less than 7.20 is ind ica-
tive of significant asphyxia and  the need  
for immediate delivery

(D)  a fetal scalp pH of 7.20-7.24 is interme-
diate and  requires close monitoring and  
repeat sampling

(E)  it requires adequate d ilation of the 
cervix

283. The one finding present in eclamptic patients 
and  not in preeclamptics is

(A)  hyperreflexia
(B)  decreased  uteroplacental perfusion
(C)  presence of seizure activity
(D)  treatment with magnesium sulfate
(E)  general vasoconstriction

284. A change in the anatomy or physiology of the 
stomach that is associated  with pregnancy is

(A)  decreased  acid  secretion
(B)  decreased  gastric emptying time
(C)  downward  d isplacement of the pylorus
(D)  incompetence of the lower esophageal 

sphincter beginning in the first trimester
(E)  epidural analgesia using only local anes-

thetics slows gastric emptying

285. You are called  to the postpartum floor to per-
form an ep id ural blood  patch (EBP) on a 
patient w ho had  a w et tap  tw o days p rior 
during the p lacement of her labor ep idural. 
You explain to her that all of the following are 
true of an epidural blood  patch EXCEPT

(A)  the success rate for a first EBP approaches 
85%

(B)  prophylactic epidural saline bolus is 
effective in decreasing the incidence of 
postdural puncture headache (PDPH)

(C)  if the site of dural rent is unknown, the 
lowermost interspace should  be used

(D)  15–20 mL of aseptically obtained  autolo-
gous blood is typically used  for the EBP

(E)  95% of postdural puncture headaches 
last less than one week

286. You are called  to the delivery room and  are 
asked  to assist in the resuscitation of a new-
born term infant. The infant is not breathing 
and  the heart rate is less than 100. Steps to take 
include all of the following EXCEPT

(A)  provide warmth, clear the airway and  
dry, stimulate, and  reposition the infant

(B)  if the infant remains apneic or the heart 
rate is less than 100, provide positive 
pressure ventilation
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(C)  100% oxygen should  be used  during 
assisted  ventilation

(D)  during the first assisted , breath positive 
pressure at 20 cm H 2O should  be main-
tained  for 4-5 sec at the end  of inspira-
tion to overcome the surface tension of 
the lungs and  open up the alveoli

(E)  if mask ventilation lasts more than 2-3 
min, the stomach should  be emptied  
with an orogastric tube

287. A 27-year-old  paraplegic patient w ith a T6 
lesion presents to the labor and  delivery suite 
in early labor. She is 4 cm dilated  and  requests 
an epidural. Which one of the following state-
ments regarding her anesthetic management is 
true?

(A)  Spinal anesthesia is contraindicated  in 
this patient.

(B)  Neuraxial anesthesia is unnecessary in 
this patient since the patient has no sen-
sation below the T6 level.

(C)  The test dose used  after placement of an 
epidural will identify unintentional sub-
arachnoid  injection.

(D)  Patients with a spinal cord  injury are 
more prone to orthostatic hypotension 
that can contribute to a decrease in 
u teroplacental perfusion.

(E)  If general anesthesia is necessary, a 
depolarizing agent may be used  without 
reservation.

288. The local anesthetic that attains the lowest fetal 
concentration relative to maternal concentra-
tion is

(A)  lidocaine
(B)  ropivacaine
(C)  2-chloroprocaine
(D)  mepivacaine
(E)  bupivacaine

DIRECTIONS: Use the following scenario to answer 
Questions 289-290. You are asked  to evaluate a 
30-year-old  G4P3 female who presents at 37 weeks 
gestation for her third  cesarean section as well as 
tubal ligation. Her prenatal course is complicated  
by known placenta previa. She has had  no antepar-
tum bleeding. She currently weighs 250 pounds and  
is 62 inches tall. Her airway exam reveals a 
Mallampati class 4 with normal range of motion.

289. During the anesthesia interview you advise the 
patient that

(A)  her risk of p lacenta accreta is 25%
(B)  her risk of p lacenta accreta is 11%
(C)  her risk of p lacenta accreta is over 50%
(D)  spinal anesthesia is contraindicated
(E)  she must undergo general anesthesia for 

her repeat cesarean section

290. During you r p reoperative interview, you 
advise her of all of the following EXCEPT

(A)  two large-bore intravenous catheters 
will be p laced

(B)  she will be typed  and  crossmatched  for 
blood

(C)  combined  spinal-epidural (CSE) will be 
performed

(D)  an obstetrical hysterectomy may be 
required

(E)  the procedure will be performed under 
spinal anesthesia to avoid  a potentially 
d ifficult airway

291. A neuropathy manifested  as numbness, tin-
gling, burning, or other paresthesia that is 
p robably the most commonly encountered  
neuropathy related  to childbirth is

(A)  compression of the lumbosacral trunk
(B)  obturator nerve palsy
(C)  femoral nerve palsy
(D)  sciatic nervy palsy
(E)  lateral femoral cutaneous nerve palsy
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292. You are called  by a colleague who has tried  
multiple times to place an epidural in a labor-
ing patient who had corrective surgery for sco-
liosis. She asks about the placement of a caudal 
anesthetic. You reply that all of the following 
statem ents are tru e abou t her cond ition 
EXCEPT

(A)  caudal anesthesia is an acceptable alter-
native in this patient

(B)  identification of the sacral hiatus is 
necessary

(C)  a test dose similar to that used  during 
lumbar epidural placement is not neces-
sary prior to administration of local 
anesthetic

(D)  accurate placement of the caudal need le 
is confirmed by the "feel" of the need le 
passing through the sacrococcygeal liga-
ment that overlies the sacral hiatus 
between the sacral cornua

(E)  the needle should  only be advanced  1 to 
2 cm into the caudal canal

293. Patient-controlled  analgesia (PCA) is a viable 
alternative for pain management during labor 
in patients with a contraindication to or unsuc-
cessfu l attem p t at neu raxial analgesia. 
Remifentanil PCA has more recently been 
used . True statements regard ing remifentanil 
PCA include all of the following EXCEPT

(A)  plasma concentrations of remifentanil in 
pregnant patients are about half those 
found  in nonpregnant patients

(B)  remifentanil rapid ly crossed  the 
placenta

(C)  there is more nausea and  vomiting com-
pared  to meperid ine PCA

(D)  the context-sensitive half-time of 3.5 min 
is not affected  by the duration of 
infusion

(E)  remifentanil is rapid ly metabolized  by 
plasma and  tissue esterases to an inac-
tive metabolite

294. In a p regnant w oman at term, you  w ould  
expect an increase in all of the following values 
EXCEPT

(A)  functional residual capacity
(B)  dead  space
(C)  tidal volume
(D)  lung compliance
(E)  inspiratory reserve volume

295. A 30-year-old  G3P2 female presents for an 
anesthesia consultation. Her prenatal course is 
significant for a history of HSV-2 infection. All 
of the following statements regard ing her care 
are true EXCEPT

(A)  primary herpes infection is associated  
with viremia

(B)  asymptomatic shedd ing of the virus 
may occur in the genital tract

(C)  the presence of either active lesions or 
prodrome are an ind ication for cesarean 
section

(D)  neuraxial anesthesia is contraindicated  
in a patient with active recurrent HSV-2 
infection in labor

(E)  epidural or intrathecal administration of 
morphine increases the risk of recur-
rence of HSV-1, but not HSV-2, infection 
in obstetrical patients

296. A 30-year-old  G1P0 female at 18 weeks esti-
mated  gestational age has just been d iagnosed  
with a pheochromocytoma and presents for an 
anesthetic consultation. You tell her that all of 
the following statements are true EXCEPT

(A)  early laparoscopic resection of the 
tumor is possible prior to the third  
trimester

(B)  pheochromocytoma is associated  with 
an increased  incidence of both fetal 
death and  intrauterine growth restric-
tion (IUGR)

(C)  if surgical resection is not accomplished  
prior to delivery, spontaneous vaginal 
delivery is the preferred  method of 
delivery
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(D)  phenoxybenzamine is the most com-
monly prescribed  α-adrenoceptor antag-
onist used

(E)  nicard ipine may be used  intraopera-
tively to prevent hypertension during 
resection of the tumor

297. True statem ents regard ing fetal electronic 
m onitoring d u ring nonobstetric su rgery 
include all of the following EXCEPT

(A)  the American College of Obstetricians 
and  Gynecologists (ACOG) acknowl-
edge there are no data to allow specific 
recommendations for fetal heart rate 
(FHR) monitoring for obstetric patients 
undergoing nonobstetric surgery

(B)  monitoring should  be performed before 
and  after surgery

(C)  intraoperative monitoring is recom-
mended  when possible, especially after 
24 weeks gestational age

(D)  a decrease in FHR variability during 
general anesthesia is an ind ication of 
fetal compromise and  an indication for 
cesarean delivery

(E)  an experienced  obstetric provider 
should  be present to monitor and  inter-
pret the FHR tracing and  uterine 
activity

298. Plasma cholinesterase concentrations during 
pregnancy are

(A)  highest at term
(B)  unchanged from normal levels
(C)  increased
(D)  decreased  resulting in a clinically signif-

icant prolongation of amide type local 
anesthetics

(E)  decreased  to a degree not resulting in a 
clinically significant prolongation of 
succinylcholine

299. You are confronted  with a 28-year-old  G1P0 
female with achondroplasia. She presents for 
an elective cesarean section at 39 weeks gesta-
tional age. True statements regard ing her 

achondroplasia and obstetrical anesthetic man-
agement include all of the following EXCEPT

(A)  marked  lumbar lordosis and  scoliosis 
may cause technical d ifficulties during 
attempts at neuraxial anesthesia

(B)  it may be d ifficult to estimate the appro-
priate dose of local anesthetic for single-
shot spinal anesthesia

(C)  spinal may be preferred  to epidural 
injection of local anesthetic

(D)  achondroplasia is inherited  as an auto-
somal dominant mode, although most 
cases occur as a result of spontaneous 
mutation

(E)  although a higher incidence of d ifficult 
intubation has been reported  in achon-
droplastic patients, most reports note no 
d ifficulty in airway management.

300. A 27-year-old  G1P0 woman is admitted  at term 
for an ex u tero intrapartum therapy (EXIT) 
procedure. The surgeons plan to excise a large 
embryonic cervical tumor. All of the following 
are characteristics of the maternal and  fetal 
anesthetic care EXCEPT

(A)  placement of an epidural catheter for 
postoperative maternal pain control

(B)  pulmonary denitrogenation, rapid  
sequence induction, and  endotracheal 
intubation of the mother

(C)  fetal anesthesia provided  by intramus-
cular injection of opioid  and  a paralytic 
agent either by ultrasound  guidance 
prior to u terine incision or d irectly after 
hysterotomy and  delivery of the fetus

(D)  1 to 1.5 MAC of volatile inhalational 
agent is required  for the procedure

(E)  fetal tracheal intubation after hysterot-
omy with maintenance of fetoplacental 
circulation until the procedure is 
completed .
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DIRECTIONS: Use the following figure to answer 
Question 301:
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301. The figure above shows the change in card iac 
output with pregnancy. The discrepancy in the 
two lines is due primarily to the effect

(A)  on respiration
(B)  on uterine blood flow
(C)  on venous return
(D)  of pressure on the aorta
(E)  on the central nervous system

302. Adjuvants such as epinephrine or bicarbonate 
are often used  d uring obstetrical ep idural 
anesthesia. True statements regard ing the use 
of these ad juvants include all of the following 
EXCEPT

(A)  epinephrine is more effective at prolong-
ing the action of short-acting local anes-
thetics than longer-acting agents

(B)  the add ition of sodium bicarbonate has-
tens the onset of the block by increasing 
the pH closer to the pKa of the local 
anesthetic

(C)  hypotension occurs less frequently with 
epidural administration of an alkalin-
ized  local anesthetic

(D)  epinephrine has intrinsic analgesic 
effects via stimulation of pre-synaptic 
α2-adrenoceptors that contribute to 

greater reliability and  intensity of the 
block

(E)  alkalization of bupivacaine must be 
performed carefully because the margin 
between satisfactory alkalization and  
precipitation is narrow

303. Which one of the following is the correct state-
ment regard ing d rug action and  p lacental 
transfer in a parturient?

(A)  Placental transfer is minimal with mus-
cle relaxants.

(B)  Opioids do not cross the placenta.
(C)  Inhalational anesthetics increase uterine 

muscle tone.
(D)  Nitrous oxide is contraind icated  for 

cesarean section secondary to interfer-
ence with vitamin B12 synthesis.

(E)  Thiopental does not cross the placenta.

304. True statements regard ing total spinal anesthe-
sia include all of the following EXCEPT

(A)  it is a rare complication that can result 
from both intrathecal or epidural 
administration of local anesthetic

(B)  it cannot result from subdural adminis-
tration of local anesthetic
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(C)  supportive measures to provide oxygen-
ation and prevent aspiration, including 
endotracheal intubation, may be necessary

(D)  preventative measures may include 
waiting for a partial spinal to wear off 
and  then administering a second  spinal 
in the case of elective cesarean section

(E)  conversion to general anesthesia may be 
necessary

305. Well-known cardiovascular changes that occur 
at term in pregnancy include which one of the 
following parameters?

(A)  A 25% decrease in heart rate
(B)  A 20% increase in systemic vascular 

resistance
(C)  An increase in myocard ial contractility
(D)  A decrease in left ventricular end-

d iastolic volume
(E)  A decrease in left ventricular end-

systolic volume

DIRECTIONS (Questions 306-307): Each group of 
items below consists of lettered  head ings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  head ing or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent may be selected  once, m ore than once, or not 
at all.

(A)  Placenta previa
(B)  Placenta accreta
(C)  Uterine inversion
(D)  Ruptured  uterus
(E)  Placental abruption
(F)  Amniotic flu id  embolus
(G)  Severe preeclampsia

For each patient, select the most likely etiology.

306. A 27-year-old primipara at term in labor at 8 cm 
ruptures her membranes spontaneously, sits 
up , and  states, "My heart." She then becomes 
hypotensive and  unresponsive. She begins to 
have sign ifican t vaginal bleed ing shortly 
afterwards.

307. A 30-year-old  parturient at 32 weeks gesta-
tional age presents to the labor and  delivery 
su ite complaining of decreased  fetal move-
ment and  abd ominal pain. She ad mits to 
chronic cocaine use throughout her pregnancy. 
Her blood pressure is 120/ 60. Her abdomen is 
firm. A non-stress test is non-reassuring. An 
u ltrasound  is performed  w hich reveals no 
abnormal placental find ings.

DIRECTIONS (Questions 308-309): Each group of 
items below consists of lettered  headings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  heading or component that is most closely 
associated  with it. Each lettered  head ing or compo-
nent m ay be selected  once, more than once, or not 
at all.

(A)  Oxytocin
(B)  Mifepristone
(C)  Carboprost tromethamine
(D)  Vasopressin
(E)  Methysergide
(F)  Misoprostol
(G)  Methylergonovine
(H)  Methylprednisolone

For each patient, select the m ost app rop riate 
m ed ication.

308. You are called to a room where a 27-year-old  
G6P6 female has just delivered via natural child-
birth and is bleeding. The patient has a history 
of severe reactive airway d isease and  upon 
entering the room she is actively wheezing. The 
obstetrician states the uterus remains boggy and  
the patient continues to bleed despite the admin-
istration of oxytocin and methylergonovine.

309. In a patient with excessive postpartum bleed-
ing, this medication is intended  to be adminis-
tered  solely as an  in tram u scu lar  or 
intramyometrial injection because it may cause 
severe hypertension when injected  as an IV 
bolus.
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228.  (C) A non-stress test is the easiest test to per-
form with few contraindications. The mother 
is placed  on an electronic fetal monitor. A reas-
suring non-stress test would  demonstrate two 
fetal heart rate accelerations within a 20-min 
period  of at least 15 bpm for at least a 15-sec 
duration. A reassuring NST has a high nega-
tive pred ictive value meaning a low risk of 
fetal death within one week of testing. A non-
reassuring NST would  require additional test-
ing with either an OCT or BPP. (5:292-3)

229.  (E) 2-Chloroprocaine has the fastest onset, 
especially when combined  with sodium bicar-
bonate. It is also rapid ly metabolized  by both 
mother and  fetus resulting in little fetal accu-
mulation. Systemic toxicity is low making it 
one of the safest local anesthetics used  in preg-
nancy. (1:579, 5:1157)

230.  (A) All of the options are absolute contraind i-
cations except preexisting neurologic d isease 
that may be a relative contraind ication. (5: 
1151)

231.  (C) General anesthesia is associated  with an 
increased  risk of maternal death. This is partly 
due to the physiologic changes associated  with 
p regnancy. The introduction of alternative 
airway devices in the recent past as well as the 
development of the d ifficult airway algorithm 
has contributed  to the decreased  risk of mater-
nal death with general anesthesia as compared  
to regional anesthesia from a 16.7- to a 1.7-fold  
increased  risk. (5:1148, 1159)

232.  (C) 2-chloroprocaine is know n to have an 
impact on the efficacy of neu raxial op ioid s. 

In  this case, the most likely agent used  for the 
emergent cesarean section would  be 2-chloro-
procaine with or without bicarbonate due to its 
rapid  onset and  low systemic toxicity. (5: 1159)

233.  (B) There are varying types of vWD, type 1 
being the most mild  and  common form seen in 
pregnancy. Most recommendations for neur-
axial anesthesia are based  on expert opinions 
(level of evidence 5). Neuraxial anesthesia has 
been used  safely in the past in patients with 
vWD, however, minimal "safe" factor levels 
remain undefined  in the obstetrical population 
and  evidence-based  recommendations cannot 
be made. (5:209-10; Choi S, et al. Anesth Analg 
2009; 109:648-60)

234.  (D ) Blood  pressu re criteria for severe p re-
eclampsia include a systolic blood  pressure of 
greater than or equal to 160 mm Hg or a d ia-
stolic blood  pressure of greater than or equal 
to 110 mm Hg. The rest would  be consistent 
with severe preeclampsia. (5:294)

235.  (D) The patient's airway exam is concerning. 
This is a patient who might very well not toler-
ate labor and require an emergent cesarean sec-
tion. While it is controversial regard ing an 
absolute platelet count below which neuraxial 
anesthesia should  be avoided, epidural analge-
sia has been successfu lly p laced  in patients 
w ith p latelet counts below  100,000/ mm 3 if 
there is no other existing coagulopathy. The 
placement of an epidural in this patient with a 
potentially d ifficult airway is reasonable after 
informed  consent has been obtained . In addi-
tion, it may help  to avoid  a d ifficu lt airway 
scenario. Waiting until the patient is in active 

Answers  and Explana tions
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labor will only give more time for the p latelet 
count to drop. While a spinal may decrease the 
incidence of hematoma formation, the patient 
is in labor and  may require repeat spinal anes-
thetics. This is not only impractical, but also 
does not help to avoid  a d ifficult airway sce-
nario shou ld  emergent cesarean section be 
required . (5:296)

236.  (E) Magnesium sulfate is used  in preeclampsia 
to prevent seizures. Acute treatment of ele-
vated  blood  pressure, most commonly with 
hyd ralazine or labetalol, is used  to prevent 
cerebrovascu lar complications cited  as the 
most common cause of mortality in patients 
with severe preeclampsia. (2:987; 5:295)

237.  (C) This most likely represents a subdural 
p lacement of an epidural catheter. The block 
does not follow the typical pattern and  may be 
characterized  as patchy or extensive and  is 
often higher than expected . It can be confused  
with subarachnoid  injection of local anesthetic. 
Treatment consists of recognizing the subdural 
p lacement, supportive measures, and  replace-
ment of the catheter. (5:860-1)

238.  (D) Postdural puncture headache (PDPH) typ-
ically consists of a postural headache in the 
frontal or occipital areas. Nausea, vomiting, 
neck stiffness, photophobia, and  aud itory 
changes have all been reported . EBP is the 
definitive treatment for PDPH. EBP has been 
used  successfully in HIV-positive patients and  
is unlikely to introduce HIV into the CNS as 
this occurs early in the clinical course of the 
d isease. Success rates are quoted  at approxi-
mately 85% after a single blood  patch. The 
most frequent complication is back pain, but 
rare complications including facial palsy, bra-
d ycard ia, and  arachnoid itis have been 
reported . Prophylactic EBP is controversial. 
(5:862-3)

239.  (A) The anticholinergic agents atropine and  
scopolamine do readily cross the placenta. In 
contrast, glycopyrrolate d oes not. Muscle 
relaxants do not read ily cross the p lacenta. 
(2:62-3)

240.  (E) The patient is experiencing a high spinal 
block. Initial evaluation and  treatment would  
include assessing the level of the sp inal by 
having the patient squeeze her hands and  by 
demonstrating her ability to speak in fu ll sen-
tences. Vasopressors, fluid  administration, and  
su p p lem ental oxygen  are all ind icated . 
Ephedrine is a better choice than phenyleph-
rine given the bradycard ia. Placing the patient 
in  the Trendelenburg position to treat the 
hypotension may increase the height of the 
block and  result in a total spinal. (5:860)

241.  (C) The patient has progressed  to a total spinal 
anesthetic. Immediate airway and  circulatory 
support are vital. Securing the airw ay via 
endotracheal tube with 100% oxygen, left uter-
ine d isplacement, and  prompt administration 
of epinephrine are all critical to the care of this 
patient. Ephedrine would  not be as efficacious 
as epinephrine at this point. (5:860)

242.  (D) Both spinal and  epidural anesthesia has 
been used  safely in parturients with MS. Some 
evidence suggests there may be a higher inci-
d ence of relapse w ith  sp inal anesthesia. 
Avoid ance of stress and  hyperthermia are 
essential. (5:139-41)

243.  (D) The guidelines from the American Society 
of Regional Anesthesia (ASRA) state that 5000 
units of unfractionated  heparin subcu tane-
ously twice a day does not increase the risk of 
epidural/ spinal hematoma. If the patient is on 
three times a day dosing or greater than 10,000 
units/ day subcu taneously, ASRA states the 
safety of neuraxial blockade in these patients 
has not been established. ASRA recommends a 
platelet count be obtained  in patients on hepa-
rin for more than four days to rule out heparin-
induced  thrombocytopenia (HIT). A normal 
aPTT would  also be prudent prior to need le 
placement. The peak effect of a subcutaneous 
dose of heparin is two hours. (4:954-5; 5:1023; 
Horlocker T, et al. Reg Anesth Pain Med 2012; 35: 
64-101)
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244.  (E) Data from case stud ies show the incidence 
of miscarriage to be 1.6%. This is lower than 
the incidence of miscarriage in the general 
population. Many psychotropic med ications 
are believed to increase the risk of birth defects. 
ECT can be safely administered  during all tri-
mesters of pregnancy. (2:351-2)

245.  (E) The uterus does not contribute to aortoca-
val compression until approximately 18-20 
w eeks gestation. End otracheal in tu bation 
should  be considered  after the first trimester. 
Monitoring of the fetal heart rate and  uterine 
con t r act ion s sh ou ld  be con sid ered . 
Consu ltation w ith the patient's obstetrician 
should  also be considered . (2:351-2)

246.  (E) Many drugs can exacerbate the symptoms 
of myasthenia gravis. Of the d rugs listed  
above, carboprost tromethamine has not been 
shown to worsen the symptoms. (2:1060; 5:996)

247.  (B) VBAC is successful in 60-80% of women in 
w hom a low-transverse incision w as made 
during previous cesarean delivery. The major 
risk of VBAC is u terine rupture that is esti-
mated  to occur in less than 1% of patients 
undergoing a trial of labor. ACOG states that 
physicians, anesthesia providers, and  other 
personnel must be immediately available to 
provide emergency care for patients attempt-
ing VBAC. (2:375-85)

248.  (D) Uterine atony is the most common cause of 
severe postpartum hemorrhage accounting for 
approximately 80% or more of cases of pri-
mary (within the first 24 h of delivery) postpar-
tu m  hem orrhage. Desp ite p reven tative 
measures, postpartum hemorrhage occurs in 
4%-6% of pregnancies. (2:818-821)

249.  (C) Paracervical block may be used  during 
transvaginal oocyte retrieval, however, since 
this technique incompletely blocks sensation 
from the vaginal and  ovarian pain fibers, addi-
tional analgesia w ill be required . Conscious 
sedation, neuraxial anesthesia, and  general 
anesthesia have all been used  successfu lly. 
Standard  fasting guidelines should  be used , 
how ever, carefu l consid eration shou ld  be 

undertaken prior to canceling the procedure. 
Failure to retrieve the oocytes can increase the 
risk of ovarian hyperstimulation syndrome. In 
add ition, if the window for maximal oocyte 
retrieval is missed (34-36 h after administration 
of hCG), spontaneous ovu lation w ill occur 
with resultant loss of oocytes, invalidating the 
significant effort and  expense incurred  during 
hormonal stimulation. (2:306-13)

250.  (D) Magnesium sulfate is primarily eliminated  
by the kidneys. Preeclamptic patients with sig-
nificant renal impairment may develop mag-
nesium toxicity more easily and  should  be 
monitored  more closely (with serial patellar 
reflex exam s and  serum  m easu rem ents). 
Patellar reflexes are lost at serum magnesium 
levels of approximately 12 mg/ dL. Magnesium 
potentiates the effects of both depolarizing and  
nond epolarizing neu rom u scu lar blocking 
agents. Magnesium does cross the p lacenta 
and  may cause fetal respiratory compromise. 
(2:769-71, 986)

251.  (A) The patient is experiencing magnesium 
toxicity. This may be due to a mechanical mal-
function of the infusion pump or an error in 
the preparation of the infusion. Initial manage-
ment should  be d irected  toward  treating the 
respiratory compromise with either bag-mask 
ventilation or obtaining a definitive airway 
when available. Calcium gluconate should  be 
administered  as soon as possible in this patient 
w ith  p resumed  magnesium overd ose. The 
magnesium infusion should  be shut off imme-
d iately and  a magnesium serum level should  
be obtained  to confirm the d iagnosis. The 
patient's card iovascular status is not compro-
mised  and  therefore epinephrine is not ind i-
cated  at this time. (2:986; 5:521-2)

252.  (D ) MH is an au tosomal dominant d isease 
with incomplete penetrance. There are very 
few reports of the development of MH during 
pregnancy. Dantrolene does cross the placenta 
and  may be associated  with fetal hypotonia. 
There is also one report of uterine atony after 
administration of dantrolene, although this 
was thought to be secondary to the effects of 
mannitol. N euraxial anesthesia shou ld  be 
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encouraged  in all parturients with MH, how-
ever, standard  preparations should  be made in 
case general anesthesia is required . All local 
anesthetics are safe in MH patients. (2:1023-31)

253.  (C) The Apgar score is based  on five parame-
ters that are assessed  at one and  five minutes 
after birth. Further assessments may be made 
at five-minute intervals if the initial scores are 
low. Although the usefu lness of the Apgar 
score is still being debated , it is used  through-
out the world  to assess fetal wellbeing at birth. 
(2:159-61)

254.  (E) The drug protocols used  for ACLS in non-
pregnant patients should  also be used  in preg-
nant patients. A slightly higher placement of 
the hands for compressions, left u terine d is-
placement, and  early endotracheal intubation 
are all ind icated  in pregnant patients. While 
vasopressor agents may decrease blood  flow 
to the u terus, optimal care of the mother is the 
best therapy for the fetus. The amount of cur-
rent that reaches the fetus in card ioversion is 
negligible. (2:900-4)

255.  (C) If resuscitative efforts are unsuccessfu l, 
there is some evidence to support the perfor-
mance of a perimortem cesarean section (hys-
terotomy). Evacuation of the uterus allows for 
relief of aortocaval compression and  restora-
tion of venous return to the heart and may aide 
in maternal resuscitative efforts. It may also 
allow for delivery of a viable fetus depending 
on the gestational age and  time from onset of 
card iac arrest. Asystole is not a shockable 
rhythm. A second dose of vasopressin is not 
part of the ACLS protocol. (2:900-4)

256.  (E) Gastric emptying is not altered  during 
pregnancy, but is slowed during labor. In addi-
tion, the use of opioids (intravenously or neur-
axially) can also d elay gastric em ptying. 
Epidural administration of only local anes-
thetic has been shown not to delay gastric 
emptying. (2:23-5)

257.  (D ) Continuous fetal heart rate monitoring 
represents the best way of detecting u terine 
rupture. Pain, uterine tenderness, and maternal 

tachycard ia have both low specificity and  sen-
sitivity as d iagnostic symptoms or signs of 
lower u terine segment rupture. Most cases of 
lower u terine segment rupture do not lead  to 
severe hemorrhage as the lower uterine scar is 
relatively avascular. (2:380-3)

258.  (A) Factors affecting drug transfer across the 
placenta include drug size, lipid  solubility, pro-
tein binding, pKa, pH, and  blood flow. It is the 
free unbound  drug fraction that more easily 
crosses the placenta. (2:62-4)

259.  (E) The second stage of labor involves the d is-
tention of the vaginal vau lt and  perineum. 
These im p u lses ar ise from  the p u d end al 
nerves that are com p osed  of low er sacral 
fibers (S2-S4). (2:223)

260.  (B) Estrogen does induce an increase in the 
production of thyroid-binding globulin result-
ing in an increase in the total T3 and  T4 con-
centrations. However, it is the unbound free T3 
and  free T4 that are the active hormones and  
these remain unchanged  during p regnancy. 
The patient thus remains euthyroid . (2:25-6)

261.  (E) An OCT can be performed  w ith either 
spontaneous contractions, administration of 
intravenous oxytocin, or by d irect nipple stim-
ulation. The definition of a positive oxytocin 
contraction test is three adequate contractions 
in a ten-minu te period  w ith repetitive late 
decelerations. A negative OCT is associated  
with a 99% fetal survival within one week. A 
positive OCT has been associated  w ith an 
adverse fetal outcome in approximately 40% of 
cases. This combination of positive OCT and 
lack of fetal heart rate variability is especially 
ominous. (2:97-9)

262.  (A) The nonpregnant uterine circulation dem-
onstrates autoregulation. In contrast, the preg-
nant uterus has both placental and nonplacental 
circulations. The uteroplacental circulation is a 
widely d ilated , low resistance system where 
perfusion is largely pressure-dependent with 
little or no ability for autoregulation. Clinically, 
u teroplacental flow is dependent upon mater-
nal blood  p ressu re. In  contrast, a sm aller 
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portion of uterine blood flow supplies the myo-
metrium and nonplacental endometrium that 
may maintain autoregulatory responses in both 
the pregnant and nonpregnant state. The doses 
of general anesthetics used clinically have min-
imal effects on uterine blood flow unless there 
is significant maternal hypotension. The uter-
ine arteries arise from the internal iliac (hypo-
gastric) arteries. (2:37-40; 5:292)

263.  (D) The goals of anesthetic management for 
this patient should  include: (1) maintenance of 
a slow heart rate and sinus rhythm; (2) aggressive 
treatment of acute atrial fibrillation; (3) avoid -
ance of aortocaval compression; (4) mainte-
nance of adequate venous return; (5) maintenance 
of adequate systemic vascular resistance; and  
(6) prevention of pain, hypoxia, hypercarbia, 
and  acidosis, all of which can exacerbate pul-
monary hypertension. Epidural use allows for 
carefu l titration of local anesthetic and  may 
help reduce the incidence of hypotension. The 
epidural also decreases maternal tachycard ia 
that may be poorly tolerated . Phenylephrine is 
preferred  over ephedrine to treat hypotension 
given the d irect chronotropic effect of ephed-
rine. Vacuum or low outlet forceps delivery is 
preferred  to maternal expulsive efforts during 
the second stage of labor thus avoiding the del-
eterious effects of the Valsalva maneuver. The 
postpartum period  is of particular concern for 
these patients as the sudden increase in pre-
load  may flood  the central circu lation and  
resu lt in  the d evelopm ent of pu lm onary 
edema. Intensive monitoring should  be contin-
ued  for at least twenty-four hours after deliv-
ery of any w om an w ith  m itral stenosis. 
(2:891-4)

264.  (E) The unanticipated  d ifficu lt airw ay in 
obstetric anesthesia has the potential for very 
serious consequences with two patients at risk. 
The mother's life has priority, but every effort 
must be made to deliver a viable infant. Airway 
assessment shou ld  be reevaluated  p rior to 
cesarean section because significant changes 
can occur during labor. In the presence of fetal 
d istress and  the inability to intubate and  ven-
tilate the patient, placement of an LMA with 
cricoid  pressure and  proceed ing to emergency 

cesarean section is an acceptable alternative. 
(2:655-69)

265.  (A) Pregnancy is associated  with many labora-
tory deviations from "normal." Hemoglobin 
and  hematocrit d ecrease, p latelets rem ain 
unchanged  or decrease, and  most coagulation 
factors increase, BUN and creatinine decrease, 
and  both bicarbonate and  PCO2 decrease result-
ing in little change in pH. (2:120-3)

266.  (D) Benzodiazepines are no longer felt to cause 
facial cleft defects and  therefore may be used  
safely in pregnancy. Incompetence of the lower 
esophageal sphincter and  anatomic changes 
associated  with pregnancy both increase the 
risk of aspiration pneumonia. Although it is 
unclear at w hat stage of p regnancy th is 
becomes significant, aspiration prophylaxis is 
p rud ent in the p regnant patient. Regional 
anesthesia is a reasonable alternative to gen-
eral anesthesia and  potentially limits d rug 
exposure during surgery. The uterus does not 
become an intraabdominal organ until 12-13 
weeks gestation and  therefore left uterine d is-
placement is not necessary in the first trimester. 
(2:342-6; 5:1150)

267.  (D) Molar pregnancy occurs in 1 of 1500 preg-
nancies in the United  States. Clinically the 
patient presents w ith vaginal bleed ing after 
delayed  menses. The absence of fetal card iac 
activity, a u terus large for gestational age, and  
a marked  elevation of beta-hCG are all highly 
suggestive of hydatid iform mole. The u ltra-
sound demonstrates the presence of hydropic 
villi that is pathognomonic for molar p reg-
nancy. (2:329-32)

268.  (C) Molar pregnancies tend  to bleed  profusely. 
Oxytocin infusion is advocated either before or 
during the evacuation of the u terus to help  
reduce the amount of blood loss. Acute card io-
pulmonary d istress has been observed  in as 
many as 27% of patients after evacuation. 
While there are multip le causes, trophoblastic 
embolization is responsible in more than half 
the cases. General anesthesia is preferred  over 
neuraxial anesthesia given the potential for 
massive hemorrhage. (2:329-32)
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269.  (D) Small doses of nitroglycerine (50-100 mcg) 
have been shown to relax the uterus to allow for 
manual extraction of the p lacenta. Caution 
should be used with the use of regional anesthe-
sia in the presence of significant postpartum 
bleeding to avoid hypotension. Ketamine is a 
good induction drug in the presence of mater-
nal bleeding, but has been shown to produce a 
dose-related increase in uterine tone. (2:822-23)

270.  (C) The pattern represented  is that of early 
decelerations, in which the heart rate decreases 
with the onset of contraction, reaches the low 
point with the peak of contraction, and  then 
returns to baseline as the uterus relaxes. In con-
trast, late decelerations start after the contrac-
tion is underway, and  the low point occurs 
after the contraction is over. Variable decelera-
tions are variable in shape and  onset. (2:143-6;
5:292-3)

271.  (C) The early deceleration pattern is seen with 
fetal head  com p ression, w hich  lead s to 
increased  vagal tone. Cord  compression leads 
to variable decelerations, w hereas p lacental 
insufficiency leads to late decelerations. (2:144-
5; 5:293)

272.  (B) There is a higher frequency of prolapsed  
cord , especially w ith a footling or complete 
breech presentation, because the fetal head  no 
longer occupies the lower uterine segment. A 
higher incidence of congenital abnormalities 
has been found . The fetal head  is the largest 
presenting part and  it is last to present, there-
fore, fetal head  entrapment can occur and  is a 
life threatening complication of vaginal breech 
delivery that may require rapid  induction of 
general anesthesia or the use of either sublin-
gual or intravenous nitroglycerine. (2:779-786)

273.  (D) The usual blood loss in an uncomplicated  
vaginal delivery of tw ins is approximately 
1000 mL. (2:23; 4:789)

274.  (A) Tocolytic agents, su ch as ritod rine and  
terbutaline, relax u terine smooth muscle by 
d irect stimulation of β -adrenoceptors. These 
patients are at increased risk for fluid overload, 
tachycard ia, d ysrhythm ia, hyperglycem ia, 

hypokalemia, hypotension, and  pu lmonary 
edema. The etiology of pulmonary edema is 
controversial and  has been reported  to be both 
card iac and  noncard iac in origin. (2:765-769; 
5:293-94)

275.  (D) Compression of the lumbosacral trunks by 
the fetal head  is probably the most common 
cause of postpartum  foot d rop . Incorrect 
patient positioning can cause peroneal nerve 
inju ry secondary to the lithotomy stirrups. 
Femoral nerve compression can occur second-
ary to excessive flexion of the hip in the lithot-
omy position. Epidural hematoma or chemical 
contamination of the subarachnoid  space for-
tunately are rare complications. (2:701-21)

276.  (D) Opioid  agonist–antagonists may trigger 
withdrawal symptoms when administered  to 
opioid-tolerant patients. (2:1142)

277.  (E) Predisposing conditions for uterine rupture 
include p revious u terine surgery, especially 
vertical incisions and  prolonged  intrauterine 
manipulation. Trauma and  grand  multiparity 
have also been associated  with uterine rupture. 
Accord ing to the Am erican  College of 
Obstetricians and  Gynecologists (ACOG), a 
patient with a twin gestation who is a candi-
date to undergo a vaginal birth after cesarean 
section (VBAC) is at no greater risk of u terine 
rupture than a singleton pregnancy. There has 
been concern about regional anesthesia mask-
ing signs of rup tu re, especially in patients 
attempting vaginal birth after cesarean. The 
experience seems to support the safety of epi-
dural anesthesia if continuous electronic mon-
itoring of u terine activity and  the fetal heart 
rate is performed. (2:817)

278.  (D) Anesthetic requirements are decreased  in 
p regnancy, w ith 25% less local anesthetic 
need ed  for regional anesthesia. Anatomic 
changes, such as d istended  epidural veins or 
decreased  volume of CSF, increase spread  of 
local anesthetics. However, these changes are 
also seen in the first trimester, well before sig-
nificant mechanical changes have occurred . It 
is postu lated  that p regnancy-ind uced  hor-
monal changes in nerve tissue sensitivity are 
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also responsible for the altered  sensitivity to 
local anesthetics. Increased  progesterone con-
centrations may be responsible for the 25% to 
40% reduction in MAC to general anesthetics. 
Endorphin concentrations rise during preg-
nancy thus contributing to an elevated  pain 
threshold . (2:27-31)

279.  (D ) All u terotonics shou ld  be d iscontinued  
until after the uterus is replaced . Uterine relax-
ation is necessary to rep lace the u teru s. 
Additional help should  be summoned as blood 
loss can be massive resulting in hypovolemic 
shock and  maternal death. (Dayan S, et al., 
Anesth Analg 1996; 82:1091-3)

280.  (D ) IV administration of nitroglycerine has 
both a rapid  onset (30-40 sec) and  a short-lived  
effect (approximately 1 min) on uterine relax-
ation. Hypotension is minimal at this dose. 
Ritodrine, terbutaline, and  magnesium sulfate 
have all been used , but none are as rapid  in 
onset and their effects may need to be reversed. 
A saddle block would  be impractical and  con-
traindicated  given the profound hypotension. 
(Dayan S, et al., Anesth Analg 1996; 82:1091-3)

281.  (C) Methods to prevent maternal hypotension 
include fluid  administration, lateral d isplace-
ment of the uterus, placing the patient on her 
side as opposed  to the sitting position during 
placement of the spinal anesthetic, and  infu-
sion of a vasopressor. A head-down tilt may 
result in more cephalad  spread  of a hyperbaric 
local anesthetic solution. This will potentially 
increase the level of the block and  cause more 
hypotension. (2:531; 5:1155)

282.  (A) Fetal blood  capillary testing may be used  
to assess fetal w ell-being d uring labor. It 
requires adequate cervical d ilation to allow for 
sampling of the presenting part. It may be used  
in both vertex and  breech presentations. If the 
resulting pH is intermediate, continued  close 
monitoring and  repeat sampling within thirty 
minutes is required  if delivery has not been 
accomplished . (2:148)

283.  (C) All the findings are present in preeclampsia 
and eclampsia, except the presence of seizure 

activity. Eclampsia is defined as the new onset of 
seizures or unexplained coma during pregnancy 
or the postpartum period in a woman with signs 
and symptoms of preeclampsia and without a 
preexisting neurologic disorder (2:998)

284.  (D ) The stomach is d isp laced  upward  and  
toward  the left side of the d iaphragm and  its 
axis is rotated  45 degrees to the right. This d is-
p laces the intraabd om inal portion of the 
esophagus into the thorax, thus reducing lower 
esophageal sphincter tone. In addition, proges-
tins also contribute to a relaxation of the lower 
esophageal sphincter tone. (2:23-5)

285.  (B) Prophylactic epidural saline bolus has not 
been shown to be effective in decreasing the 
incidence of PDPH. MRI studies obtained  after 
EBP have confirmed  a predominantly cepha-
lad  spread of injected  blood, therefore the low-
erm ost in terspace shou ld  be u sed . Most 
anesthesia providers inject 10-20 mL of blood. 
Success rates of up to 85% have been cited  after 
performance of a single EBP with a 98% suc-
cess rate after a second EBP. Ninety-five per-
cent of postdural puncture headaches last less 
than one week, although rarely symptoms may 
last months or even years. (2:682-95; 5:862-63)

286.  (D) During the first assisted  breath, positive 
p ressure at 30-40 cm H 2O should  be main-
tained  for 4-5 sec at the end  of inspiration to 
overcome the surface tension of the lungs and  
open the alveoli. Subsequently, the maximal 
pressure generated  should  be between 20-30 
cm H 2O. (2:164-70)

287.  (D) Loss of sympathetic tone below the level of 
the lesion does render the patient more suscep-
tible to orthostatic hypotension. These patients 
often have low baseline blood pressure and this 
can be worsened by administration of neuraxial 
or general anesthesia. Women with spinal cord  
lesions at or above T6 are at increased  risk of 
autonomic hyperreflexia and  therefore neur-
axial anesthesia is appropriate and indicated in 
this patient. Noxious stimuli, bladder d isten-
tion or uterine contractions can all cause malig-
nant hypertension in a patient with autonomic 
hyperreflexia. A standard  test dose of 3 mL 
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1.5% lidocaine will not identify an accidental 
subarachnoid  injection as the patient is already 
paraplegic. The administration of succinylcho-
line to a paraplegic patient may resu lt in a 
hyperkalemic response. (2:1056-9)

288.  (C) 2-chloroprocaine is metabolized rapid ly by 
plasma and  tissue esterases, therefore it does 
not attain a high concentration in the fetus. The 
other agents also cross the p lacenta but are 
broken down more slowly resulting in higher 
maternal:fetal ratios. (2:248-9; 5:1157)

289.  (C) The risk of p lacenta accreta is 1:2500 in the 
general population. This risk increases in the 
p resence of p lacenta p revia and  fu rther 
increases with each subsequent history of pre-
vious cesarean section. In this case, the risk of 
p lacenta accreta is approximately 60%. (5:296)

290.  (E) This patient is at significant risk for post-
partum hemorrhage. She is also potentially at 
risk for a d ifficult airway. A CSE would  allow 
for excellent anesthesia w ith the ability to 
extend  the anesthetic should  it be warranted . 
Large-bore IV access and  the immediate avail-
ability of blood  is mand atory. If p lacenta 
accreta is encountered , obstetrical hysterec-
tomy may be required . Although the proce-
dure could  be done under spinal anesthesia, 
this method  would  not allow for extension of 
the neuraxial block and  could  necessitate gen-
eral anesthesia in a patient with a suspected  
d ifficult airway. (5:296)

291.  (E) Meralgia paresthetica is a neuropathy of the 
lateral femoral cutaneous nerve and is probably 
the most commonly encountered neuropathy 
related to childbirth. It may arise during preg-
nancy or intrapartum. The most likely cause is 
entrapment of the nerve as it passes around the 
anterior superior iliac spine beneath or through 
the inguinal ligament. (2:705-7)

292.  (C) In this patient w ith surgically corrected  
scoliosis, epidural analgesia may not be pos-
sible. Caudal anesthesia may be more techni-
cally feasible and  is an acceptable alternative. 
Unintentional dural puncture and  intravascu-
lar  cannu lation  are p ossible w ith  cau d al 

anesthesia, especially w hen the need le is 
advanced  further into the caudal canal. A test 
dose is therefore recommended . If a continu-
ous caudal is placed , there is possibly a higher 
risk of infection and  larger volumes of d rugs 
are required . (2:236-9, 432-3)

293.  (C) PCA with meperid ine, morphine, or fen-
tanyl have all been used for labor. More recently, 
remifentanil has been used because of its poten-
tial advantages resulting from its pharmacoki-
netic properties that include rapid  onset and  
rapid metabolism via plasma and tissue ester-
ases. Remifentanil has been shown to cause less 
nausea and vomiting compared to other opioids 
such as meperid ine. Although remifentanil 
readily crosses the placenta, it is rapidly redis-
tributed and metabolized by the fetus. The con-
text-sensitive half-time is unaltered  by the 
duration of administration. (2:420-3; 5:713)

294.  (A) FRC decreases at term. There is an increase 
in dead  space, tidal volume, lung compliance, 
and inspiratory reserve volume at term. (2:19-21; 
5:290-1)

295.  (D) Recurrent genital herpes infection does not 
contraindicate the administration of neuraxial 
anesthesia. Unlike primary herpes infection, 
maternal antibodies are present with second-
ary infection and  therefore viremia is unlikely. 
There are insufficient data to allow a definitive 
recommendation regard ing neuraxial anesthe-
sia in patients with primary infection. Patients 
w ith a history of HSV-2 are often placed  on 
prophylactic antiviral medication in hopes of 
preventing a recurrent outbreak as this neces-
sitates the performance of a cesarean section in 
order to decrease the incidence of neonatal 
herpes infection. (2:806-7; 5:713)

296.  (C) Pheochromocytoma is rare during preg-
nancy with an estimated  incidence of less than 
0.2 per 10,000 pregnancies. Patients present 
w ith  a variety of paroxysm al sym ptom s 
includ ing headache, sw eating, and  palp ita-
tions. Hypertension and  orthostatic hypoten-
sion are common. Definitive therapy is surgical 
resection of the tumor. Patients are placed  on 
α- and  β -ad renocep tor antagonists prior to 
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resection. The second  trimester is the ideal 
tim e for laparoscop ic or open resection. 
Alternatives include cesarean section at term 
with concurrent tumor resection, cesarean at 
term with open or laparoscopic resection 2–8 
weeks later, or vaginal delivery with laparo-
scop ic resection 6 w eeks later. To prevent 
increased  abdominal pressure on the tumor 
during labor, cesarean section is the preferred  
method of delivery in patients with unresected  
pheochromocytoma. (2:929-34; 5:1124-6)

297.  (D) General anesthetic agents readily cross the 
placenta and  affect the fetus. In add ition, FHR 
variability does not become consistently reac-
tive until approximately 27 to 28 weeks gesta-
tional age. Therefore, a d ecrease in  FH R 
variability alone is not necessarily a cause for 
concern. However, sustained  fetal tachycard ia, 
bradycard ia, or recurrent FHR decelerations 
do suggest fetal compromise. (2:1161)

298.  (E) Plasma cholinesterase levels are typically 
d ecreased  by 25% d uring p regnancy. The 
decreased  concentrations do not result in clin-
ically significant effects on ester-type local 
anesthetics or succinylcholine in the doses gen-
erally used . (2:338-9)

299.  (C) Achondroplasia occurs with a prevalence 
of 1 in 26,000 live births. Most cases do occur 
from a spontaneous mutation. Neuraxial anes-
thesia may be d ifficult because of the associ-
ated  changes involving the sp inal column. 
These patients may have decreased  cervical 
range of motion and  a higher incidence of d if-
ficult intubation has been reported  in achon-
droplastic patients. Although steps should  be 
taken to deal with a potentially difficult airway, 
most reports show no d ifficulty with airway 
management. It can be very d ifficult to predict 
the correct dose of local anesthetic to be used  
during neuraxial anesthesia and  these patients 
are at increased  risk for either inadequate or 
high/ total spinal. It has been suggested  that 
epidural anesthesia be used  as this allows the 
anesthesiologist to titrate the dose of local 
anesthetic to the desired  level of anesthesia. 
(2:1048-49)

300.  (D) EXIT procedures are used  for a variety of 
situations includ ing thoracotomy for cystic 
adenomatoid  malformation, transition from 
placental gas exchange to ECMO for expected  
pulmonary insufficiency, excision of giant cer-
vical teratom a, and  laryngeal atresia. 
Anesthetic technique includes the placement 
of an epidural catheter for postoperative anal-
gesia. The same principles apply to induction 
of general anesthesia for an EXIT procedure as 
those for cesarean delivery. However, suffi-
cient time must be allowed  after induction of 
anesthesia to achieve high-end tidal concentra-
tions of volatile agent (2–3 MAC) prior to sur-
gery to ensure u terine relaxation and  fetal 
anesthesia. Fetal anesthesia can be supp le-
mented  with opioid  and / or paralytic agent 
administered  via ultrasound guidance prior to 
hysterotomy or d irectly after delivery of the 
fetus. Intubation is performed after delivery of 
the fetal head and shoulders, but the fetus is not 
ventilated  and  fetop lacental circu lation is 
maintained . After the surgical procedure is 
completed , the fetus is given surfactant if ind i-
cated  through the endotracheal tube and  ven-
tilated. Once the fetus' oxygenation is adequate, 
the umbilical cord  is cut and  the infant is given 
to the neonatology team. Once the infant is 
d elivered , u terine relaxation  is rap id ly 
reversed , the u terus is closed , and  the patient 
is extubated  at the end  of the procedure. The 
epidural is then used  for postoperative pain 
management. (2:123-31)

301.  (C) There is an increase in cardiac output as 
pregnancy progresses until about the eighth 
month, at which time the increase is attenuated. 
When studying cardiac output in the pregnant 
patient, one must know whether the study was 
made with the patient in the supine or lateral 
position. In the supine position, cardiac output 
will be decreased because of the weight of the 
u terus primarily on the inferior vena cava 
although compression of the aorta also occurs. 
Up to 15% of term parturients will experience 
bradycard ia and  a substantial drop in blood 
pressure when supine resulting in supine hypo-
tension syndrome. A 10-15 degree left lateral tilt 
is recomm end ed  in  partu rients beyond  17 to 
20 weeks gestational age. (2:18, 531)
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302.  (C) Hypotension occurs more frequently with 
epidural administration of an alkalinized  local 
anesthetic likely due to the more rapid  onset of 
sympathetic blockade. (2:271-4)

303.  (A) Many drugs administered to the parturient 
cross the placenta and  have neonatal effects 
ranging from fetal heart rate changes to neona-
tal depression. Opioids are the most commonly 
used agents during labor and may produce neo-
natal depression depending upon the total dose 
and time interval from administration to deliv-
ery of the fetus. Inhalational agents rapid ly 
cross the placenta and cause uterine relaxation. 
Muscle relaxants have minimal transfer. (2:62-6)

304.  (B) Total spinal anesthesia is a very serious and  
rare complication of intrathecal, epidural, or 
subdural administration of local anesthetic. 
Several mechanisms have been proposed  after 
failed  epidural including expansion of the epi-
dural space resu lting in compression of the 
sp inal canal and  fu rther cephalad  spread  of 
intrathecal anesthetic, rapid  transfer of anes-
thetic from the ep idural space through the 
d ural hole, and  su fficient coverage of the 
neural roots that decreases the dose require-
m ents of su bsequ ent sp inal anesthesia. 
Supportive measures includ ing vasopressors 
and  flu ids should  be instituted . Endotracheal 
intubation and  general anesthesia may be 
required . (2:462-3)

305.  (C) There is an increase in left ventricular end-
d iastolic volume and  no change in left ven-
tricu lar end -systolic volume resu lting in an 
increased  ejection fraction. Card iac contractil-
ity is increased , SVR decreases, and  heart rate 
increases. (2:16-9; 5:290)

306.  (F) Amniotic flu id  embolism occurs when fetal 
tissue gets into the maternal circulation. It is 
reported  to occu r d u ring tum u ltuous labor. 

It is now thought to be secondary to a massive 
autoimmune response to the fetal tissue rather 
that a true embolus to the pulmonary artery. 
Patients experience card iovascu lar collapse 
and  become coagulopathic. Immediate deliv-
ery of the fetus along with aggressive resusci-
ta t ion  an d  extracorp oreal m em bran e 
oxygenation may be ind icated . Despite these 
efforts, the mortality rate remains high and  
intact su rvival remains low. (Gist R, et al., 
Anesth Analg 2009; 108:1599-1602)

307.  (E) Placental abruption occurs with premature 
separation of the p lacenta from the u terine 
w all. Multip le risk factors exist includ ing 
smoking, cocaine use, trauma, hypertension, 
preeclampsia, d iabetes, multiple pregnancies, 
and  advanced  maternal age. Classic find ings 
include abdominal pain, bleeding (sometimes 
concealed), uterine irritability, and  tenderness. 
Concealed  bleeding may not be seen by ultra-
sound in up to 50% of cases. (5:296)

308.  (F) Although carboprost tromethamine is the 
preferred  prostagland in treatment for refrac-
tory uterine atony, it is relatively contraindi-
cated  in patients with reactive airway d isease. 
Misoprostol is a prostagland in E1 analogue 
that may be used  in p lace of carboprost tro-
methamine in patients w ith reactive airway 
d isease or pulmonary hypertension. The rec-
ommended dose is 800-1000 mcg per rectum 
for cases unresponsive to other u terotonic 
agents. (2:818-22; 5:1155-7)

309.  (G) Ergot alkaloids are a class of d rugs used  to 
treat u terine atony. Ergonovine and  methyler-
gonovine are the two most commonly used  
ergot alkaloids used  to treat uterine atony. In 
cases of life-threatening hemorrhage, a slow 
intravenous injection may be considered  in an 
attempt to treat both postpartum hemorrhage 
and  hypotension. (2:821)
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CHAPTER 16

Pediatric  Anes thes ia
Ques tions

DIRECTIONS (Questions 310-396): Each of the 
numbered  items or incomplete statements in this 
section is followed by answers or by completions of 
the statement. Select the ONE lettered  answer or 
completion that is BEST in each case.

310. Preoperative evaluation of a 4-year-old  boy for 
myringotomy and  p lacement of tympanos-
tomy tubes is concerning for possible d ifficulty 
w ith airw ay m anagem ent. Physical exam 
reveals micrognathia, glossoptosis, and  cleft 
palate. What is the most likely d iagnosis?

(A)  Beckwith Syndrome
(B)  Goldenhar Syndrome
(C)  Pierre-Robin Syndrome
(D)  Treacher Collins Syndrome
(E)  Trisomy 21

311. A 2-year-old  child  is rushed  to the trauma 
room for a laparotomy after sustaining multi-
p le injuries in a motor vehicle accident. The 
child  arrives intubated  and  pharmacologically 
paralyzed . The child  is tachycard ic, mild ly 
hypotensive, and  hypothermic. All of the fol-
lowing may be consequences of unintended , 
intraoperative hypothermia EXCEPT

(A)  decreased  oxygen consumption
(B)  increased  metabolic rate
(C)  systemic hypotension
(D)  pulmonary hypertension
(E)  hypoglycemia

312. A newborn infant born at 33 weeks gestational 
age presents for gastroschisis repair. In prepar-
ing medications for this patient, all of the fol-
lowing are considerations that will affect your 
medication selection EXCEPT

(A)  increased  ventilatory depression from 
maternally administered  opioids

(B)  immature blood brain barrier
(C)  lower protein availability for drug 

bind ing
(D)  increased  sensitivity to CNS toxicity of 

lidocaine
(E)  immature enzyme systems for drug 

metabolism

313. A 3-week-old  infant, born at 38 weeks gesta-
tional age, weighing 4 kg, presents for a Ladd’s 
procedure. In order to request the appropriate 
amount of blood , you would  like to know the 
allowable blood  loss for this patient. What is 
the blood  volume of this patient?

(A)  160 mL
(B)  200 mL
(C)  400 mL
(D)  280 mL
(E)  320 mL

314. A 6-year-old  boy presents to the hold ing area 
for elective repair of an inguinal hernia. He is 
a mild  asthmatic and  has not taken any daily 
asthma med ications for 5 weeks. He is cur-
rently wheezing throughout on physical exam. 
You inform the mother that you will

(A)  proceed  with surgery without treatment
(B)  postpone until tomorrow after 2 doses 

of montelukast
(C)  refer the patient to his pediatrician for 

evaluation and  treatment
(D)  proceed  with surgery after albuterol
(E)  perform surgery with sedation and  

analgesia with local infiltration

281
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315. A 2-year-old  child  has suffered extensive burns 
to his head , neck, and  torso. What percentage 
of his body has been affected?

(A)  30% of total surface area
(B)  35% of total surface area
(C)  40% of total surface area
(D)  45% of total surface area
(E)  50% of total surface area

316. A neonate presents with respiratory d istress, a 
scaphoid  abdomen, and  absent breath sounds 
on the left side of the chest. The incidence of 
this congenital lesion is 1 in 2000-5000 live 
births. Which one of the following statements 
is true?

(A)  Mortality in infants with this lesion is 
50-70%.

(B)  70% of all lesions involve the foramen of 
Bochdalek.

(C)  30% of infants with this lesion have an 
accompanying congenital urologic 
abnormality.

(D)  30% of infants with this lesion have an 
accompanying congenital card iac lesion.

(E)  Approximately 5% of infants with this 
lesion present with symptoms of bowel 
obstruction.

317. A 3-m onth-old  African-Am erican baby is 
scheduled  for elective repair of an inguinal 
hernia. He has an older brother with sickle cell 
anemia, but he has not had any diagnostic tests 
for sickle cell anemia. His hematocrit is 30%. 
This baby

(A)  almost certainly has sickle cell anemia
(B)  should receive a preoperative transfusion
(C)  should  undergo a screening test for HbS 

prior to anesthesia
(D)  may undergo anesthesia safely without 

further testing
(E)  has a 50% chance of having sickle cell 

anemia

318. A 10-day-old  infant, born at 27 w eeks gesta-
tional age, weighing 1,100 g at birth, is noted  
to have clin ical signs and  sym p tom s of 

peritonitis and  in testinal obstru ction. The 
patient has had  increasing oxygen requ ire-
ments over the past 48 h, and has been becoming 
progressively more tachypneic. The patient is 
also thrombocytopenic, and  has d eveloped  
m etabolic and  resp iratory acid osis. Which 
one of the follow ing statements is true of this 
patient’s likely d iagnosis?

(A)  It is an anomaly found predominantly 
in premature infants.

(B)  Umbilical artery catheterization should  
be performed  in order to monitor hema-
tologic and  metabolic abnormalities.

(C)  The mortality is about 50%.
(D)  Cardiovascular collapse usually occurs 

early in the course of the illness.
(E)  Metabolic abnormalities include 

hypoglycemia resulting from intestinal 
malabsorption.

319. A 4-year-old  child  requires postoperative intu-
bation and  sedation in the PICU. It is expected  
that the child  will remain intubated  for more 
than 1-2 d . Which one of the following is the 
least desirable medication to use for sedation 
for this period  of time?

(A)  Midazolam
(B)  Morphine
(C)  Ketamine
(D)  Propofol
(E)  Dexmedetomidine

320. A 4-day-old , fu ll term neonate presents for 
repair of imperforate anus. The baby has no 
other abnormalities. All of the following are 
true regard ing transitional circulation in this 
patient EXCEPT

(A)  the patient’s pulmonary vascular resis-
tance has decreased  relative to the 
pressures in utero

(B)  the patient’s pressures on the left side of 
the heart have increased  relative to the 
pressures in utero

(C)  completion of closure of the ductus arte-
riosus requires adequate arterial muscle 
tissue
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(D)  mechanical closure of the ductus arteri-
osus has occurred  in this patient

(E)  events during anesthesia may cause a 
return to fetal circulation

321. A 1-month-old  infant, born at 35 weeks gesta-
tional age, presents for inguinal hernia repair. 
The patient no longer requires oxygen and  no 
longer demonstrates ep isodes of apnea and  
bradycard ia. A spinal anesthetic is performed 
with tetracaine and  then the patient is posi-
tioned  for su rgery. During positioning the 
patient’s legs are inad vertently raised  up 
above the patient’s torso. What is the most 
likely clinical sign that w ill be seen in the 
patient?

(A)  A decrease in oxygen saturation
(B)  Agitation or irritability
(C)  Hypotension
(D)  An increase in heart rate
(E)  Loss of consciousness

322. A 2-year-old  child  (weight 13 kg) is scheduled  
for circumcision. The most su itable dose of 
local anesthetic for a dorsal penile block is

(A)  bupivacaine 0.25% 8 mL
(B)  lidocaine 1% 8 mL
(C)  lidocaine 1.5% with epinephrine 

1:200,000 8 mL
(D)  bupivacaine 0.25% 15 mL
(E)  bupivacaine 0.125% 15 mL

323. Preoperative assessment of a healthy pediatric 
patient shows the patient to be normotensive 
with a blood  pressure of 82/ 54. What is the 
likely age of this patient?

(A)  full term neonate
(B)  4 months
(C)  8 months
(D)  12 months
(E)  18 months

324. A 3-year-old  healthy child  presents preopera-
tively for elective repair of an umbilical hernia. 
The mother informs you  that the child  had  
4 ounces of apple juice 2 h ago. You recommend

(A)  to cancel surgery
(B)  to delay surgery by 2 h
(C)  to delay surgery by 4 h
(D)  to delay surgery by 6 h
(E)  to proceed  with surgery now

325. In the delivery room, after birth, an infant is 
noted at 1 min to be blue, motionless and unre-
sponsive, with minimal respiratory effort, and  
heart rate of 70 bpm. At 5 min after birth, the 
infant is centrally pink with blue extremities, 
demonstrates some flexion at the hips and  
slight grimacing to stimulation, still has mini-
mal resp iratory effort, and  a heart rate of 
80 bpm. Initial resuscitation should  include all 
of the following EXCEPT

(A)  oxygen
(B)  rad iant heat
(C)  intubation
(D)  glucose
(E)  bicarbonate

326. A newborn has Apgar scores of 4 and 5 at 1 and  
5 min, respectively, and  requires resuscitation, 
includ ing intubation, after birth. Which one of 
the follow ing is the most significant factor 
associated  with lack of closure of the ductus 
arteriosus in this patient?

(A)  Increased  PaCO2

(B)  Decreased  PaCO2

(C)  Increased  PaO2

(D)  Decreased  PaO2

(E)  Increased  pulmonary artery pressure
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327. A 5-month-old  infant is anesthetized  for cor-
rection of an eye condition. Immediately after 
intubation, bilateral breath sounds and  chest 
excursion are noted  and  there is 100% oxygen 
saturation with an FIO2 of 0.5. After positioning 
for surgery, the oxygen saturation is noted  to 
have dropped to 94%, no other changes having 
been made. The most likely cause for this fall 
in oxygen saturation is

(A)  a kinked  endotracheal tube
(B)  bronchospasm
(C)  migration of the endotracheal tube into 

the right mainstem bronchus
(D)  inspissated  secretions plugging the tube
(E)  anesthesia machine failure

328. A 20-month-old  child  presents for removal of 
a swallowed foreign body. The child  is crying 
intermittently, and is reluctant to separate from 
his father for any length of time. The child  is 
d rooling significantly and  appears unable to 
swallow his secretions, but is not in respiratory 
d istress. He complains of a sore throat. Which 
one of the following is the most appropriate 
premedication and  route for this patient?

(A)  Oral midazolam
(B)  Nasal midazolam
(C)  Rectal midazolam
(D)  Oral fentanyl
(E)  Oral ketamine

329. A neonate is noted  to have a murmur. The 
patient is not cyanotic, bu t is noted  to have 
dyspnea, tachypnea, and  d iaphoresis w ith 
eating. What is the most likely congenital car-
d iac defect?

(A)  Atrial septal defect
(B)  Ventricular septal defect
(C)  Tetralogy of fallot
(D)  Coarctation of the aorta
(E)  Transposition of the great arteries

330. An infant is undergoing general anesthesia for 
pyloromyotomy. A rapid  sequence induction 
was performed with propofol and succinylcho-
line. Anesthesia was maintained  with sevoflu-
rane in oxygen and  air. After induction the 

patient was noted  to be tachycard ic. During 
the surgery, the patient is noted  to become 
more tachycard ic with a rise in end  tidal CO2,
and  an increase in temperature as measured 
with nasopharyngeal temperature probe. You 
are concerned  that this cou ld  be malignant 
hyperthermia. Of the follow ing signs and 
symptoms, which one is the most common first 
sign of malignant hyperthermia?

(A)  Cyanosis
(B)  Dark-colored  urine
(C)  Hypercarbia
(D)  Arrhythmia
(E)  Hot circle absorber

331. An 11-month-old , 10-kg infant presents for 
hypospad ias repair. The child  is otherwise 
healthy. An LMA is placed after induction and  
the patient is then ventilated with tidal volumes 
of 80 mL. What percentage of that volume is 
respiratory dead space in this patient?

(A)  5%
(B)  10%
(C)  20%
(D)  30%
(E)  40%

332. Your institution is evaluating various pediatric 
warming devices in order to choose the most 
effective for use in your operating room. Which 
one of the following statements is true of the 
available pediatric warming devices?

(A)  When using rad iant warmers, core tem-
perature should  be measured  to prevent 
skin burns.

(B)  Circulating water blankets are not very 
useful in children smaller than 10 kg 
due to the decreasing ratio of body sur-
face area to body mass.

(C)  A warm air mattress is the most useful 
device to keep a child  warm.

(D)  Use of heat moisture exchangers is an 
efficient way to increase a child’s body 
temperature.

(E)  Circulating water blankets work by con-
vection and  therefore, they should  not 
be d irectly in contact with the skin.
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333. A healthy 5-month-old presents for repair of an 
umbilical hernia. Induction of anesthesia is 
uneventful and  surgical preparation and  drap-
ing are completed . At incision it is noted  that 
the patient’s temperature is 34.9°C. The patient 
had  a normal temperature in the preoperative 
area. The most important factor in the operat-
ing room contributing to the patient’s current 
temperature is which one of the following?

(A)  Body temperature on arrival to the oper-
ating room

(B)  Room temperature
(C)  Lack of a warming blanket
(D)  Use of cold  flu ids
(E)  Temperature of prep solutions

334. A neonate presents for repair of an inguinal 
hernia. The plan is for a spinal anesthetic. The 
parents are agreeable to a spinal but are con-
cerned  about injury to the infant’s spinal cord . 
You explain to the parents the technique for 
spinal in a neonate and  how to minimize the 
chance of injury to the spinal cord , emphasiz-
ing that the conus medullaris is located  at 
w hich one of the follow ing levels in  the 
neonate?

(A)  First lumbar vertebra
(B)  Second lumbar vertebra
(C)  Third  lumbar vertebra
(D)  Fourth lumbar vertebra
(E)  Fifth lumbar vertebra

335. A 4-year-old  previously healthy child  presents 
for repair of a femur fracture. The plan is for an 
inhalational induction followed by placement 
of a peripheral IV and  then intubation. Which 
one of the following is the most appropriate 
size uncuffed  endotracheal tube for this child?

(A)  3.5 mm
(B)  4.0 mm
(C)  4.5 mm
(D)  5.0 mm
(E)  5.5 mm

336. An 18-month-old  child  presents for repair of 
tetralogy of Fallot. During the procedure, prior 
to card iopulmonary bypass, the child’s blood  

pressure is noted to decrease over several min-
utes from 88/ 57 to 76/ 41. All of the following 
are true EXCEPT

(A)  the patient’s SpO2 will likely decrease 
with this decrease in blood pressure

(B)  phenylephrine is a useful medication to 
increase blood pressure in this patient

(C)  epinephrine is a useful medication to 
increase blood pressure in this patient

(D)  if the blood pressure continues to fall, 
the surgeon should  be asked  to apply 
pressure to the aorta.

(E)  ephedrine is not a useful medication to 
increase blood pressure in this patient

337. A child  is admitted  with an incarcerated  ingui-
nal hernia. The child  has nasal congestion and  
d ischarge, with a productive cough. The child  
is afebrile and  lung sounds are clear to auscul-
tation bilaterally. Which one of the following is 
the most appropriate way to proceed?

(A)  The surgery should  be cancelled .
(B)  The surgery should  be allowed to 

proceed , but the child  should  not be 
intubated .

(C)  The child should be started on antibiotics, 
and the surgery should proceed.

(D)  The surgery should  proceed  with careful 
monitoring.

(E)  The patient should  be operated  on only 
under spinal anesthesia.

338. A neonate presents for repair of myelomenin-
gocele. The neonate was born full term. All of 
the follow ing are true regard ing anesthetic 
technique and surgery for this patient EXCEPT

(A)  supine position should  be avoided  and  
therefore the patient should be intubated  
in the lateral position

(B)  succinylcholine may be used  safely in 
this patient

(C)  extubation at the conclusion of the 
surgery is desirable

(D)  spinal anesthesia is a possible technique 
for this patient

(E)  this patient will likely need  a ventriculo-
peritoneal shunt
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339. A 6-year-old , 24-kg child  presents for a cyst 
removal. The child  has been NPO since mid-
night and  it is now 0800. What is this child’s 
approximate flu id  requirement for the fasting 
deficit?

(A)  190 mL
(B)  240 mL
(C)  380 mL
(D)  510 mL
(E)  580 mL

340. A 12-year-old  patient with sickle cell d isease 
presents for an exploratory laparoscopy and  
possible laparotomy. The patient is otherwise 
healthy and  has not had  a vaso-occlusive crisis 
in several months. Preparation of this patient 
for surgery should  include all of the following 
EXCEPT

(A)  transfuse to a hemoglobin level of 
15 g/ dL

(B)  treat infection
(C)  maintain good  hydration
(D)  provide good  pulmonary care
(E)  avoid  stasis of blood flow

341. A 6-week-old  baby born at 34 weeks gestation 
presents in the hold ing area for elective repair 
of an inguinal hernia. The parents believe that 
they will be taking their child  home today after 
surgery. You inform them

(A)  they may take their child  home today
(B)  the child  may have to stay for several 

hours
(C)  the surgery will be postponed until the 

child  reaches 60 weeks postconceptual 
age

(D)  the child  will be admitted  for 23 h of 
apnea monitoring

(E)  the child  will need  apnea monitoring at 
home tonight

342. A 7-year-old , 35-kg girl is scheduled  for exci-
sion of a large intraabdominal mass. Her start-
ing hematocrit is 36% and  the minimally 
accep table hematocrit is 24%. H ow  much 
blood could  the patient lose before transfusion 
is necessary?

(A)  250 mL
(B)  450 mL
(C)  650 mL
(D)  950 mL
(E)  1100 mL

343. A 3-year-old child presents emergently for repair 
of an incarcerated inguinal hernia. The patient 
was recently diagnosed with hypothyroidism 
and started treatment less than one week ago. 
All of the following may be encountered in this 
patient while undergoing anesthesia EXCEPT

(A)  hypothermia
(B)  hypoventilation
(C)  sensitivity to opioids
(D)  small mouth and  large tongue
(E)  hyperkinetic myocard ium

344. A 7-year-old  patient with Down syndrome is 
admitted  for dental extractions. Add itional 
m ed ical h istory inclu d es w ell-controlled  
asthma. The patient had  myringotomy and ear 
tubes in the past without problems. In provid-
ing anesthesia for this patient, which one of the 
following is true?

(A)  Atropine should  be avoided .
(B)  Opioids should  be avoided .
(C)  Preoperative neck mobility should  be 

documented .
(D)  Intubation should  be avoided .
(E)  Neuromuscular blockers should  be 

avoided .

345. A 5-year-old  boy is admitted  with an open eye 
secondary to severe globe laceration. He had  
eaten 1 h before his accident. General anesthe-
sia is required  for the repair. The intubation 
should  be accomplished

(A)  by an awake intubation
(B)  after injection of 100 mg of succinylcho-

line
(C)  after administration of rocuronium 

followed by succinylcholine
(D)  after vecuronium administration
(E)  after inhalation induction with 

sevoflurane
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346. A 1-day-old  child  presents with coughing and  
choking at his first feed . Following investiga-
tion, a d iagnosis of tracheoesophageal fistu la 
(TEF) is made. Which one of the following 
statements is true?

(A)  Esophageal atresia is associated  with 
tracheoesophageal fistula in 10% of 
cases.

(B)  Air leak through the fistu la is mini-
mized  with paralysis.

(C)  Postoperative intubation is necessary to 
protect the airway from aspiration.

(D)  Sump suction is maintained  in the 
esophageal pouch to lessen the risk of 
aspiration.

(E)  10% of infants with TEF have the associ-
ated  anomalies of VATER syndrome.

347. Nonanesthetized newborns and infants rely on 
nonshivering thermogenesis to help  maintain 
body temperature. All of the following are true 
of nonshivering thermogenesis EXCEPT

(A)  it refers to the increased  metabolism of 
brown fat

(B)  brown fat is highly vascularized  and  
contains an abundance of mitochondria

(C)  brown fat metabolism results in up to 
25% of the cardiac output being diverted  
through the brown fat

(D)  brown fat comprises 25% of the infant’s 
total body weight

348. A neonate develops respiratory d istress soon 
after birth. A chest rad iograph demonstrates 
hyperinflation of the left lung, with herniation 
across the midline and  mediastinal shift, and  
atelectasis of the right lung. Which one of the 
following statements is true?

(A)  The right lower lobe is most commonly 
affected  in patients with this congenital 
malformation.

(B)  Neonates with this congenital malfor-
mation usually present with card iovas-
cular collapse due to mediastinal shift.

(C)  This congenital malformation coexists 
with congenital heart d isease in about 
50% of cases.

(D)  Neonates with this congenital malfor-
mation should  be treated  with assisted  
ventilation as soon as possible in order 
to improve gas exchange.

(E)  Differential d iagnosis of this congenital 
malformation includes congenital cystic 
lesions and  congenital d iaphragmatic 
hernia.

349. A full term neonate is scheduled  for inguinal 
hernia repair. The anesthetic plan is for spinal 
anesthesia. Which one of the following state-
ments is true of spinal anesthesia in the neo-
nate?

(A)  It is suitable as the sole technique of 
anesthesia for procedures lasting 2 h or 
more.

(B)  The apex of the conus medullaris is usu-
ally at L2-L3.

(C)  Epinephrine should  never be added  to 
local anesthetics.

(D)  Tetracaine 0.4 mg/ kg is a suitable dose 
for subarachnoid  block.

350. A newborn, born at 31 weeks gestational age, 
develops nasal flaring, chest retractions, and  
grunting soon after birth. Chest rad iograph 
d emonstrates d iffuse atelectasis. The most 
likely d iagnosis is

(A)  bronchopulmonary dysplasia
(B)  patent ductus arteriosus
(C)  congenital lobar emphysema
(D)  hyaline membrane d isease
(E)  tracheoesophageal fistula



288     16: Pedia tric Anes thes ia

351. A 32-year-old  woman with recently d iagnosed  
preeclampsia delivers a baby at 39 weeks ges-
tational age. During labor and  delivery, it was 
noted  that the amniotic flu id  w as heavily 
stained  with meconium. Apgar scores for this 
neonate are 7 and 8 at 1 and 5 min, respectively. 
Which one of the following statements is true?

(A)  This neonate will most likely develop 
respiratory d ifficulties in the first few 
days of life.

(B)  This neonate has a very high risk for 
developing rad iographic evidence of 
pneumothorax.

(C)  Meconium is best removed  by suction 
via an endotracheal tube.

(D)  Absence of meconium in the mouth and  
pharynx precludes the presence of 
meconium in the trachea.

(E)  Meconium is an indication of fetal 
d istress.

352. A neonate, who was born at 36 weeks gesta-
tional age with gastroschisis and  has under-
gone staged  reduction of the defect, presents 
for final closure in the operating room. When 
planning for fluid  management for this patient, 
all of the following are important consider-
ations for this patient EXCEPT

(A)  maturation of renal function is more 
rapid  in fu ll term compared  to preterm 
infants

(B)  the glomerular filtration rate of this 
patient is less than 20% of the adult 
value

(C)  the glomerular filtration rate does not 
affect the neonate’s ability to handle free 
water

(D)  the glomerular filtration rate reaches the 
adult value by about 1-2 years of age

(E)  potassium excretion is much less effi-
cient in neonates compared  to adults

353. A 4-year-old  child  is brought to the emergency 
department at 1 a.m. She was put to bed  in 
apparently good health, but awoke four hours 
later crying and  having d ifficu lty breathing. 
Physical examination reveals that the child  is 
flushed , d rooling, sitting upright, and  has 

severe inspiratory stridor. Which one of the fol-
lowing statements is true?

(A)  The most likely d iagnosis is acute laryn-
gotracheobronchitis.

(B)  A possible d iagnosis is croup.
(C)  Rectal temperature should  be checked.
(D)  The child  should  be taken straight to 

the operating room for intubation/
emergency tracheostomy.

(E)  It is important to place an IV prior to 
induction in this patient.

354. A neonate und ergoes inhalation induction 
with 7% sevoflurane. A peripheral IV is placed  
and  the patient is then intubated . Soon after 
induction and  intubation the patient is noted  
to be mild ly hypotensive. The hypotension 
may be explained  by the fact that the card iac 
output

(A)  may decrease significantly because of 
decreases in stroke volume

(B)  is not very sensitive to changes in after-
load

(C)  is relatively insensitive to volume 
load ing

(D)  is reflected  by a rightward  shift of the 
card iac function curve as compared  to 
the adult

(E)  may decrease significantly due to 
decreases in heart rate

355. A full term neonate presents for bilateral ingui-
nal hernia repair. General anesthesia with an 
endotracheal tube is planned. All of the follow-
ing are true of this patient’s airway EXCEPT

(A)  a 3.0-mm endotracheal tube is a suitable 
first choice for this patient

(B)  pressures of 30 cm H 2O are usually 
required  for adequate IPPV

(C)  this patient’s glottis is located  at the 
level of C2

(D)  positive pressure ventilation should  be 
conducted  at a rate of about 30-60 
breaths per minute

(E)  the narrowest part of this patient’s 
airway is at the cricoid  ring
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356. A newborn presents for repair of omphalocele. 
All of the follow ing are true of this defect 
EXCEPT

(A)  it is a central midline defect
(B)  it is a congenital defect originating in 

the first trimester of pregnancy
(C)  it is usually associated  with infection 

and  loss of extracellular flu id
(D)  it is associated  with a high incidence of 

congenital abnormalities
(E)  the herniated  bowel is covered  by the 

amnion

357. A newborn presents for repair of myelomenin-
gocele. During maintenance of anesthesia, end  
tidal isoflurane is 0.9%. A colleague offering 
you a break comments on the end  tidal isoflu-
rane and  expresses concern that the patient is 
not receiving adequate anesthesia. You explain 
that the concentration is ad equate for the 
patient for all of the following reasons EXCEPT

(A)  neonates have an immature nervous 
system

(B)  neonates have an immature blood–brain 
barrier

(C)  neonates have elevated  progesterone 
levels

(D)  neonates have elevated  blood  levels of 
β -endorphin

(E)  neonates have immature liver function

358. A 10-month-old  with septic arthritis presents 
for placement of a central venous catheter for 
a course of antibiotics. The patient has a 
peripheral IV in p lace. The patient is preoxy-
genated , undergoes IV induction followed by 
intubation. During intubation it is noted  that 
the Sp O2 decreases from 100% to 86%. The 
reason for this rapid  desaturation compared  
w ith  ad u lts is d ue to w hich one of the 
following?

(A)  High respiratory rate
(B)  High oxygen consumption

(C)  Small endotracheal tube
(D)  Small expiratory reserve volume
(E)  Small tidal volume (TV)

DIRECTIONS: Use the following scenario to answer 
Questions 359-360: A 2-year-old  child  presents for 
repair of a ventricular septal defect. Preoperative 
evaluation reveals congestive heart failure, failure 
to thrive, and  a pulmonary:systemic flow ratio 
greater than 2:1.

359. Which one of the following is the most appro-
priate induction technique?

(A)  Halothane d ialed  to 6% on the vaporizer 
in 100% oxygen.

(B)  Sevoflurane d ialed  to 6% on the vapor-
izer in 100% oxygen

(C)  Propofol 5 mg/ kg with fentanyl 2 mcg/ kg
(D)  Ketamine 2 mg/ kg with fentanyl 

2 mcg/ kg

360. If shunt reversal occu rs in traoperatively, 
which one of the following is an appropriate 
treatment?

(A)  Ketamine
(B) α-adrenoceptor agonists
(C)  50% oxygen and  50% nitrous oxide
(D)  High inhaled  concentrations of volatile 

anesthetics

361. In a fu ll term, 4-kg neonate, which one of the 
following is true regard ing body fluid?

(A)  Total body water (TBW) constitu tes 
approximately 3 kg of this patient’s 
weight.

(B)  Extracellular flu id  (ECF) accounts for 
approximately 2.5 kg of this patient’s 
weight.

(C)  Adipose tissue accounts for less than 
1 kg of this patient’s weight.

(D)  Intracellular flu id  accounts for approxi-
mately 2.5 kg of this patient’s weight.
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362. Fetal circulation is characterized by right to left 
shunting across the ductus arteriosus and  the 
foramen ovale. Fetal circulation progresses to 
transitional circulation with birth that is char-
acterized  by which one of the following?

(A)  Complete closure of the ductus 
arteriosus

(B)  Complete closure of the foramen ovale
(C)  Decreased  pulmonary vascular 

resistance
(D)  Decreased  systemic vascular resistance

363. A 3-week-old  neonate, born at 32 weeks gesta-
tional age presents for exploratory laparotomy 
for likely bowel obstruction. During the proce-
dure vecuronium is used for muscle relaxation. 
After the initial dose of vecuronium given at 
induction, the patient was noted  to be breath-
ing spontaneously during p reparation and  
d raping for surgery. An add itional dose of 
vecuronium was given prior to the start of sur-
gery, and  it was noted  that the patient d id  not 
recover from this dose as rapid ly as from the 
in itial d ose. Which one of the follow ing 
explains the reason for the prolonged recovery 
from the second  dose of muscle relaxant?

(A)  Blood brain barrier
(B)  Volume of d istribution
(C)  Albumin concentrations
(D)  Metabolism
(E) α1-acid  glycoprotein concentrations

364. A 5-week-old , 4-kg infant presents for open 
pyloromyotom y. Electrolyte abnorm alities 
were corrected preoperatively. The patient was 
born  fu ll term  and  is otherw ise healthy. 
General anesthesia is induced  with propofol 
15 mg and  rocuronium 6 mg. No op ioid  is 
administered  and  the su rgeon injects local 
anesthesia at the incision site. At the conclu-
sion of the case, neostigmine 0.1 mg and glyco-
pyrrolate 0.02 mg are administered. The patient 
is awake, but appears weak and  with sponta-
neous breathing has tidal volumes of 6-8 mL. 
All of the following could  explain this patient’s 
persistent weakness EXCEPT

(A)  musculature is poorly developed
(B)  muscle mass is less
(C)  the myoneural junction is not well 

developed
(D)  total body water is greater
(E)  inadequate dose of neostigmine

365. At the conclusion of a gastroschisis repair, 
arrangem ents are m ad e to transport the 
patient, intubated , to the ICU. The surgeon 
requests that the patient remains paralyzed  
and  that you continue with controlled  ventila-
tion. Which one of the following is the best 
circu it to use for transport of this patient to 
the ICU?

(A)  Mapleson A
(B)  Mapleson B
(C)  Mapleson C
(D)  Mapleson D
(E)  Mapleson E

366. During resuscitation of a new born w ith an 
Apgar score of 2 at 2 min, sodium bicarbonate 
is administered . All of the following are poten-
tial side effects of sodium bicarbonate EXCEPT

(A)  metabolic alkalosis
(B)  hypernatremia
(C)  hepatic necrosis if given through a 

venous catheter whose tip  is in the liver
(D)  hyperglycemia
(E)  hyperosmolality

367. You are called  to help  evaluate a neonate who 
has presented  to the emergency department 
with respiratory d istress. The child  is breath-
ing >50 breaths per min and  has sternal and  
subcostal retractions. All of the following con-
tribute to increased  work of breathing in this 
neonate EXCEPT

(A)  overcoming elastic forces
(B)  overcoming resistive forces
(C)  laminar air flow
(D)  increased  respiratory rate
(E)  rad ius of the infant’s airway
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368. During anesthesia for a p reviously healthy 
infant having a spica cast placed , you note that 
the patient periodically has mild  desaturations 
that respond well to recruitment maneuvers. 
Which one of the following best explains why 
infants are prone to airway collapse and  atel-
ectasis?

(A)  Closing capacity is greater than func-
tional residual capacity.

(B)  Closing capacity is greater than residual 
volume.

(C)  Closing capacity increases with 
increased  age.

(D)  Closing capacity is greater than expira-
tory reserve volume.

(E)  Closing capacity is greater than vital 
capacity.

369. An infant p resents for emergent repair of 
coarctation of the aorta. The infant was born 
fu ll term, had  no problems after delivery and  
went home on day 2 of life. All of the following 
are associated  with coarctation of the aorta 
EXCEPT

(A)  ventricular septal defect
(B)  bicuspid  aortic valve
(C)  Turner syndrome
(D)  mitral valve abnormalities
(E)  pulmonic stenosis

370. A 4-year-old  child  w ith a history of upper 
airway obstruction undergoes tonsillectomy 
and  adenoidectomy. The child  is otherwise 
healthy. The su rgery and  anesthesia are 
uneventful and  the patient is extubated  easily 
and  w ithou t complication in the operating 
room at the conclusion of surgery. In recovery, 
the patient is noted  to have symptoms consis-
tent with postintubation laryngeal edema. The 
treatment for this should  include all of the fol-
lowing EXCEPT

(A)  inhalation of mist
(B)  parenteral glucocorticoids
(C)  nebulized  racemic epinephrine

(D)  sedation
(E)  head  up position

371. A 4-week-old , 4-kg child  presents with several 
days of nonbilious, projectile vomiting and  
inability to tolerate feeds. The child  was born 
full term, had no problems after birth and went 
home on day 2 of life. The patient has had  
decreased  urine output and  a metabolic panel 
demonstrates multip le metabolic d erange-
ments. The next step in management is

(A)  proceed  to the operating room for emer-
gent repair of the lesion

(B)  start an IV and give 20 mL/ kg of lactated  
Ringer solution, then proceed  to the 
operating room for repair of the lesion

(C)  administer an IV solution containing 
bicarbonate ion

(D)  admit the patient to the floor, start IV 
hydration, and  check a metabolic panel 
several hours later

(E)  administer an antiemetic such as ondan-
setron

DIRECTIONS: Use the following scenario to answer 
Questions 372-373: A 4-year-old child  presents to the 
emergency department with acute onset of a high 
fever, sore throat, stridor, dysphagia, and drooling. 
The patient is sitting up and appears anxious.

372. The most likely d iagnosis is

(A)  laryngotracheobronchitis
(B)  epiglottitis
(C)  aspirated  foreign body
(D)  laryngeal papillomatosis

373. Treatm ent inclu d es all of the follow ing 
EXCEPT

(A)  humid ified  oxygen
(B)  glucocorticoids
(C)  antibiotics
(D)  intubation
(E)  hydration
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374. A 14-year-old  girl presents to the emergency 
department with wheezing and  hemoptysis. A 
history reveals solvent abuse. All of the follow-
ing are possible physiological derangements in 
this patient due to solvent abuse EXCEPT

(A)  hepatic dysfunction
(B)  peripheral neuropathy
(C)  renal dysfunction
(D)  neutropenia
(E)  methemoglobinemia

375. A 20-month-old  child  with a ventricular septal 
defect presents with dyspnea, tachypnea, and  
decreased  activity tolerance. The patient is 
tachycard ic with SpO2 of 90-93%. All of the fol-
lowing are mechanisms that may explain this 
patient’s presentation EXCEPT

(A)  decreased  pulmonary vascular 
resistance

(B)  obstruction of the left main stem bron-
chus by the left atrium

(C)  compression of bronchi by d istended  
pulmonary vessels

(D)  increased  interstitial and  alveolar lung 
water

(E)  elevated  left atrial pressure

376. A neonate w ith a d iagnosis of Pierre Robin 
syndrome presents for anesthesia. Which one 
of the following preoperative evaluations is 
ind icated  in this patient in the setting of this 
syndrome?

(A)  Cardiac echo
(B)  Chest x-ray
(C)  Renal ultrasound
(D)  MRI of the spine
(E)  Lumbar puncture

377. An infant born at 29 weeks is brought to the 
operating room for laser treatment for retinop-
athy of prematurity. The infant was intubated  
for the first two weeks of life. Which one of the 
follow ing statements abou t retinopathy of 
prematurity (ROP) is true?

(A)  ROP is related  to incomplete vascular-
ization of the retina at birth.

(B)  ROP is d irectly related  to the FIO2.
(C)  ROP occurs in 90% of extremely low 

birth weight infants.
(D)  ROP occurs only after exposure to 

hyperoxemia for at least 24 h.
(E)  ROP does not occur in fu ll term infants.

378. A 5-year-old  patient exhibits symptoms of sub-
glottic edema in the recovery area. The patient 
has a history of mild  asthma, abdominal pain, 
chronic constipation, and  is obese. The patient 
underwent an upper endoscopy and  colonos-
copy under general anesthesia. The patient 
was intubated  after three attempts and  the 
remainder of the p rocedure and  anesthesia 
w as uneventfu l. All of the follow ing state-
ments about subglottic edema are true EXCEPT

(A)  it is more common in pediatric than 
adult patients

(B)  it may be prevented  with use of steroid  
cream on the endotracheal tube

(C)  it may be prevented  by ensuring a leak 
around the endotracheal tube at <30 cm 
H 2O pressure

(D)  it is associated  with changes in position 
during the procedure

(E)  it is associated  with multiple attempts at 
intubation

379. A 2-week-old  neonate presents for repair of 
tracheoesophageal fistu la (TEF). The patient 
has p roximal esophageal atresia and  blind  
pouch and  a d istal TEF. All of the following 
statements are true EXCEPT that

(A)  this patient has the most common type 
of TEF

(B)  the incidence of TEF in premature 
babies is higher than in term infants

(C)  it is contraindicated  to pass an naso/
orogastric tube in this type of TEF

(D)  the congenital anomalies associated  
with TEF occur in 30% to 50% of 
patients

(E)  the most common congenital defect 
associated  with TEF is card iac
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380. A 2-year-old  child  p resents for urgent rigid  
bronchoscopy for likely foreign body aspira-
tion. The child  was eating popcorn and  was 
noted  to have an episode of choking followed 
by intermittent coughing. The patient is cur-
rently not in any d istress. On physical exam, 
there is d iffuse wheezing over the right lung 
field  and  it is suspected  that the food  particle 
is located  in the right mainstem bronchus. 
Which one of the following is true regard ing 
the management of this child?

(A)  After retrieval of the food  particle from 
the right main stem bronchus, investiga-
tion of the left mainstem bronchus is 
still ind icated  in this case even if no 
particulate matter is found in the 
trachea.

(B)  As the patient is not in any d istress, the 
procedure should  be postponed  until 
the patient is appropriately fasted .

(C)  Positive pressure ventilation should  not 
be used  as it may cause the foreign body 
to move more d istally in the airway.

(D)  The patient should  be paralyzed  during 
the removal of the foreign body in order 
to prevent coughing at that time.

(E)  A propofol based  total intravenous 
anesthetic technique should  not be used  
as the patient may become apneic with 
this.

381. A 5-year-old boy with hypotonic cerebral palsy 
presents for gastrostomy tube revision. All of 
the follow ing are complications associated  
with this d isease EXCEPT

(A)  joint contractures
(B)  scoliosis
(C)  card iomyopathy
(D)  epilepsy
(E)  recurrent respiratory dysfunction

382. A neonate is found to have a congenital cardiac 
lesion. The child  is cyanotic, has intracard iac 
shunting, but is not exhibiting signs or symp-
toms of congestive heart failure. Which one of 
the following is the most likely d iagnosis for 
this child?

(A)  Patent ductus arteriosus
(B)  Total anomalous pulmonary venous 

drainage
(C)  Atrioventricular canal
(D)  Ventricular septal defect
(E)  Transposition of the great arteries

383. A 3-year-old  child  presents with acutely raised  
intracranial pressure from a blocked  ventricu-
loperitoneal shunt. Surgical alleviation of the 
problem is planned . Which one of the follow-
ing is true regarding anesthesia for this patient?

(A)  Premedication with intramuscular opi-
oids is beneficial, minimizing further 
increases in intracranial pressure due to 
agitation and  induction of anesthesia.

(B)  Induction of anesthesia with intrave-
nous ketamine 0.5-1 mg/ kg is a suitable 
technique.

(C)  Rapid  sequence induction should  be 
avoided .

(D)  Concentrations of isoflurane of up to 1% 
result in minimal increases in cerebral 
blood flow.

DIRECTIONS: Use the following scenario to answer 
Questions 384-385: A 2-year-old  child  presents to 
the emergency department with low grade fever, 
cough, stridor, and  dyspnea. The patient had  been 
well until 3 d  ago when she developed  symptoms of 
an upper respiratory tract infection.

384. The most likely d iagnosis is

(A)  laryngotracheobronchitis
(B)  epiglottitis
(C)  aspirated  foreign body
(D)  laryngeal papillomatosis

385. Treatment typically includes which one of the 
following?

(A)  Humidified  oxygen
(B)  Glucocorticoids
(C)  Antibiotics
(D)  Intubation
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386. A 4-year-old  child  with Down syndrome pres-
ents for tonsillectomy and  adenoidectomy for 
upper airway obstruction. The child  had a ven-
tricular septal defect repaired  in the past that 
was well tolerated . The patient does not have 
any other congenital abnormalities and  neck 
rad iographs are negative for atlantoaxial sub-
luxation. On arrival to the operating room, the 
child  is very agitated  and  crying. You induce 
general anesthesia with sevoflurane d ialed  to 
8% and  then establish IV access. You note that 
the patient’s heart rate has decreased  from 
140 bpm prior to induction to 102 bpm now. 
You  administer propofol 4 mg/ kg, fentanyl 
1 mcg/ kg, and  rocuronium 0.5 mg/ kg. Just 
after the patient has been intubated , you note 
that the heart rate is now 55 bpm with sinus 
rhythm. What is the most likely cause of this 
bradycard ia?

(A)  Propofol
(B)  Fentanyl
(C)  Vagal response from direct laryngoscopy
(D)  Sevoflurane
(E)  Rocuronium

387. A 4-year-old  child  w ith a genetic syndrome 
presents for tonsillectomy for upper airway 
obstruction. The child  has elfin facies, hypo-
thyroid ism treated  with levothyroxine, neuro-
developmental delay, repaired  aortic stenosis 
and  coarctation of the aorta, and  generalized  
muscle weakness. This child  most likely has 
which one of the following syndromes?

(A)  DiGeorge syndrome
(B)  Down syndrome
(C)  Trisomy 18
(D)  Trisomy 13
(E)  Williams syndrome

388. A 2-year-old  boy is undergoing an ingu inal 
hernia repair. As part of the anesthetic, you 
have d iscussed  a single-shot caudal injection 
with the parents. After an uneventful inhala-
tion ind uction of general anesthesia, the 
patient is positioned  for the caudal injection. 
You palpate the patient’s lower back to identify 

the site for injection. All of the following are 
landmarks that may be palpated  to aid  in per-
forming a caudal injection EXCEPT

(A)  posterior superior iliac spine
(B)  sacrococcygeal ligament
(C)  sacral hiatus
(D)  sacral cornu
(E)  L4-L5 intervertebral space

389. A 5-year-old  boy with cerebral palsy, a seizure 
d isorder controlled  w ith med ication, mild  
asthm a, and  controlled  gastroesop hageal 
reflux presents for ventriculoperitoneal shunt 
revision. The patient is asymptomatic at this 
time, but increased  head  circumference was 
noted  on routine exam. Regard ing the anes-
thetic plan and  medications to be used , all of 
the following are true for this patient EXCEPT

(A)  an inhalational induction is contraindi-
cated  for this patient

(B)  it is acceptable to use succinylcholine for 
this patient

(C)  this patient will require less propofol 
than a child  without cerebral palsy

(D)  this patient will require less volatile 
agent than a child  without cerebral 
palsy

390. You are planning to use normovolemic hemodi-
lution in a 14-year-old patient who will be under-
going correction of idiopathic scoliosis. The child  
has a history of mild asthma, alpha-thalassemia, 
and has had surgery and anesthesia before with-
out any problems. In determining weather of not 
it would be safe to use normovolemic hemodilu-
tion in this patient, you consider that all of the 
following are either relative or absolute contrain-
dications to use of normovolemic hemodilution 
EXCEPT

(A)  sickle cell d isease
(B)  sepsis
(C)  large amount of expected  blood loss
(D)  moderate anemia
(E)  renal insufficiency
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391. You are seeing a 12-year-old  girl, accompanied  
by her mother, p reoperatively p rior to her 
having an arthroscopy of her knee. When 
asking about family history of problems with 
anesthesia, the patient’s mother state that she 
has severe postoperative nausea and  vomiting 
(PON V) after general anesthesia and  she 
would  like to know what the likelihood is that 
her daughter w ill have p roblems w ith this 
after her surgery today. You have a d iscussion 
with the patient and  her mother about PONV. 
Which one of the following is true of PONV in 
pediatric patients?

(A)  The incidence of PONV is inversely 
related  to age.

(B)  PONV is common in young children.
(C)  The incidence of PONV in adolescents is 

less than that in adults.
(D)  The type of surgery does not affect the 

incidence of PONV in child ren.
(E)  The type of anesthesia used  does not 

affect the incidence of PONV in 
children.

392. An 11-year-old  girl presents for laparoscopic 
cholecystectomy. She is otherw ise healthy. 
Carbon d ioxide will be used  for insufflation of 
the abdomen to facilitate surgery. All of the fol-
low ing are side effects of insufflation with 
carbon d ioxide EXCEPT

(A)  25% increase in PaCO2

(B)  increased  ventilation/ perfusion 
mismatch

(C)  increased  pulmonary vascular resistance
(D)  increased  venous return
(E)  increased  systemic vascular resistance

DIRECTIONS (Questions 393-396): Each group of 
items below consists of lettered  head ings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  head ing or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent m ay be selected  once, m ore than once, or not 
at all.

(A)  Apert syndrome
(B)  Beckwith-Wiedemann syndrome
(C)  Budd-Chiari syndrome
(D)  Ehlers-Danlos syndrome
(E)  Gilbert syndrome
(F)  Kawasaki d isease
(G)  Peutz-Jeghers syndrome
(H)  Reiter syndrome
(I)  Sjögren syndrome
(J)  Stevens-Johnson syndrome
(K)  Sturge-Weber syndrome
(L)  Turner syndrome
(M)  von Hippel-Lindau syndrome

For each pathological state, select the associated  
d isease or syndrome.

393. Pheochromocytoma

394. Coarctation of the aorta

395. Hypoglycemia

396. Seizures
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310.  (C) Pierre-Robin syndrome is characterized  by 
mandibular hypoplasia and pseudomacroglos-
sia (the tongue protrudes from the mouth but 
is not actually enlarged). It is associated  with 
high arched  and  cleft palate. Macroglossia is a 
feature of Beckwith Syndrome and  Trisomy 21. 
Trisomy 21 is also associated  with congenital 
card iac defects. Goldenhar Syndrome is char-
acterized by hemifacial microsomia, congenital 
card iac d efects, and  vertebral instability. 
Treacher Collins syndrome is associated  with 
micrognathia, choanal atresia, vertebral abnor-
malities, and  card iac defects. (5:271-2)

311.  (B) Cold  stress may cause hypoxia, acidosis, 
depletion of glycogen stores, hypoglycemia, 
pulmonary vasoconstriction and hypertension, 
shock, d isseminated intravascular coagulation, 
altered  drug metabolism, and  delayed  emer-
gence. (5:260)

312.  (D) The preterm infant is particularly suscep-
tible to maternally-administered  drugs. They 
have immature enzyme systems, an incom-
p lete bund le branch block, and  decreased  
protein for binding. The preterm infant metab-
olizes both ester and  amide local anesthetics 
and is actually less sensitive to the CNS toxicity 
of lidocaine than fu ll-term infants. (5:1170, 
1173)

313.  (E) The normal blood  volume in a fu ll term 
infant is 80 mL/ kg (4 kg ×  80 mL/ kg =  320 
mL). A premature infant has a higher volume 
per unit of weight, 90-100 mL/ kg. (5:258)

314.  (C) The patient’s caregivers have been non-
compliant with asthma medications. He clearly 

is not at baseline nor optimized  for elective 
surgery. The patient should  be referred  to his 
ped iatrician. He should  be placed  back on a 
maintenance dose of montelukast for a mini-
mum of 2 weeks. Sedation and  analgesia with 
local anesthesia is usually not a reasonable 
choice in this age group. (5:131)

315.  (E) The head  constitutes 10% of total body sur-
face area in the adult, 13% in a 10- to 14-year-
old  child , 15% in a 5- to 9-year-old  child , and  
about 19% in a 1- to 4-year-old  child . The torso 
constitu tes 26% of total body surface area in 
adults and  children of all ages. (5:1339)

316.  (E) The infant presents with symptoms consis-
tent w ith congenital d iaphragmatic hernia 
(CDH). Mortality in these patients is 20-50%. 
Approximately 90% of these herniations occur 
through the foramen of Bochdalek, although 
they may occur through the substernal sinus 
(foramen of Morgani). Less than 1% of cases 
have bilateral herniations. Affected  infants 
p resent w ith resp iratory d istress related  to 
lung hypoplasia. There is no known associa-
tion with congenital u rologic abnormalities. 
Card iovascu lar abnorm alities accom p any 
CDH in about 23% of cases. Apart from con-
genital heart lesions, the increase in intratho-
racic components may also cause obstruction 
of the inferior vena cava and  decreased  pre-
load  resu lting in decreased  card iac ou tpu t. 
Bowel obstruction may occur and  cause the 
presenting symptoms in 5% of cases. (5:1177)

317.  (D) This baby has a 25% chance of having sickle 
cell anemia. He is not anemic for his age and 
does not require a transfusion. Screening tests 

Answers  and Explana tions
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for HbS cannot d ifferentiate between homozy-
gous HbS patients and  heterozygous HbS/
HbA patients. Furthermore, even if this baby 
were homozygous for HbS, at three months of 
age he would  have an amount of HbF (fetal 
hemoglobin) that would  make a sickle crisis 
very unlikely. (5:206-7, 274-5; 6:855-7)

318.  (D) Necrotizing enterocolitis is a disease, not an 
anomaly. It occurs predominantly in premature 
infants under 1,500 g birth weight and the mor-
tality is 10% to 30%. Associations include birth 
asphyxia, hypotension, systemic infections, early 
feeding, and umbilical vessel catheterization. 
Umbilical artery catheters are usually replaced  
with peripheral arterial catheters so that mesen-
teric blood flow is not compromised. Metabolic 
and hematologic abnormalities include hyper-
glycemia, thrombocytopenia, coagulopathy, and  
anemia. Infants usually lose vast quantities of 
fluid into the extracellular space leading to clini-
cal shock and  the need  for card iovascular 
support. (5:1178-9)

319.  (D) This patient will require prolonged intuba-
tion and  sedation. Of all these med ications, 
propofol is least desirable for this purpose due 
to the risk of develop ing propofol infusion 
syndrome (PRIS) that is characterized  by lipe-
mia, metabolic acidosis, hyperkalemia, and  
rhabdomyolysis that may progress to myocar-
d ial instability and  refractory card iovascular 
collapse. The risk of developing PRIS is more 
likely if the duration of use is greater than 
48 h, and if the dose is greater than 5 mg/ kg/ h. 
(3:122)

320.  (D) At birth, the pu lmonary vascu lar resis-
tance decreases d ramatically in response to 
lung expansion, increased  pH, and  a rise in 
alveolar oxygen tension. This reduces the pul-
monary artery pressure and  increases pulmo-
nary blood  flow. The increased  amount of 
blood  returning to the left atrium raises the 
pressures in the left atrium closing the foramen 
ovale. The ductus arteriosus closes primarily 
in response to increased  oxygen tension. This 
is functional closure, but complete mechanical 

closure requires adequate arterial muscle and  
occurs after 10 d  or more. Arterial hypoxemia, 
hypercarbia, or acidosis can all cause return to 
fetal circulation. (5:250-1)

321.  (A) Total sp inal anesthesia, p roduced  either 
with a primary spinal technique or secondary 
to an attempted  epidural anesthetic, presents 
as resp iratory insu fficiency rather than as 
hypotension. The reason for this is the lack of 
sympathetic tone in neonates. The first ind ica-
tion of trouble is a decreasing oxygen satura-
tion value rather than a decreasing blood  
pressure. (3:879)

322.  (A) Bupivacaine 0.25% is the most su itable 
choice of agent because it has the longest dura-
tion of action and  may therefore give some 
postoperative pain relief. It may be used  in 
doses up to 1 mL/ kg, but a volume of 8 mL is 
quite sufficient. Epinephrine-containing solu-
tions should  not be used  for this type of block 
because of the risk of ischemia to the penis. 
(5:1188-9)

323.  (B) (5:257)

324.  (E) Proceed  w ith surgery. Most institu tions 
allow a 2-h fast for clear liquids, 4-h fast for 
breast milk, 6-h fast for formula or a light meal, 
and  an 8-h fast for solids. (5:275-6)

325.  (D) In the newborn infant, the glucose level is 
normally low er than in an older child , the 
value normally being 30 mg/ dL. Resuscitation 
w ill requ ire intubation, oxygen, heat, and  
bicarbonate. (3:737-3)

326.  (D) The major factor that causes closure of the 
ductus arteriosus is the PaO2. Hypoxia in the 
early new born period  may d elay closu re. 
(3:364)

327.  (C) When a small bu t persistent change in 
oxygen saturation is noted , the position of the 
endotracheal tube must be reassessed . The 
other causes noted  above are also possibilities 
in this situation but are less likely. (5:1186-87)
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328.  (C) An oral medication is not ideal in this situ-
ation because the child  is having d ifficu lty 
swallowing his secretions and  will not likely 
be able to sw allow  an oral p remed ication. 
Furthermore, ketamine will increase salivation 
that is not desirable in this situation, and  fen-
tanyl may cause nausea and  vomiting. Nasal 
midazolam burns on administration and  is not 
as effective if the patient has been crying and  
has a significant amount of nasal secretions. 
(5:1184)

329.  (B) This child  has a noncyanotic lesion, but is 
exhibiting signs of congestive heart failure. 
Atrial septal defect and  coarctation of the aorta 
are both noncyanotic lesions, but they are not 
typically associated  with congestive heart fail-
ure. Tetralogy of Fallot and transposition of the 
great arteries are cyanotic lesions and  are not 
typ ically associated  w ith congestive heart 
failure. (5:928-33)

330.  (C) Hypercarbia is often the first sign of malig-
nant hyperthermia. Other early signs and  
sym ptom s inclu d e tachycard ia, m asseter 
muscle rigid ity, and  increased  body tempera-
ture. (5:1497)

331.  (D) The ratio of dead  space to tidal volume, 
VD/ VT, is approximately 30% and is the same 
in neonates and  adults. This has always been 
one of the problems inherent in the equipment 
used  for ped iatrics. If the dead  space of the 
equ ipment exceeds the infant’s dead  space, 
provid ing effective ventilation is more d iffi-
cult. (5:256, 1171)

332.  (C) When using rad iant warmers, skin tem-
perature should  be measured  and  should  not 
exceed 37°C to avoid  skin burns. Circulating 
w ater blankets are most usefu l in child ren 
smaller than 10 kg due to the greater ratio of 
body surface area to body mass. Use of heat 
moisture exchangers is a way to add  humidity 
to the circuit, but is not a useful way to raise 
body temperature. Circulating water blankets 

work by conduction and  for that reason they 
shou ld  not have d irect contact w ith  the 
patient’s skin . (3:1100)

333.  (B) Most operating rooms are kept at a low 
temperature for the comfort of the staff. The 
infant loses heat by conduction to the cold  
table, by convection from the cold  air, by evap-
oration, and  by rad iation. Total heat loss by 
these mechanisms is as follows: rad iation 39%, 
convection 34%, evaporation 24%, and conduc-
tion 3% of heat loss. Once the child  is covered , 
some of the heat loss decreases, but if a body 
cavity is opened , more surface area is available 
for heat loss, particularly evaporative. (5:259;
3:560-2)

334.  (C) The sp inal cord  extends to the L3 level 
in the newborn. When performing spinal anes-
thesia, this must be kept in mind . In the adult, 
the spinal cord  ends at the level of the upper 
edge of L2. (3:874-5)

335.  (D) The typical 4-year-old  child  should  be intu-
bated  with an endotracheal tube of 5.0 mm 
internal d iameter. This is determined  by the 
formula 4 +  age/ 4 for the internal d iameter of 
the endotracheal tube. In this case, 4 +  4/ 4 =  5. 
(3:1104-5; 5:1186)

336.  (C) This patient is experiencing an intraopera-
tive hypercyanotic episode or “tet spell.” With 
a decrease in blood  pressure, right to left intra-
card iac shu nting increases lead ing to a 
decrease in SpO2. Methods to increase blood  
pressure involve increasing systemic vascular 
resistance such as administration of phenyl-
ephrine. Or, if blood  pressure continues to 
decrease despite administration of phenyleph-
rine, surgical pressure on the aorta to tempo-
rarily increase systemic vascular resistance and  
improve oxygenation is ind icated . (3:483-4)

337.  (D) The child  who has an incarcerated  hernia 
is going to need  surgery to reduce the hernia 
lest strangulation occur. An upper respiratory 
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infection is not an ideal situation, but since the 
p rocedure must be done, it shou ld  be done 
w ith carefu l attention to d etail, includ ing 
monitoring. Since the infection is most likely 
viral, antibiotics should  not be given. (3:60-2; 
5:1250)

338.  (A) The patient should be transported to the OR 
in the prone position but may be carefully posi-
tioned  supine for intubation. Succinylcholine 
does not cause hyperkalemia in this patient 
population. Spinal anesthesia alone or in con-
junction with general anesthesia may be per-
formed. This involves placing local anesthetic 
into the open sac or injecting it into the sac. 
90-95% of these patients have Arnold-Chiari 
malformation and will require a ventriculoperi-
toneal shunt. (5:1180-1)

339.  (D) Maintenance flu ids are calculated  as fol-
lows: for the first 10 kg of body weight, the 
hourly flu id  is 4 mL/ kg. The second 10 kg of 
body weight has an hourly fluid  need of 2 mL/
kg. For each kg of body weight above 20 kg, 
the maintenance flu id  need  is 1 mL/ kg. Thus 
for the 24-kg child  in this question, the deficit 
flu id  requirement is 510 mL (40 mL +  20 mL +
4 mL) ×  (8 h). (3:164; 5:1187)

340.  (A) Stud ies have demonstrated  that patients 
transfused  to hemoglobin values of 10 g/ dL 
have a lower incidence of sickle cell-related  
complications. Many centers are now transfus-
ing, (d irect, partial exchange, or exchange), to 
lower the percentage of sickle cells p resent. 
The preparation should  strive for good  hydra-
tion, good  pu lmonary care, and  during the 
p roced ure, avoid ance of hypothermia and  
stasis. (3:182-6; 5:206-7)

341.  (D) Former premature infants are at risk for 
postanesthesia apnea if they are younger than 
55-60 weeks postconceptual age (PCA). The 
incidence of apnea is inversely proportional to 
both gestational age and  PCA. In addition, the 

risk of postanesthesia apnea increases if the 
infant has a history of apnea or if anemia is 
present. The incidence of apnea is quite low in 
ages greater than 45-50 weeks PCA, however, 
most institutions use 55 or 60 weeks PCA as a 
cutoff for day surgery in this population. (3:64-6; 
5:250)

342.  (D) To calculate the allowable blood loss (ABL), 
one must determine the patient’s blood volume 
using 70 m L/ kg bod y w eight. The m ost 
common formula is listed  below:

ABL =  Blood Volume ×  (HctI – HctT)/ Hctmean

where HctI =  initial hematocrit, HctT =  target 
hematocrit, Hctmean =  mean of HctI and  HctT.

Thus,
ABL =  (35 kg ×  70 mL/ kg) ×  12/ 30
ABL =  2450 mL ×  12/ 30 =  980 mL

(5:258)

343.  (E) Hypoventilation, hypothermia, and  d iffi-
cult intubation are potential problems for the 
anesthesiologist in treating the baby with myx-
edema. The child ren are sensitive to opioids. 
The mouth is of normal size, and  the tongue 
may appear large. The heart is not hyperki-
netic as in hyperthyroid ism. (3:549-50)

344.  (C) About 13% to 18% of patients with Down 
syndrome have atlantoaxial subluxation. These 
patients should  have neck mobility evaluated 
prior to anesthesia to determine if any mani-
festations of cord  compression develop with 
particular neck movement. Sensitivity to atro-
pine was thought to be present in these chil-
dren, but that was later disproved. The children 
can receive neuromuscular blockers and  opi-
oids if needed . Children with Down syndrome 
may be intubated  if needed . However, care 
should  be taken in all patients with Down syn-
drome to avoid  excessive flexion, rotation or 
extension of the neck. (3:996-7)
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345.  (C) This is a d ifficu lt management problem. 
Both succinylcholine alone and  an awake intu-
bation will cause an increase in intraocu lar 
p ressure, possibly causing expulsion of the 
contents of the globe. The use of succinylcho-
line p receded  by a defascicu lating dose of 
rocuronium will rapidly provide good intubat-
ing conditions and  has not been reported  to 
cause expulsion of the globe contents. The 
practitioner should  be aware of the side effects 
and  implications associated  with the use of 
succinylcholine in children, especially young 
boys in whom hyperkalemic card iac arrests 
have been reported . The use of this d rug in 
pediatric patients has largely been restricted  to 
emergencies. An inhalational induction may be 
required  in the extremely uncooperative child , 
how ever, the risk of asp iration m ay be 
increased  as compared  to a rap id -sequence 
induction. (3:694; 5:1223)

346.  (D) In 90% of cases, esophageal atresia is asso-
ciated  with TEF, but esophageal atresia may be 
an isolated  occurrence. Careful positioning of 
the endotracheal tube with the tip  just above 
the carina but below the fistu la may help to 
minimize gastric insufflation, as will a gastros-
tomy. Positive p ressure ventilation w ith or 
without paralysis is likely to increase the air 
leak through the fistu la but is often necessary. 
Early extubation after su rgery is d esirable 
because it prevents prolonged  pressure of the 
endotracheal tube on the suture line. Constant 
sum p suction from the upper esophageal 
pouch decreases the accumulation of saliva 
and  red u ces the potential for asp iration. 
30-50% of these infants have the associated  
anom alies of VATER synd rom e. (3:755-7; 
5:1179-80)

347.  (D) Nonshivering thermogenesis is an increase 
in metabolic heat production that is not associ-
ated  with muscle activity. It primarily involves 
the metabolism of brown fat that is highly vas-
cularized  and  gets its brown color from the 
abundance of mitochondria present. Brown fat 
comprises 2-6% of the infant’s total bod y 
weight. Up  to 25% of the card iac ou tput is 
d iverted  through the brown fat to allow for 
d irect warming of the blood. (3:562-3)

348.  (E) Congenital lobar emphysema most com-
monly affects the left upper lobe bu t may 
involve the w hole lung. It usually p resents 
with progressive respiratory failure but medi-
astinal shift and  card iovascular collapse may 
occur. Anesthetic care is aimed at minimizing 
expansion of the emphysema; spontaneous 
respiration should  be maintained  if possible 
until the thorax is open, low peak inspiratory 
pressures should  be used if assisted  ventilation 
is requ ired , and  nitrous oxid e shou ld  be 
avoided . Card iac defects coexist in about 15% 
of patients. (3:287, 760)

349.  (D) The duration of any spinal anesthetic drug 
is shorter in the neonate than the adult, and for 
this reason ep inephrine is u sually ad d ed . 
However, even with tetracaine 0.4-0.5 mg/ kg 
with epinephrine the block usually lasts only 
about 90 min, therefore sp inal anesthesia is 
unsuitable as the sole technique for longer pro-
cedures. The spinal cord  often ends as low as 
L3-L4 in neonates so blocks should  be per-
formed at L4-L5 or L5-S1 in patients of this age. 
(3:877-80; 5:1189)

350.  (D) This presentation is most consistent with 
hyaline membrane disease. Bronchopulmonary 
dysplasia occurs later and  is a result of expo-
sure to high levels of oxygen and  ventilation 
therapy. Patent ductus arteriosus presents with 
sym p tom s of congestive heart failu re. 
Congenital lobar emphysema presents w ith 
progressive respiratory failure, unilateral tho-
racic hyperexpansion, atelectasis of the contra-
lateral lung, and  possible med iastinal shift. 
Tracheoesophageal fistula presents with exces-
sive oral secretions, regurgitation of feed ings, 
and  occasionally respiratory d istress. (3:748-9, 
755, 760)

351.  (C) Respiratory d ifficulties occur in about 15% 
of cases. If the airway is not suctioned  ade-
quately before or shortly after the onset of 
breathing, meconium in the airways will move 
d istally into the small airw ays and  alveoli, 
causing respiratory d ifficulties and  intratho-
racic gas leaks. Fortunately, these gas leaks are 
usually small, but large pneumothoraces can 
occur in about 10% of cases. Meconium is best 
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removed  by endotracheal intubation and  suc-
tion using a specially designed device. It is also 
useful to suction the stomach to remove meco-
nium that might be regurgitated  and  aspirated  
later. Meconium is not an indication or cause 
of fetal d istress. Rather it reflects a fetus with a 
mature intestinal tract. (5:247-8; 3:21)

352.  (C) Renal function is marked ly d iminished  in 
the neonate because of low perfusion pressure 
and  immature glomerular filtration and  tubu-
lar function. The ability to hand le antibiotics 
(largely excreted  by glomerular filtration) is 
therefore reduced . Glomerular filtration rate is 
about 20 mL/ min/ 1.73 m2 at birth (adult value 
≈ 120) but develops rapid ly thereafter reaching 
near complete maturation at 5 months of age 
and  complete matu ration at 1 to 2 years. 
However, maturation may be delayed  in pre-
mature infants. Neonates are much less able to 
conserve or excrete free water, and  they are 
much less efficient at excreting potassium 
loads than adults. Therefore, the normal range 
of serum potassium is greater in neonates com-
pared  to adults. (3:569-70; 5:252)

353.  (D) The most likely d iagnosis is acute epiglot-
titis that characteristically has a swift onset 
w ithou t a preced ing upper resp iratory tract 
infection. The d ifferential d iagnosis includes 
acute laryngotracheobronchitis (slower onset 
over days, not hours) and  inhaled  foreign 
body. Croup appears typically in younger chil-
d ren, age 3 months to 3 years, 2-3 d  after a 
respiratory tract infection. The clinical presen-
tation is a patient with stridor, dyspnea, and  a 
“barking cough.” This is a true pediatric emer-
gency, and  securing the airway is the first pri-
ority. The child  is quite toxic, unable to swallow 
her own saliva, and  has severe stridor. The 
child  should  not undergo any procedure that 
might provoke crying and  complete obstruc-
tion of the airway (such as inserting a ther-
mometer into the rectum or insertion of an IV 
line). Once facilities are ready for emergency 
intubation in an OR setting, and  tracheostomy 
should  this fail, the child  should  undergo gen-
eral anesthesia and  intubation. (5:1230-1)

354.  (E) The myocard ial structure of the heart, par-
ticularly the volume of cellu lar mass devoted  
to contractility, is significantly less in the neo-
nate than in the adult. These d ifferences and  
others produce a leftward  d isplacement of the 
card iac function curve and  less compliant ven-
tricles. This accounts for the tendency toward  
biventricu lar failu re, sensitivity to volume 
loading, poor tolerance to increased  afterload , 
and  rate-dependent card iac ou tpu t. (5:251, 
1171.)

355.  (B) Positive pressure ventilation should  nor-
mally be commenced  at a rate of 30 to 60 
breaths per minute and  a PEEP of 1-3 mm Hg 
maintained. Most asphyxiated  neonates do not 
have lung d isease and  rarely require inflation 
pressures greater than 25 cm H 2O. The glottis 
is at C2 in infants and  C4-5 in adults. The nar-
rowest part of the infant’s airway is the cricoid  
cartilage and  remains this way until puberty at 
which time the narrowest part of the airway is 
the glottis. (5:250, 254-5)

356.  (C) Omphalocele and  gastroschisis should  not 
be confused . Omphalocele is a midline defect, 
whereas in gastroschisis the herniated  bowel is 
to the side of the umbilical cord . Between the 
5th and  10th week of fetal life, abdominal con-
tents are extruded  into the extraembryonic 
coelom. Failu re of part of these contents to 
return to the abdomen at about week 10 results 
in an omphalocele that is covered  by a mem-
brane, the amnion. This protects the abdominal 
contents from infection and  loss of extracellu-
lar flu id . In contrast, gastroschisis develops 
later in fetal life. It results from interruption of 
the omphalomesenteric artery at the base of 
the umbilical cord . The gu t herniates ou t 
through this tissue defect and  the degree of 
herniation may be slight, or almost all of the 
abdominal contents may be outside the perito-
neal cavity. The intestines and  viscera are not 
covered  by any membrane and  so are highly 
susceptible to infection and  fluid  loss. There is 
a high incidence of other congenital abnormal-
ities with omphalocele but not with gastroschisis. 
(5:1178)
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357.  (E) The neonate has an immature central ner-
vous system with attenuated responses to noci-
ceptive cutaneous stimuli. These responses 
mature in the first few months of an infant’s life, 
along with an increase in MAC. Progesterone 
has been shown to reduce the MAC of the preg-
nant mother. The newborn infant has elevated  
progesterone levels, and animal studies have 
suggested that these are related to reduced MAC 
values. High concentrations of β-endorphin are 
present in the first few days of postnatal life and  
may cross the immature blood–brain barrier of 
the neonate, thus increasing the pain threshold  
and reducing MAC values. Liver function does 
not affect MAC in neonates. (5:1171)

358.  (B) The oxygen consumption in neonates and  
infants, at 7 mL/ kg, is nearly double that of 
adults. In combination with a small dynamic 
FRC, desaturation during apnea occurs much 
faster as compared  to adults. (5:355-6)

359.  (D) The preoperative evaluation suggests that 
this child’s VSD is large and  that there may be 
problems encountered  on induction of anes-
thesia. Only low concentrations of potent inha-
lational anesthetic agents can be tolerated  by 
these patients w ithou t significant systemic 
hypotension. Therefore, high inspired  concen-
trations of halothane or sevoflurane or high 
dose propofol for induction are probably less 
safe than an induction with intravenous agents 
such as ketamine and  fentanyl that maintain 
systemic arterial p ressu re. It may also be 
important to use an FIO2 of less than 1.0 in 
order to avoid  a rapid  decrease in pulmonary 
vascular resistance and subsequently increased  
left-to-right shunting. (3:479-80)

360.  (B) If right ventricular pressures are close to sys-
temic pressures, relatively mild  systemic hypo-
tension (such as during induction of anesthesia) 
may cause the shunt to reverse (now becoming 
right-to-left) with systemic desaturation and  
further myocardial dysfunction. If shunt rever-
sal does occur, 100% oxygen and  use of an 
α-adrenergic agonist such as phenylephrine to 
increase systemic vascular resistance usually 
results in resumption of left-to-right shunting. 
(5:934)

361.  (A) TBW accounts for ≈ 70-75% of weight at 
birth, and  falls to ≈ 65% of weight by the age of 
1 year. TBW is d ivided into two compartments: 
ICF and ECF. In the fu ll term neonate ECF and 
ICF each constitu tes ≈ 40% of weight. Adipose 
tissue affects w ater content. It accounts for 
roughly 16% of a newborn’s weight and  ≈ 23% 
of weight in a one-year-old . (5:1170)

362.  (C) Pulmonary vascular resistance decreases 
w ith breathing room air, lung expansion, 
improved  oxygenation, and  clamping of the 
umbilical cord . Functional closure of the fora-
men ovale and  ductus arteriosus occurs with 
birth, but anatomical closure takes up to 72 h 
for the foramen ovale and weeks for the ductus 
arteriosus. With birth, systemic vascular resis-
tance increases. (3:364; 5:250-1)

363.  (B) Blood brain barrier is immature in neonates 
slowing some medications greater access to the 
brain. Total body water is greater in the infant, 
making the apparent volume of d istribu tion 
larger. The increased  apparent volume of d is-
tribution results in d ilu ted  concentrations of 
parenterally administered  med ications, and  
explains why some medications must be given 
in larger doses to achieve therapeutic effect. 
Neonates have an immature neuromuscular 
system. Therefore, the first dose of neuromus-
cular blocker may have the same effect and  
duration in a child  as in an adult. However, 
due to the larger apparent volume of d istribu-
tion, subsequent doses may have a prolonged  
duration of action. The albumin and  α1-acid  
glycoprotein concentrations are lower, leading 
to more unbound  d rug available to bind  to 
receptors. The immaturity of the liver leads to 
decreased  d rug metabolism of some d rugs. 
(5:1171-2)

364.  (E) Lower doses of muscle relaxant are needed  
for the neonate because of poorly developed  
musculature, smaller muscle mass, and an imma-
ture myoneural junction. The greater total body 
water causes a dilutional effect that leads to a 
requirement for larger doses. This patient may 
have up to 0.28 mg of neostigmine. (3:125, 131)
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365.  (D) The Mapleson D system is the most effi-
cient circuit for controlled  ventilation. It may 
also be used  for spontaneous ventilation, 
though it is not as efficient as the Mapleson A 
system is for spontaneous ventilation. (5:638-40)

366.  (D) Administration of sodium bicarbonate to a 
newborn may increase the PaO2 through a 
decrease in pulmonary vascular resistance if 
the pH is increased  above 7.10-7.20. Sod ium 
bicarbonate is very hypertonic; care must be 
taken to avoid  liver damage from injection into 
the liver. H ypernatremia, hyperosmolality, 
hypercapnia, and  metabolic alkalosis are all 
potential side effects. (3:840-1)

367.  (C) The work of breathing involves overcom-
ing both elastic and  resistive forces. The neo-
nate’s chest wall is largely cartilaginous and  
therefore, highly compliant. This p romotes 
chest wall collapse when work of breathing 
requires more negative intrathoracic pressure 
as evid enced  by retractions. As the child  
breathes very fast, the work is increased , since 
turbulent, not laminar, flow is more prevalent. 
Resistance to flow is governed  by Poiseuille’s 
Law:

Resistance 8
4= vl

rπ

where r is the rad ius of the tube, in this case, 
the airway, l is the length of the tube, and  v is 
the viscosity of the gas. (5:255)

368.  (A) Closing capacity (CC) is greater than func-
tional residual capacity (FRC) at birth and  
gradually decreases from infancy to adulthood 
at which time CC is less than FRC. As CC is 
greater than FRC in infants, airway closure 
may occur even during normal tidal volumes 
resulting in atelectasis. (5:255)

369.  (E) Coarctation may occur in isolation or may 
be associated  w ith all of the lesions listed  
except pulmonic stenosis, and  it is associated  
with Turner syndrome. (3:303, 483)

370.  (D) Posttraumatic or postintubation croup is 
treated  with head  up position, mist inhalation, 
parenteral glucocorticoids, and nebulized race-
m ic ep inephrine. Glu cocorticoid s are not 
immediately effective, and  some question their 
use at all, but they are usually given. Sedation 
of the child  is based on the decision of whether 
or not the child ’s anxiety may be contributing 
to the problem. Sedation should  not be a rou-
tine order. (5:576, 1286)

371.  (D ) Pyloric stenosis is not a su rgical emer-
gency. Infants may be significantly hypovole-
mic, hypokalemic, hypocalcemic, and alkalotic. 
It is necessary to rehyd rate the patient and  
correct the metabolic abnormalities prior to 
p roceed ing with surgery. Administering an 
antiemetic is not ind icated  in this situation, as 
the cause of vomiting is mechanical obstruc-
tion to gastric emptying. (3:761-2)

372.  (B) This is the classic presentation of epiglot-
titis. The child  is typically sitting up to allow 
better hand ling of the secretions. Since the 
child  has pain on sw allow ing, d rooling is 
common. The onset is sudden, and  the child  is 
febrile. (5:1230-1)

373.  (B) The treatment of epiglottitis is primarily 
securing the airway in a controlled  environ-
ment, usually the operating room, with a sur-
geon available to provide a surgical airway. As 
the cause of this is bacterial, antibiotics are 
ind icated . Hydration and  humid ified  oxygen 
are desirable, but glucocorticoids are not ind i-
cated . (3:676; 5:1230-1)

374.  (D) Patients w ho have a history of solvent 
abuse may have a peripheral neuropathy 
(common after prolonged exposure to hexane 
or methyl ethyl ketone). Halogenated  hydro-
carbons may cause acute or chronic hepatic 
and  renal d isease, depending on the amount 
inhaled  and  the d u ration  of the abu se. 
Neutropenia is unlikely. Methemoglobinemia 
may be caused by abuse of amyl nitrate. (5:326)
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375.  (A) Excessive p u lm onary blood  flow  is 
common in patients with congenital heart d is-
ease. Increased pulmonary artery pressure and  
blood flow can limit gas exchange by several 
m echan ism s lead ing to the sym p tom s 
described  in this patient. Distended  pulmo-
nary vessels m ay com press bronchi and  
increase work of breathing. Increased  venous 
return d istends the left atrium that may com-
press the left main stem bronchus. Increased  
pu lmonary blood  flow and  pressu re along 
with elevated  left atrial pressure cause pulmo-
nary venous congestion. Lung compliance 
d ecreases and  airw ay resistance increases. 
Areas of the lung with atelectasis and shunting 
then lead  to desatu ration even in this child  
with an noncyanotic congenital lesion. (5:932)

376.  (A) The Pierre Robin syndrome is usually not 
associated  with renal, lung, or vertebral prob-
lems. Child ren with this syndrome may have 
congenital card iac d isease and  a preoperative 
card iac echo for nonemergent surgery is ind i-
cated . (5:249)

377.  (A) There is controversy concerning the role of 
oxygen in retinopathy of prematurity. The retina 
is at risk until the vascularization is complete at 
about 44 weeks. It is not related  to FIO2 but is 
related  to oxygen tension and also to other fac-
tors as well. It occurs in 50% of extremely low 
birth weight infants. Retinopathy has been 
reported in full-term infants and in premature 
infants never given oxygen therapy. (3:738)

378.  (B) Subglottic edema is more common in pedi-
atric patients, especially between the ages of 1 
and  4 years old . It may be prevented by the use 
of an appropriate-sized  endotracheal tube and  
ensuring an adequate leak around the tube and  
by minimizing intubation attempts. The use of 
creams on the tube has not been shown to be 
effective. It is associated  with changes in posi-
tion  d u ring the p roced u re and  there is 
increased risk with positions other than supine. 
(3:253)

379.  (C) This type of TEF accounts for 80-90% of 
cases. Esophageal atresia and  TEF are often 
associated  with other congenital abnormalities, 

in particular the VATER association (vertebral 
abnormalities, imperforate anus, tracheoesoph-
ageal fistula, rad ial aplasia, and  renal abnor-
malities), cardiac defects, and duodenal atresia. 
Of these, cardiac is the most common. Infants 
with TEF should be maintained prone or in the 
lateral position with a 30° head-up  tilt to 
decrease the risk of pulmonary aspiration and a 
large bore naso/ orogastric tube should  be 
placed to help prevent aspiration. (5:1179-80)

380.  (A) The left mainstem bronchus should  also be 
investigated  as aspirated  food can crumble and  
can potentially be located  in both bronchi even 
in the absence of wheezing on the left. Although 
the patient is in no d istress, organic matter, 
such as popcorn or peanuts, tends to swell and 
fragm ent or crum ble over tim e, making 
retrieval even more difficult. Spontaneous ven-
tilation is usually preferred  when possible, but 
if ventilation and oxygenation are inadequate, 
assisted and even controlled ventilation may be 
necessary. With the actual removal of the for-
eign body, it is important that the patient does 
not cough or respond  in any other way that 
may cause the surgeon to d rop the foreign 
body. However, this can be accomplished with-
out muscle relaxation if the child  is deeply 
anesthetized . There are many possible tech-
niques that may be used  for a case like this 
includ ing total intravenous anesthesia w ith 
propofol. The patient may become apneic, but 
this is possible with any of the other techniques 
as well. (3:679-80, 774-5)

381.  (C) Card iomyopathy is not a complication 
associated  w ith hypotonic cerebral palsy. 
(3:492-3)

382.  (E) Newborn infants with significant congeni-
tal heart d isease commonly present with either 
cyanosis or congestive cardiac failure. Cyanosis 
occurs when there is a significant degree of 
intracard iac shunting. Transposition of the 
great arteries always results in cyanosis and  
sometimes presents with congestive heart fail-
ure. The remainder of the lesions rarely results 
in cyanosis. Patent ductus arteriosus some-
times results in congestive heart failure. Total 
anom alou s p u lm onary venou s d rainage, 
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atrioventricular canal, and  ventricular septal 
defect frequently present with congestive heart 
failure. (3:928-33)

383.  (D) In the presence of increased  intracranial 
pressure (ICP), these patients may be vomiting 
and  are at risk for pu lmonary asp iration. 
Therefore, preoperative sedation with opioid  
analgesics may be unsafe and  a rapid  sequence 
induction (despite the risks of further raising 
ICP) may be the procedure of choice. Ketamine 
would be a poor choice in this situation because 
it can lead  to intracranial hypertension and  it 
also increases CMRO2. If intravenous access is 
a problem, inhalational induction with halo-
thane or sevoflurane and  cricoid  pressure may 
be performed but is less desirable. Once induc-
tion is complete, the trachea intubated , and  
intravenous access secured , anesthesia may be 
maintained  with intravenous agents or low 
concentrations of isoflurane. Of the commonly 
used  potent volatile anesthetic agents, isoflu-
rane appears to produce the smallest increase 
in cerebral blood flow for the depth of anesthe-
sia produced  and  is usually used  freely in neu-
rosurgical procedures up to a minimum alveolar 
concentration of about 1. (5:873-4)

384.  (A) This is the classic presentation of laryngo-
tracheobronchitis (croup). These patients have 
a gradual onset of symptoms including a bark-
ing cough, a low-grade (if any) fever, and  a 
subglottic obstruction. (5:1230-31)

385.  (A) Treatment of laryngotracheobronchitis is 
primarily medical and supportive and includes 
humidified  oxygen, hydration, and  nebulized  
racemic ep inephrine. The use of glucocorti-
coids is controversial, and  antibiotics are not 
ind icated  as the etiology is viral and  not bacte-
rial. Intubation is usually not necessary and  is 
only ind icated  for respiratory fatigue and / or 
cyanosis. (3:676; 5:1230-1)

386.  (D) High inspired  concentrations of sevoflu-
rane may cause bradycard ia, particu larly in 
susceptible patients. This patient is at risk for 
this effect due to the d iagnosis of Down syn-
d rome and  due to having had  a ventricu lar 

septal defect repair in the past. Propofol and  
rocuronium are more likely to cause tachycar-
d ia. Fentanyl may cause bradycard ia but is 
unlikely to cause this degree of bradycard ia at 
the dose used . A vagal response could  cause 
bradycard ia, bu t the heart rate was already 
decreasing making sevoflurane the most likely 
cause. (3:303, 476; 5:1187)

387.  (E) Williams syndrome is a congenital gene 
deletion syndrome typically involving the long 
arm of chromosome 7. Features of this syn-
drome include elfin facies, outgoing personal-
ity, end ocr ine abn orm alit ies su ch  as 
hypercalcemia and  hypothyroid ism, neurode-
velopmental delay, growth deficiency, muscu-
lar w eakness, valvu lar and  supravalvu lar 
aortic stenosis, coarctation of the aorta, abnor-
malities of the origin of the coronary arteries, 
d iffuse narrowing of the abdominal aorta, and  
renal artery stenosis. (3:303-4)

388.  (B) The needle pierces the sacrococcygeal liga-
ment to enter the epidural space, but this is not 
a structu re that is palpated  in performing a 
caudal injection. (3:880-1)

389.  (A) Althou gh these p atients often  have 
decreased  ability to swallow secretions, and  
have gastroesophageal reflux, there is no evi-
dence that a rapid  sequence induction is safer. 
Succinylcholine may be used  safely in these 
patients because the muscles of these patients 
have never been denervated . These patients 
require less propofol and  volatile agent than 
otherwise healthy children. (3:652)

390.  (C) Normovolemic hemodilution is contraindi-
cated  in patients with sickle cell d isease, sepsis, 
and  compromised function of any major organ 
that may be affected  by significant changes in 
perfu sion and  oxygenation. Patients w ith 
moderate anemia are not good candidates for 
this technique because not enough red  cells 
can be removed from these patients to make 
the technique effective. This technique is spe-
cifically ind icated  in su rgeries in which the 
amount of blood  loss is expected  to be greater 
than half the child’s blood  volume. (3:218)
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391.  (A) The incid ence of PONV in child ren is 
inversely related  to age. It is not common in 
very young children, then it increases through-
ou t childhood , and  in adolescents the inci-
dence is greater than that in adu lts. Certain 
surgeries have a higher incidence of PONV, 
includ ing tonsillectomy, strabismus repair, 
hernia repair, orchiopexy, microtia repair, and  
middle ear procedures. The type of anesthetic 
does influence the incidence of PONV. For 
example, p ropofol-based  anesthesia w hen 
used  in procedures with a high incidence of 
PONV has been shown to resu lt in a much 
low er incidence of PONV than isoflu rane-
based  anesthesia. (3:1017-8)

392.  (D) Venous return decreases with pneumoperi-
toneum  contribu ting to d ecreased  card iac 
output. (3:587-9)

393.  (M) In add ition to pheochromocytoma, the 
syndrome is associated  with angiomas of the 
retina and  hemangioblastomas of the cerebel-
lum and/ or spinal cord , and  cysts in various 
organs includ ing the kidney and  pancreas. 
(6:793)

394.  (L) In addition to gonadal dysgenesis, Turner 
syndrome is associated  with coarctation of the 
aorta. (5:271; 6:1925)

395.  (B) The syndrome is associated  with overpro-
duction of insu lin-like growth factor II that 
leads to chronic and  severe hypoglycemia. 
(5:293, 1261)

396.  (K) The syndrome is associated  with vascular 
tumors of the face (port-wine stain) and  severe 
seizures. (5:1223)



CHAPTER 17

Anes thes ia for Mis ce llaneous  
Procedures

Ques tions

DIRECTIONS (Questions 397-456): Each of the 
numbered  items or incomplete statements in this 
section is followed by answers or by completions of 
the statement. Select the ONE lettered  answer or 
completion that is BEST in each case.

397. A 58-year-old , 5’8”, 138-kg male is brought 
emergently to the operating room for explora-
tion of an open tibial fracture w ith vascular 
compromise under general anesthesia. Vital 
signs are BP 112/ 64, HR 94, RR 22, SpO2 96%. 
A rapid  sequence induction with propofol, fen-
tanyl, and  succinylcholine is performed. Upon 
loss of consciousness, the patient desaturates 
precipitously, requiring positive pressure ven-
tilation to maintain oxygenation. The LEAST 
effective means of preventing this desaturation 
would  be preoxygenation with

(A)  the application of positive pressure 
ventilation

(B)  four vital capacity breaths with 100% O2
within 30 sec

(C)  100% O2 for 3 min
(D)  p lacement of the patient’s head , neck, 

and  upper body in the ”ramped” 
position

(E)  p lacement of the patient in the reverse 
Trendelenburg position

398. A 53-year-old , 5’10” 142-kg patient underwent 
an 8-h excision of a pancreatic cyst under 

combined  general/ ep idural anesthesia. The 
epidural, placed at the T8 level, was dosed pre-
operatively with good  effect. In the PACU, the 
patient has no incisional pain, but complains 
of severe bilateral bu ttock, upper back, and  
shoulder pain. On physical examination, there 
is tenderness to palpation of the affected areas. 
The most appropriate initial step in manage-
ment should  be to

(A)  begin broad  spectrum antibiotics
(B)  add  an anti-inflammatory to patient’s 

analgesic regimen
(C)  remove the epidural catheter and  

culture the tip
(D)  seek a consult from the neurology 

service
(E)  assure adequate volume repletion

399. You are asked  to evaluate a 47-year-old  male 
with advanced  alcoholic cirrhosis, now placed  
on the liver transplant waiting list. In review-
ing his chart, you  note that he has a MELD 
score of 13 and  is listed  as a Child -Pugh class 
B. The criterion that is common to both classi-
fication models is

(A)  serum creatinine
(B)  degree of ascites
(C)  serum bilirubin
(D)  serum albumin
(E)  severity of encephalopathy

307
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DIRECTIONS: Use the following scenario to answer 
Questions 400-401: A 28-year-old , 5’3”, 124-kg 
woman, who underwent Roux-en-Y gastric bypass 
surgery four months ago, presents to your preopera-
tive testing unit for evaluation prior to a scheduled  
laparoscopic cholecystectomy. You notice her gait 
seems unsteady as she walks into your office, and  
that her handshake seems weak. On questioning, 
she describes a several week history of vomiting and  
muscle weakness that she attributes to a recent flu-
like illness. On exam she exhibits both a slight foot 
and  wrist drop bilaterally. Medical history is other-
wise unremarkable.

400. All of the following conditions should  be part 
of your d ifferential d iagnosis EXCEPT

(A)  Wernicke’s encephalopathy
(B)  vitamin A deficiency
(C)  Guillain-Barre syndrome
(D)  APGARS neuropathy
(E)  vitamin B12 deficiency

401. The single best predictor of problematic intu-
bation in this patient is

(A)  Mallampati class 4 airway
(B)  body mass index
(C)  neck circumference
(D)  history of obstructive sleep apnea
(E)  thyromental d istance

DIRECTIONS: Use the following scenario to answer 
Questions 402-403: A 64-year-old , 5’11”, 156-kg male 
is brought to the operating room for an emergent 
laparoscopic appendectomy under general endotra-
cheal anesthesia. Induction is performed with mid-
azolam, sufentanil, propofol, and  succinylcholine.

402. The anesthetic agent that shou ld  be dosed  
accord ing to lean body weight is

(A)  propofol
(B)  succinylcholine
(C)  sufentanil
(D)  midazolam

403. Anesthesia is maintained with O2, N2O, desflu-
rane and  sufentanil. Within 10 min of insuffla-
tion of the abdomen, the patient’s oxygen 

saturation has d ropped  slowly from 97% to 
92%. The most appropriate initial step in man-
agement should  be to

(A)  increase tidal volume from 7 mL/ kg to 
10 mL/ kg

(B)  place the patient in reverse 
Trendelenburg position

(C)  ask the surgeon to decrease the intraab-
dominal pressure by releasing carbon 
d ioxide

(D)  add  5 cm H 2O of PEEP
(E)  change the ventilation mode from volume 

control to pressure control

404. A 52-year-old , 5’4”, 118-kg male, previously 
healthy, is scheduled  for excision of a pancre-
atic cyst. Prior to surgery, he undergoes pul-
monary function testing. When comparing the 
results of this patient’s study with those of a 
5’8”, 84-kg male with a similar medical history, 
one would  expect the greatest d ifference in

(A)  RV
(B)  FRC
(C)  TLC
(D)  FVC
(E)  FEV1

405. You are called  to the PACU to evaluate your 
patient, a previously healthy 51-year-old female 
who underwent an uneventful subtotal thyroid-
ectomy for newly d iagnosed  papillary carci-
noma that finished three hours ago, and who 
now appears to be in respiratory distress. On 
arrival, you immediately note her stridorous 
inspirations, her sternal retractions, and her agi-
tation. The most likely cause of her symptoms is

(A)  tracheomalacia
(B)  unilateral recurrent laryngeal nerve 

injury
(C)  hypocalcemia
(D)  incisional hemorrhage
(E)  bilateral recurrent laryngeal nerve injury

DIRECTIONS: Use the following scenario to answer 
Questions 406-407: A 67-year-old  male with a d iag-
nosis of acute cholangitis is brought to the operating 
room urgently for endoscopic sphincterotomy and  
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drainage of the gallbladder. His past medical history 
is significant for a recent diagnosis of Graves disease 
for which he was started  on antithyroid  therapy 
2 weeks before admission. He is now febrile (38.2°C)
and tachycard ic (104 bpm), with oxygen saturation 
of 96% and a stable blood  pressure. He received  
antibiotics one hour prior to arriving in the operat-
ing room.

406. The laboratory value that will yield  the most 
information about the patient’s response to his 
antithyroid  treatment is

(A)  TSH
(B)  free T3
(C)  unbound T4
(D)  rad ioiodine uptake
(E)  total T3

407. After an uneventfu l general anesthetic w ith 
endotracheal intubation, the patient was trans-
ferred  to the PACU. Initial vital signs included  
a HR 108, BP 94/ 48, SpO2 98%, and  T 38.4°C.
You order a fluid  bolus of 500 mL of crystal-
loid . One hour later, you are called  to evaluate 
the patient who has just vomited  and  is now 
agitated , confused , and  d iaphoretic, w ith a 
temperature of 39.3°C, HR 152 bpm with ven-
tricular ectopy, BP 86/ 42, SpO2 97%. The least 
appropriate medication for initial management 
of this patient is

(A)  methimazole
(B)  aspirin
(C)  dexamethasone
(D)  cholestyramine
(E)  propranolol

DIRECTIONS: Use the following scenario to answer 
Questions 408-409: A 46-year-old male is undergoing 
orthotopic liver transplant for end-stage liver d is-
ease secondary to alcoholic cirrhosis.

408. Risks during graft reperfusion include all of 
the following EXCEPT

(A)  increased  systemic vascular resistance
(B)  paradoxical embolus

(C)  right heart failure
(D)  decreased  coronary perfusion pressure
(E)  pulmonary hypertension

409. Electrolyte d istu rbances commonly seen in 
patients und ergoing liver transp lantation 
include all of the following EXCEPT

(A)  hyperkalemia
(B)  hyperglycemia
(C)  hypernatremia
(D)  hypocalcemia
(E)  hypoglycemia

410. 42-year-old  male with end-stage renal d isease 
secondary to a 25-year history of type I d iabe-
tes is scheduled  for explant of a previously 
transplanted  kidney followed  by immediate 
renal transplant. The anesthetic maintenance 
technique that is most ideal in this situation is

(A)  O2, N 2O, desflurane, fentanyl, 
pancuronium

(B)  O2, N 2O, sevoflurane, fentanyl, 
cisatracurium

(C)  O2, air, isoflurane, fentanyl, vecuronium
(D)  O2, air, desflurane, fentanyl, 

cisatracurium
(E)  O2, air, desflurane, fentanyl, rocuronium

DIRECTIONS: Use the following scenario to answer 
Questions 411-412: A 71-year-old  female is in your 
ICU following emergent repair of a rupture of her 
descend ing aorta following a motor vehicle acci-
dent. She is extubated  12 h after arrival to the unit. 
Shortly thereafter, she begins complaining of nau-
sea, vomiting, and  severe abdominal pain. Her 
abdominal exam is unimpressive. Laboratory results 
are pending.

411. The most likely etiology of her symptoms is

(A)  acute cholecystitis
(B)  small bowel obstruction
(C)  ischemic colitis
(D)  acute pancreatitis
(E)  gastric perforation
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412. Four hours later, the patient is becoming tachy-
card ic, hypotensive, and  unresponsive to flu id  
resuscitation. While awaiting a consult from 
the surgical service, pharmacologic support 
with which agent should  be instituted?

(A)  Dopamine
(B)  Epinephrine
(C)  Phenylephrine
(D)  Dobutamine
(E)  Norepinephrine

413. You are asked  to evaluate a patient in the 
PACU who has undergone a TURP. On arrival, 
you  find  a 76-year-old  agitated  man yelling 
that he can’t see anything. His past medical 
history is significant for smoking, hyperten-
sion, and  coronary artery d isease with recent 
stent placement. The most likely cause of the 
visual d isturbance is

(A)  sorbitol toxicity
(B)  cortical blindness
(C)  transient ischemic attack
(D)  glycine toxicity
(E)  hyperammonemia

414. A 74-year-old  female is scheduled for ECT. Her 
past medical history is significant for chronic 
renal failure requiring d ialysis three times per 
week. Her last d ialysis was 3 d  ago. You ask 
that a serum [K+ ] be d rawn prior to induction 
of anesthesia. After administration of succinyl-
choline, her serum [K+ ] will rise approximately

(A)  0.5 mEq/ L
(B)  1.5 mEq/ L
(C)  3.0 mEq/ L
(D)  0 mEq/ L (no change)
(E)  >3.0 mEq/ L

DIRECTIONS: Use the following scenario to answer 
Questions 415-416: A 52-year-old  male, involved  in 
an MVA, is brought emergently to the operating 
room for exploratory laparotomy secondary to the 
presence of abdominal free air and  fluid  on CT scan. 
His past medical history is significant for alcoholic 
cirrhosis, Child ’s class B. Preoperative coagulation 
stud ies reveal a p latelet count of 82,000/ mm3,

prothrombin time of 18 sec (control 13 sec), and  par-
tial thromboplastin time of 62 sec (control 27 sec).

415. His apparent coagulopathy from liver d isease 
can be reversed with a combination of all of the 
following EXCEPT

(A)  platelets
(B)  fresh frozen plasma
(C)  cryoprecipitate
(D)  factor VIII
(E)  vitamin K

416. During induction and  maintenance of general 
anesthesia in this patient, it is important to 
remember that this patient may exhibit a(n)

(A)  decreased  response to catecholamines
(B)  decreased  volume of d istribution
(C)  decreased  clearance of fentanyl
(D)  increased  hepatic blood flow during 

surgery
(E)  increased  protein binding

DIRECTIONS: Use the following scenario to answer 
Questions 417-418: A 64-year-old  female with a his-
tory of hypertension and  benign ventricular arrhyth-
mias is scheduled  for extracorporeal shock wave 
lithotripsy (ESWL) under general anesthesia. Your 
recommendation to the urologist is that he use syn-
chronized  ESWL.

417. The most accurate statement about synchro-
nized  ESWL is that

(A)  it generates higher intensity waves than 
non-synchronized  ESWL

(B)  shock waves should  be timed  20 msec 
before the R wave

(C)  it requires deeper levels of analgesia
(D)  it does not interfere with pacemakers
(E)  it should  be timed to correspond to the 

ventricular refractory period

418. You’re told  that the new lithotriptor recently 
purchased  by the hospital has not yet been 
approved  for use. Instead , the urologist will 
need  to use the older model Dornier lithotrip-
tor requ iring a w ater bath. You  are now 
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concerned  about which one of the following 
physiologic and  hemodynamic changes that 
may occur once the patient is positioned  and  
the procedure is underway?

(A)  Transient hypertension followed  by 
hypotension

(B)  Decrease in venous return
(C)  Rise in systemic vascular resistance
(D)  Increased  functional residual capacity
(E)  Bradycard ia

DIRECTIONS: Use the following scenario to answer 
Questions 419-420:An 82-year-old , 100-kg male with 
a history of hypertension and  COPD is undergoing 
a transurethral resection of the prostate under spi-
nal anesthesia at a T8 level. Thirty minutes into the 
procedure he complains that he is nauseated , and  
having trouble catching his breath. You note his 
blood pressure has increased  from 100/ 68 mm Hg 
to 152/ 94 mm Hg, his heart rate has decreased  from 
74 to 56 bpm, and  his ECG shows ST elevation in 
lead  II. He is becoming restless and  trying to sit up.

419. The management of this patient should  include 
all of the following EXCEPT

(A)  inform the surgeon
(B)  check serum sod ium, serum osmolality 

and  hemoglobin
(C)  start an infusion of a hypertonic saline 

solution
(D)  administer intravenous furosemide
(E)  stop the procedure

420. As you  administer oxygen, d raw blood  for 
labs, and  begin management of the patient, 
you  note that he is becoming lethargic. H is 
p lasma [Na+ ] is 119 mEq/ L. The p referred  
maneuver to increase the p lasma [Na+ ] to 130 
mEq/ L is

(A)  correcting his total body sod ium deficit 
of 380 mEq

(B)  infusing isotonic saline to increase [Na+ ]
1-1.5 mEq/ L/ h

(C)  infusing 0.5 liters of 3% saline over 2 h
(D)  administering a potassium-sparing 

d iuretic

DIRECTIONS: Use the following scenario to answer 
Questions 421-422: A 62-year-old  woman with a his-
tory of severe gastroesophageal reflux is scheduled  
for a laparoscopic fundoplication. Past medical his-
tory is significant only for a 55 pack-year history of 
smoking. After an uneventful induction and  intuba-
tion, she is anesthetized  with isoflurane, oxygen, air, 
and  fentanyl. After insertion of the trocar through 
the abdominal w all, she was p laced  in steep 
Trendelenburg position, carbon d ioxide was insuf-
flated , and  the procedure begun. Three hours later, 
as the surgeon is preparing to remove the trocar, the 
patient becomes progressively more hypotensive, 
with a concomitant rise in peak inspiratory pressure 
and  drop in oxygen saturation.

421. The most likely cause of the hypotension is

(A)  compression of the inferior vena cava
(B)  patient position
(C)  carbon d ioxide embolism
(D)  pneumoperitoneum
(E)  tension pneumothorax

422. After increasing inspired oxygen concentration, 
the priority should  be to

(A)  flatten the table
(B)  place the patient into the left lateral 

position
(C)  administer epinephrine
(D)  auscultate the chest
(E)  ask the surgeon to decompress the 

pneumoperitoneum

423. An otherw ise healthy 36-year-old  male is 
scheduled for an elective excision of vocal cord  
polyp utilizing CO2 laser under general anes-
thesia. On exam patient is 5’11”, 79 kg, with a 
normal airway exam. The most effective means 
to avoid  an airway fire in this case is

(A)  minimize inspired  oxygen concentration
(B)  wrap the endotracheal tube cuff with 

metal tape
(C)  u tilize an apneic oxygenation technique
(D)  fill the cuff with a saline-blue dye mix
(E)  add  nitrous oxide
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424. A 43-year-old  previously healthy male pres-
ents for elective resection of a newly diagnosed  
pheochromocytoma. He began his phenoxy-
benzamine 10 d  ago. All of the following state-
ments are accurate about phenoxybenzamine 
EXCEPT

(A)  dosing should  be instituted  before 
β -adrenoceptor blockade

(B)  reversal depends on synthesis of 
α-adrenoceptors

(C)  dosage should  be ad justed  accord ing to 
the levels of urinary catecholamine 
metabolites

(D)  it causes orthostatic hypotension and  
reflex tachycard ia

(E)  it is a non-competitive, non-selective 
alpha blocker that covalently binds to 
α-adrenoceptors

425. An 82-year-old patient is scheduled to undergo 
hip arthroplasty with a cemented  prosthesis to 
repair a hip fracture secondary to a mechanical 
fall. The patient is anesthetized  with a spinal 
anesthetic, in addition to a propofol infusion 
for sedation. Shortly after insertion of the pros-
thesis, the patient’s blood  pressure falls from 
128/ 85 to 84/ 40, HR increases from 73 to 108 
bpm, Sp O2 falls from 96% to 78%, and  you 
notice a new  right bund le branch block on 
ECG monitoring. The most likely cause of 
these changes is

(A)  myocard ial ischemia
(B)  use of cement containing methylmethac-

rylate
(C)  hypoventilation secondary to sedation
(D)  increased  intramedullary pressure
(E)  hypovolemia

426. A 43-year-old  otherwise healthy male, involved  
in a motorcycle accident on his way to work, 
presents to the operating room with a posteri-
orly d isplaced open tibial fracture. He is sched-
uled  for emergent vascular exploration of the 
calf wound due to d iminished  d istal pu lses, 
w ith subsequent ORIF of the fractu re. The 
most appropriate analgesic technique is

(A)  sciatic nerve block with 1.5% mepiva-
caine

(B)  patient controlled  analgesia with 
morphine

(C)  epidural analgesia with 0.5% bupiva-
caine and  fentanyl infusion

(D)  combined  sciatic and  femoral nerve 
block with 0.5% bupivacaine

(E)  sciatic nerve block with 0.75% 
ropivacaine

427. A 24-year-old  male was brought to the operat-
ing room intubated  after su ffering a closed  
head  inju ry from a fall w hile hiking. H e 
presented  for an urgent ORIF of an open com-
minuted  d istal humerus fractu re. An upper 
extremity tourniquet w as inflated  continu-
ously at 100 mm Hg above the patient’s systolic 
blood  pressure, and  remained  inflated  for 
2.5 h during the case. The least likely effect 
from the use of the tourniquet is

(A)  ulnar nerve palsy
(B)  fibrinolysis with limb reperfusion
(C)  microvascular thrombosis
(D)  increased  preload  upon tourniquet 

inflation
(E)  decrease in core temperature after 

tourniquet release

428. A 38-year-old  m ale w ho had  requ ired  a 
prolonged  extrication after a motor vehicle 
accident is brought to the operating room for 
exp loratory laparotomy for suspected  rup -
tured  sp leen as well as fixation of multip le 
lower extremity fractures. After induction of 
general anesthesia and  endotracheal intuba-
tion, an esophageal temperatu re p robe is 
inserted  showing an initial temperature read-
ing of 32°C. All of the follow ing may be 
encountered  EXCEPT

(A)  metabolic acidosis
(B)  impairment of the intrinsic clotting 

cascade
(C)  card iac dysrhythmias
(D)  p latelet dysfunction
(E)  profound peripheral vasodilation
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DIRECTIONS: Use the following scenario to answer 
Questions 429-430: A 22-year-old  5’10”, 110 kg oth-
erwise healthy male was brought to the emergency 
department after being struck in the eye with a 
baseball. His exam revealed  an open globe injury 
for which he is now brought emergently to the oper-
ating room. He states that he ate lunch just prior to 
the start of the ball game. On exam he has a large 
neck, 3-fingerbread th thyromental d istance, and  a 
Mallampati Class 3 airway.

429. The safest anesthetic technique for this patient 
is

(A)  retrobulbar block with intravenous 
sedation

(B)  general anesthesia with laryngeal mask 
airway

(C)  peribulbar block with intravenous 
sedation

(D)  general anesthesia with awake fiberoptic 
intubation

(E)  general anesthesia with rapid  sequence 
induction

430. The best intubating conditions for this patient 
will be achieved  using

(A)  propofol, fentanyl, and  succinylcholine 
1.5 mg/ kg

(B)  propofol, lidocaine, and  rocuronium 
1.2 mg/ kg

(C)  propofol, fentanyl, and  rocuronium 
0.6 mg/ kg

(D)  propofol, fentanyl, rocuronium 0.5 mg, 
succinylcholine 1.5 mg/ kg

431. You are asked  to begin a case for your col-
league. You introduce yourself to the patient, 
and  note that he is a 63-year-old  male sched-
u led  for rad ical p rostatectomy for p rostate 
cancer. He is a very good historian, and  tells 
you that his only medical problem is coronary 
artery d isease, for which he underwent stent 
placement 2 years ago. His only medication is 
a beta blocker that he takes daily. When asked  
to sign the anesthesia consent, the patient 
informs you that he is a Jehovah’s Witness, and  
that he refuses all blood  therapy. He tells you 
that the surgeon is aware, and  agrees. After 

extensive d iscussion with the patient in which 
you d iscuss the various options as well as pos-
sible complications from refusal of such ther-
apy, he still refuses. You  are uncomfortable 
caring for this patient. Your next step should  
be to

(A)  proceed  with the case, as you are 
ethically obligated  to care for this 
patient

(B)  speak with his health care proxy in an 
effort to obtain consent from him/ her

(C)  call a consult from the hospital ethics 
committee

(D)  refuse to care for the patient, but obtain 
informed refusal

(E)  call the hospital attorney to get a court 
order to give him blood if his life is at 
stake

432. A 55-year-old  man has undergone an unevent-
ful knee arthroscopy under general anesthesia. 
H is only significant p reoperative m ed ical 
problem is osteoarthritis. The criterion LEAST 
important in determining appropriateness for 
d ischarge home from the Phase II postanesthe-
sia care unit is

(A)  pain score
(B)  ability to void
(C)  oxygenation
(D)  blood pressure
(E)  postoperative nausea and  vomiting

433. A 78-year-old  male is undergoing repair of a 
detached  retina under general endotracheal 
anesthesia. The surgeon informs the anesthesi-
ologist that he plans to inject a bubble of sulfur 
hexafluoride into the vitreal cavity to tampon-
ade the retina. As the retina is re-attached , the 
anesthesiologist should

(A)  d iscontinue nitrous oxide
(B)  d iscontinue all fluorinated  anesthetic 

gases
(C)  ensure that all extraocular muscles are 

maximally paralyzed  via the adminis-
tration of a muscle relaxant

(D)  elevate the head  of the bed
(E)  hyperventilate the patient
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434. A 44-year-old  patient underwent a 4-h opera-
tive procedure for emergency repair of a liver 
laceration and  sp lenectomy following blunt 
abdominal trauma as a result of a motor vehi-
cle accident. In the PACU the patient is noted  
to have worsening metabolic acidosis, poor 
urine output, and  a tense and  d istended  abdo-
men. The surgical team is questioning the pos-
sibility of abdominal compartment syndrome. 
Definitive d iagnosis is made by

(A)  measurement of card iac output
(B)  serial measurement of glomerular 

filtration rate
(C)  measurement of pressure within the 

bladder
(D)  measurement of simultaneous PCWP 

and  CVP values
(E)  serial measurements of abdominal girth

435. A 56-year-old , 84-kg patient is scheduled  for 
outpatient knee arthroscopy for removal of 
loose intraarticular bodies. The patient has a 10 
year history of severe obstructive sleep apnea 
for which he uses CPAP nightly. The single 
factor that would  increase the safety of postop-
erative d ischarge of this patient is

(A)  a surgical time of less than one hour
(B)  placement of femoral nerve block to 

reduce postoperative pain
(C)  use of CPAP by the patient at home
(D)  adequate management of postoperative 

pain with ibuprofen

436. A 74-year-old  patient is scheduled  for an elec-
tive right hemicolectomy. During her preop-
erative evaluation, she tells your colleague that 
she was recently d iagnosed  with open angle 
glaucoma for which she was prescribed  timo-
lol eye drops that she uses faithfully. She will 
require a general anesthetic with a neuromus-
cular blocking agent. Your colleague’s normal 
practice is to reverse neuromuscular blockade 
w ith atrop ine and  neostigmine. Given this 
patient’s history, your colleague should

(A)  reverse with a combination of glycopyr-
rolate and  neostigmine

(B)  make no change in his practice

(C)  avoid  all nondepolarizing neuromuscu-
lar blocking agents

(D)  use a short acting agent to allow sponta-
neous return of neuromuscular function

(E)  reverse with a combination of atropine 
and  edrophonium

437. A patient is brought to the operating room for 
repair of an open fracture sustained  from a fall 
from a window during a house fire. The patient 
was intubated  at the scene and  ventilated  with 
100% oxygen via a bag-mask-valve device 
during transport to the hospital. The most reli-
able method  for d etermining w hether the 
patient has carbon monoxide poisoning while 
being ventilated  with 100% O2 is

(A)  routine arterial blood gas analysis
(B)  pulse oximetry
(C)  capnometry
(D)  arterial carboxyhemoglobin level
(E)  capnography

438. You are asked  to evaluate an 84-year-old  
patient scheduled for a right hemicolectomy. In 
comparison to a 44-year-old  patient undergo-
ing a similar procedure, you would  expect to 
see a decrease in which one of the following 
physiologic parameters in the 84-year-old?

(A)  Ventilation-perfusion mismatch
(B)  Closing volume
(C)  Vital capacity
(D)  Alveolar dead  space
(E)  Residual lung volume

439. A 76-year-old  female driver of a motor vehicle 
hit by a truck is brought to the operating room 
for emergent splenectomy and stabilization of 
a pelvic fracture. She arrives intubated , with a 
blood  pressure of 80/ 40 and  heart rate of 124. 
The patient’s past medical history is unknown. 
Initial labs reveal a serum potassium concen-
tration of 7.1 mEq/ L. The serum potassium 
concentration will NOT be decreased  by

(A)  an intravenous bolus of calcium 
chloride

(B)  hyperventilation
(C)  infusion of glucose and  insulin
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(D)  albuterol administered  by nebulizer
(E)  an intravenous bolus of sodium bicar-

bonate

440. A 62-year-old  male with liver cirrhosis, cu r-
rently on the liver transplant waiting list, is 
undergoing an emergency evacuation of sub-
dural hematoma after a fall. The neurosurgeon 
is having d ifficulty controlling bleeding. The 
LEAST likely cause of the bleeding is

(A)  d isseminated  intravascular coagulation
(B)  splenic sequestration of platelets
(C)  defective fibrin clot formation
(D)  decreased  synthesis of factor VIII
(E)  reduced  fibrinogen concentrations

441. A 68-year-old  man who takes levodopa for 
management of Parkinson disease is scheduled  
to undergo an ingu inal hernia repair. The 
patient has a history of type II d iabetes as well 
as gastroesophageal reflux. The most appropri-
ate p erioperative anesthetic m anagem ent 
includes

(A)  droperidol as an antiemetic
(B)  omission of levodopa on the morning of 

surgery
(C)  metoclopramide for reduction of gastric 

volume
(D)  spinal anesthesia with bupivacaine
(E)  morphine for postoperative analgesia

442. A 16-year-old  male, hit by a car while crossing 
the street, is brought emergently to the operat-
ing room for exp loratory laparotomy for a 
presumed liver laceration, as well as extensive 
orthopedic injuries. You d iscuss with his par-
ents the potential need  to transfuse blood and  
blood  products. When his mother asks what 
the greatest risk of transfusion is, you tell her

(A)  mistransfusion due to human clerical 
error

(B)  transfusion-related  acute lung injury
(C)  hepatitis C
(D)  human immunodeficiency virus
(E)  anaphylaxis

443. A 68-year-old  woman with 40% second  and  
third  degree burns requires burn debridement 
tw ice d aily. As she is being mechanically 
ventilated  in the ICU, the surgical team has 
asked that the debridement be done at the bed-
side under general anesthesia. The LEAST 
appropriate agent for a brief general anesthetic 
in this patient is

(A)  etomidate
(B)  ketamine
(C)  propofol
(D)  midazolam
(E)  methohexital

444. A 63-year-old  man with cirrhosis is scheduled  
for a transjugular intrahepatic portosystemic 
shunt (TIPS) p lacement for management of 
severe portal hypertension with ascites. When 
lying flat he is short of breath that worsens 
when he sits up . He has a room air Sp O2 of 
83%. The only physiologic derangement NOT 
seen in this patient would  be

(A)  impaired  hypoxic pulmonary vasocon-
striction

(B)  elevated  alveolar-arterial oxygen 
gradient

(C)  intrapulmonary shunting
(D)  decreased  nitric oxide concentrations

445. An 88-year-old  patient, who two weeks ago 
underwent aortic valve replacement, is noted  
during a postoperative clinic visit to have an 
unstable sternum and purulent drainage of his 
wound . Despite having had  breakfast, he is 
scheduled  for an emergent exploration of the 
wound . When p lanning this patient’s anes-
thetic management, you  recall that in the 
elderly

(A)  MAC is increased  for isoflurane
(B)  metoclopramide is a useful ad junct to 

promote gastric emptying
(C)  the effective dose for neuromuscular 

blockade is decreased
(D)  thermoregulation is impaired
(E)  glomerular filtration rate is increased
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446. A 32-year-old  woman sustains an injury to the 
left recurrent laryngeal nerve during a near 
total thyroidectomy. Which one of the follow-
ing is the most likely postoperative find ing?

(A)  Adduction of the left vocal cord  at rest
(B)  Aphonia
(C)  Laryngeal edema
(D)  Stridor
(E)  Paralysis of the left cricothyroid  muscle

447. You are planning the anesthetic management 
of an 82-year-old  man undergoing a carotid  
endarterectomy. He has a history of poorly 
controlled  hypertension, as w ell as chronic 
renal failu re requ iring d ialysis. The LEAST 
appropriate medication to manage intraopera-
tive and  postoperative hypertension would  be

(A)  esmolol
(B)  hydralazine
(C)  fenoldopam
(D)  nitroglycerine
(E)  nitroprusside

448. A 30-year-old  patient presents for emergency 
appendectomy. He states that he was recently 
d iagnosed  with hypothyroid ism but has been 
unable to afford  the med ication prescribed . 
The most likely manifestation of his d isease in 
the perioperative period  would  be

(A)  card iac arrhythmias with ketamine 
administration

(B)  decreased  ventilatory response to 
hypoxia

(C)  increased  MAC of inhalational 
anesthetics

(D)  decreased  sensitivity to midazolam
(E)  hypotension

449. A 46-year-old  male is brought to the operating 
room for irrigation and  debridement of an 
open tibial fracture. He had been trapped in his 
car after slid ing off the road  and  hitting a tree 
during an ice storm. He remained  alert and  
hemodynamically stable at the scene during a 
prolonged  extrication. Evaluation in the emer-
gency department reveals only an open tibial 
plateau fracture as well as a ”seatbelt” bruise 

on his anterior chest. He is hypothermic with 
a temperature of 34°C. All other vital signs, as 
w ell as EKG and  laboratory values, w ere 
normal. MAC for isoflurane in this patient is 
approximately

(A)  0.8%
(B)  1%
(C)  1.25%
(D)  1.5%
(E)  1.75%

DIRECTIONS: Use the following scenario to answer 
Questions 450-451: A 22-year-old  male is brought 
emergently to the operating room for exploration of 
multiple abdominal stab wounds. He was intubated 
at the scene due to loss of consciousness and  respira-
tory compromise. BP on arrival to the operating 
room is 70/ 40, HR is 130 bpm, and oxygen satura-
tion is 92%. Blood pressure responds minimally to 
volume resuscitation or vasopressors. Volatile anes-
thetic causes severe hypotension. Oxygen saturation 
drops each time the FIO2 is decreased below 1.0.

450. The most appropriate medication to prevent 
intraoperative recall in this patient is

(A)  remifentanil
(B)  scopolamine
(C)  midazolam
(D)  droperidol
(E)  rocuronium

451. You consider u tilizing a BIS monitor to mea-
sure depth of anesthesia. The only factor that 
does not affect the accuracy of BIS monitoring 
is

(A)  muscle activity
(B)  hypoglycemia
(C)  propofol
(D)  electrical artifact
(E)  ketamine

DIRECTIONS: Each group of items below consists 
of lettered  head ings followed  by a list of numbered  
phrases or statements. For each numbered  phrase or 
statement, select the ONE lettered  heading or com-
ponent that is most closely associated  with it. Each 
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lettered  head ing or component may be selected  
once, more than once, or not at all.

(A)  Near miss
(B)  Hazardous condition
(C)  Sentinel event
(D)  Latent error
(E)  Preventable adverse event

For each situation, choose the appropriate patient 
safety concern.

452. An anesthesiologist new to the institu tion is 
asked  to provide anesthesia for a 1-year-old  
requiring an urgent MRI. It has been several 
years since she has cared for a pediatric patient, 
and  she has never before provided  anesthesia 
in an MRI environment.

453. An 18-year-old  patient was admitted  to the 
emergency department after a bicycle accident. 
The Glasgow coma score at the scene was 12 
that d iminished  to 7 in the emergency depart-
ment. A CT scan of the head  revealed  an epi-
dural hematoma compressing the left parietal 
lobe. The patient was brought emergently to 
the operating room for evacuation of the hema-
toma. Prior to induction of anesthesia, it was 
noted  that his left pupil was now fixed  and  
d ilated . The patient was quickly prepped and  
d raped , and  a right craniotomy w as per-
formed.

DIRECTIONS: Each group of items below consists 
of lettered  headings followed by a list of numbered  
phrases or statements. For each numbered  phrase or 
statement, select the ONE lettered  head ing or com-
ponent that is most closely associated  with it. Each 
lettered  head ing or component may be selected  
once, more than once, or not at all.

(A)  Plague
(B)  Botulism
(C)  Smallpox
(D)  Brucellosis
(E)  Anthrax
(F)  Ebola
(G)  Q fever
(H)  Tularemia

For each patient suspected  to be a victim of biologic 
terrorism, select the most likely biological agent.

454. A 46-year-old  m an p resented  w ith  fever, 
fatigue, and  shortness of breath 5 d  after sus-
pected  exposure. Chest x-ray reveals mediasti-
nal widening and  bilateral p leural effusions. 
The patient was admitted  to a regular ICU bed, 
and  combination therapy begun with cipro-
floxacin and  clindamycin.

455. Tw elve d ays after su spected  exposu re, a 
28-year-old  man presents with recent onset of 
fever, vomiting, backache, and  a rash, which 
initially began on his face and  extremities. 
Exam reveals vesicles and  pustules on his face 
and  extremities, and  a maculopapular rash on 
his trunk, with lesions at the same stage at each 
location. H e is im m ed iately p laced  in  a 
negative-pressure room on strict isolation pre-
cautions until resolution and  scabbing of the 
lesions.

456. Twenty-four hours after suspected  exposure, a 
56-year-old  woman develops symptoms of dry 
mouth, double vision, d ifficulty speaking, and  
swallowing. Because the d iagnosis was made 
early, she was given a single dose of an equine 
antitoxin.
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397.  (D) Application of positive pressure ventila-
tion during preoxygenation decreases atelecta-
sis formation and  improves oxygenation. Four 
VC breaths with 100% oxygen within 30 sec 
have been suggested  as superior to 3 min of 
100% p reoxygenation  in  obese p atien ts. 
Preoxygenation in the head-up or sitting posi-
tion is more effective and  significantly extends 
the tolerance to apnea in obese patients when 
compared  with the supine position. Placing 
the patient in the ”ramped” position, with the 
head , neck, upper body, and  shou lders ele-
vated  with folded towels or blankets, raises the 
chest to a point where an imaginary horizontal 
line can be d rawn from the sternal notch to the 
external ear to better improve laryngoscopy 
and  intubation, not to improve the effective-
ness of preoxygenation. (5:312)

398.  (E) Rhabdomyolysis has been documented  in 
m orbid ly obese patients und ergoing p ro-
longed procedures; the main risk factor is pro-
longed  d u ration of su rgery. Elevations in 
serum creatinine and  CPK levels unexplained  
by other reasons and  complaints of buttock, 
hip , or shou lder pain in the postoperative 
period  should  raise the suspicion of rhabdo-
myolysis. Measurement of serum CPK pre- 
and  postoperatively aids in early d iagnosis 
and  treatment. Early and  aggressive volume 
rep lacement is mandatory in patients w ith 
rhabdomyolysis; alkaline fluids may be benefi-
cial in preventing tubu lar necrosis and  cast 
formation (5:310, 2306)

Answers  and Explana tions

399.  (C) The Child -Pugh classification has been 
used  to assess p rognosis in  cirrhosis and  
to provide standard  criteria for listing liver 
transp lantation. Scoring is based  upon the 
objective criteria of serum bilirubin, serum 
albumin, and  prothrombin time as expressed  
by INR, as well as upon subjective criteria of 
degree of ascites and  severity of encephalopa-
thy. This system for assessing the need  for liver 
transplantation has been replaced by the model 
for end-stage liver d isease (MELD). The score 
is calcu lated  using three objective variables 
only: serum  bilirubin , p rothrom bin tim e 
expressed as INR, and serum creatinine. MELD 
scores of < 10, 10-14, and  > 14 roughly corre-
spond  to Child -Pugh classes A, B, and  C, 
respectively. (5: 186-8, 2526)

400.  (B) Patients w ho have undergone previous 
gastric bypass surgery may exhibit signs and  
symptoms of metabolic and  nutritional abnor-
malities related  to malabsorp tion. Common 
deficiencies include vitamin B12, iron, calcium, 
and  folic acid . A collective form of postopera-
tive polyneuropathy known as acute postgas-
tric reduction surgery (APGARS) neuropathy 
could  result. Patients with APGARS neuropa-
thy p resent w ith p rotracted  postoperative 
vomiting, hyporeflexia, and  muscular weak-
ness. Differential d iagnoses of this d isorder 
include thiamine deficiency (Wernicke enceph-
alopathy, beriberi), vitamin B12 deficiency, and  
Guillain-Barre syndrome. Vitamin A is required  
for normal vision, as well as iron utilization 
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and  humoral and  T-cell mediated  immunity. 
Deficiency due to malabsorp tion may cause 
n ight blind ness, as w ell as com prom ise 
immune defenses to infection. It does not, 
however, resu lt in neuropathy. (5:310, 600-1, 
2260)

401.  (C) Neck circumference has been identified  as 
the single biggest p red ictor of p roblematic 
intubation in morbid ly obese patients. A larger 
neck circumference is associated  with the male 
sex, higher Mallampati score, grade 3 views at 
laryngoscopy, and  obstructive sleep  apnea. 
Intubation d ifficu lty correlates better w ith 
increased  age, male sex, temporomandibular 
joint pathology, Mallampati classes 3 and  4, 
history of OSA, and abnormal upper teeth than 
with BMI. (5:311)

402.  (A) Propofol’s total clearance and  volume of 
d istribution at steady state correlate with total 
body weight; however, its negative card iovas-
cular effects combined  with the negative phys-
iologic effects of obesity on the card iovascular 
system suggest induction dosing should  be 
based  on lean body weight. Succinylcholine 
should  be dosed  on total body weight due to 
the larger extracellu lar flu id  compartment and  
linear increase in pseudocholinesterase activity 
seen in obese patients. Sufentanil and  mid-
azolam each have an increased  volume of d is-
tribution and  a prolonged  terminal half-life in 
obese patients, but an unaffected  plasma clear-
ance, so that induction doses should  be based  
upon total body weight. (5:308-10)

403.  (D) Arterial oxygenation during laparoscopy 
in morbid ly obese patients is affected  mainly 
by body weight and  not body position, pneu-
moperitoneum, or mode of ventilation, and  
oxygenation is not significantly improved  by 
increasing either the respiratory rate or tidal 
volume. PEEP is the only ventilatory parame-
ter that has consistently been shown to improve 
respiratory function in obese subjects, although 

it may decrease venous return, card iac output, 
and  subsequent oxygen delivery (5:314)

404.  (B) Fu nctional resid u al capacity w ill be 
decreased  to approximately 65% of the value 
seen in  a nonobese ind ivid u al. Resid ual 
volume, total lung capacity, forced  vital capac-
ity, and  the forced  expiratory volume in 1 sec 
are minimally decreased  in comparison with a 
nonobese ind ividual. (5:2093)

405.  (D) Postoperative hemorrhage can result in a 
rapid ly expanding hematoma that can directly 
compress the trachea leading to signs of airway 
compression. Chronic compression by a large 
goiter can lead  to tracheomalacia and  subse-
quent tracheal collapse. Unilateral recurrent 
laryngeal nerve inju ry can cause unilateral 
vocal cord  paralysis that manifests as hoarse-
ness, breathlessness, glottic incompetence, 
poor cough, and  aspiration. Bilateral recurrent 
laryngeal nerve injury produces bilateral vocal 
cord  paralysis that will lead  to airway obstruc-
tion and  stridor; signs and  symptoms, how-
ever, are noted  almost im m ed iately after 
extu bation . H yp ocalcem ia m ay d evelop 
acu tely secondary to inad vertent inju ry or 
removal of parathyroid  glands during surgery. 
The hallmark of hypocalcemia is neuromuscu-
lar irritability (muscle weakness, numbness, 
tingling). If severe, it may lead  to cause mental 
status changes, hypotension, and  laryngo-
spasm. (5:156, 520, 1121-2, 1246)

406.  (C) Graves d isease is marked  by suppression 
of TSH  and  elevated  concen trations of 
u nbou nd  T4. Thyroid  function  tests are 
reviewed  3-4 weeks after starting treatment 
with antithyroid  drugs, and the dose is titrated  
based  upon unbound  T4 concentrations. Most 
patients do not achieve a euthyroid  state until 
treated  for 6-8 w eeks. TSH  concentrations 
remain suppressed  for several months and  
therefore do not provide a sensitive index of 
treatment response. (5: 2925-6)
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407.  (B) Thyroid storm is an acute life-threatening 
form of hyperthyroid ism. Symptoms include 
nausea, vomiting, d iarrhea, agitation, confu-
sion, d iaphoresis, temperature greater than 
38.5°C, tachycardia out of proportion to tem-
perature, and arrhythmias. Multiple events may 
precipitate it, including acute illness (infection, 
CVA, trauma), surgery, and radioiodine treat-
ment of patients with partially or untreated  
hyperthyroidism. Initial management includes 
large doses of methimazole that block hormone 
synthesis and partially inhibit peripheral con-
version of T4 to T3; glucocorticoids that block 
conversion of T4 to T3 in the periphery and act 
as supportive therapy of possible adrenal insuf-
ficiency; β-adrenoceptor antagonists preferably 
propranolol (as it alone decreases conversion), 
to block cardiovascular effects; cholestyramine 
that binds thyroid  hormone in the gut and  
enhances GI clearance; supportive measures 
(antipyretics, cooling, volume repletion); and  
management of precipitating illness. Salicylates 
are contraind icated  as antipyretics as they 
decrease bind ing of thyroxine to thyroxine 
binding globulin, thereby aggravating the dis-
ease. (1:1135, 1147-51; 5:115, 1118, 2927; Connery 
LE, Coursin DB, Anesthesiol Clin North Amer 
2004; 22:526-8)

408.  (A) Reperfusion is the period of greatest hemo-
dynamic instability during liver transplanta-
tion. Release of preservative solution, clot, air, 
debris, and  acid emic blood  (released  from 
reperfused splanchnic circulation) into the pul-
monary vasculature may cause severe pulmo-
nary hypertension and  resu ltant right heart 
failure. The resultant increase in central venous 
p ressure (CVP) may open an occu lt patent 
foram en ovale, w ith  risk of p arad oxical 
embolus. Elevated  CVP may also compromise 
graft reperfusion and  contribute to early graft 
failu re. Pu lmonary hypertension and  right 
heart failure will resu lt in a decrease in sys-
temic pressure and  coronary perfusion pres-
sure due to inadequate left ventricular preload. 
Although pulmonary vascular resistance will 
often increase, systemic vascu lar resistance 

w ill d ecrease. (5:1075-6; Steadman, RH, 
Anesthesiol Clin North Amer 2004; 22:687-711)

409.  (C) Serum sod ium is often decreased  in these 
patients secondary to the formation of ascites, 
renal failure, and  the use of d iuretics. Baseline 
potassium concentrations may vary, depend-
ing upon the use of potassium-sparing or 
potassium-wasting d iuretics to control ascites, 
as well as patient’s underlying renal function. 
Despite that, hyperkalemia is common intra-
operatively due to the nature of the procedure 
itself. Splanchnic ischemia, the transfusion of 
large volumes of blood  products, metabolic 
acidosis due to hypotension from depletion of 
circulating volume, and  the preservative solu-
tion that is rich in potassium, all contribute to 
a significant rise in serum potassium. Serum 
ionized calcium tends to decrease due to vigor-
ous administration of citrated  blood products. 
Citrate is a chelating agent that binds to cal-
cium. Hypoglycemia may be seen when the 
liver, the primary site of gluconeogenesis, is 
removed  during the anhepatic phase, particu-
larly when the phase is prolonged. Exogenous 
sources of glucose tend  to mitigate this possi-
bility, however. Dextrose containing IV flu ids 
(drug-carrier infusions), as well as the use of 
methylprednisolone, often result in hypergly-
cemia. (1:853, 5:1073-5)

410.  (D) Cisatracurium, rocuronium, and vecuronium 
do not depend on the kidney for elimination, 
have minimal hemodynamic effect, and  have 
been used  successfully in patients with mar-
ginal or no renal function. Because cisatracu-
rium is metabolized  in the plasma by Michael 
elim ination , (often  erroneou sly term ed  
Hofmann elimination), its duration of action is 
not prolonged  in renal failure. Although the 
liver is the p rim ary m etabolic site for 
rocuronium and  vecuronium, the duration of 
blockade may be prolonged with these d rugs 
if large doses are used , due to accumulation of 
metabolites that are excreted  by the kidney. 
Pancuronium should  not be used  in kidney 
transplant recipients because it depends pri-
marily on the kidney for elimination, causing 
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a prolonged  neuromuscu lar block. Neither 
desflu rane nor isoflu rane have nephrotoxic 
properties. N 2O may also be used , as it has 
minimal side effects, no renal toxicity, and  
rapid  elimination. Sevoflurane is rarely used  
for renal transplantation due to concerns of 
fluoride and  compound A toxicity. Although 
most human stud ies have not demonstrated  
d eleteriou s effects of sevoflu rane on the 
kidney, it has been deemed preferable to use 
one of the known safe alternatives. The phar-
macokinetics and  pharmacodynamics of fen-
tanyl, sufentanil, alfentanil, and  remifentanil 
are not significantly altered  by kidney d isease, 
and  have been successfully used  during renal 
transplantation (1:543-7; 5:1098)

411.  (C) The most prevalent gastrointestinal d isease 
complicating card iovascular surgery is isch-
emic colitis; the incidence in patients requiring 
emergent aortic repair triples from that of elec-
tive aortic repair, about 5-9%. Mesenteric isch-
emia is typically seen in patients over 70 years 
old . It is categorized  accord ing to etiology: 
non-occlusive mesenteric ischemia, arterio-
occlusive mesenteric ischemia, or mesenteric 
venous thrombosis. Non-occlusive ischemia is 
d ue to mesenteric arteriolar vasospasm in 
response to a severe physiologic stress such as 
dehydration or hypotension. The hallmark of 
mesenteric ischemia is severe acute, nonremit-
ting abdominal pain completely out of propor-
tion  to p hysical find ings, u n like other 
intrabdominal pathologies that often provides 
signs and symptoms including abdominal d is-
tention and/ or peritoneal signs. (5:288, 2510-1)

412.  (D) Management of patients with presumed 
mesenteric ischemia includes flu id  resuscita-
tion to counteract flu id  sequestration within 
bowel wall, optimization of oxygen delivery, 
broad-spectrum antibiotics, and  support of 
card iac ou tp u t w ith  inotrop ic agen ts. 
Vasoconstrictors should  be avoided; instead , 
dobutamine, a pure β -adrenoceptor agonist, is 
the preferred  agent. (5:2512)

413.  (D ) Irrigation flu id s w ith glycine are often 
used  in TURP. The amino acid  is an inhibitory 

neurotransmitter in the cortex and  retina, and  
is most probably the causative agent of postop-
erative blindness and  seizures in some TURP 
patients. Patients exhibit pupillary reflexes that 
are often sluggish or absent, unlike cortical 
blindness, in which reflexes are maintained . 
This suggests that the mechanism of blindness 
in these patients is d irect inhibition of retinal 
potential transmission. Blindness resolves with 
decreasing blood  concentrations of glycine. 
Blindness is bilateral, as opposed  to TIA, in 
which visual d isturbances are most commonly 
unilateral. Elevated  concentrations of ammo-
nia, a byproduct of glycine metabolism, cause 
symptoms of lethargy, muscle weakness, and  
encephalopathy. The absorption of sorbitol can 
resu lt in the development of hyperglycemia 
and  lactic acidosis related  to the metabolism of 
sorbitol (5:895, 1140, 2526)

414.  (A) Succinylcholine depolarizes muscle cells, 
causing an efflux of K+  through acetylcholine 
receptors. It will cause a transient rise in [K+ ]
in  norm al ind ivid uals of 0.3-0.5 m Eq/ L. 
Succinylcholine may cause exaggerated  hyper-
kalemic response in patients with conditions of 
muscle membrane degeneration (e.g., trauma, 
burns, p rimary muscle d isorders) or neural 
denervation (e.g., stroke, multip le sclerosis, 
Guillain-Barre syndrome, spinal cord  injuries). 
Patients with renal failure may have a higher 
baseline serum [K+ ] due to impaired  potas-
sium excretion, but the rise in [K+ ] is no d iffer-
ent. (5:273, 501, 517)

415.  (D) Causes of coagulopathy in patients with 
advanced  liver d isease include: (1) Vitamin 
K deficiency; (2) impaired synthesis of coagula-
tion factors synthesized in liver (all factors except 
von Willebrand Factor VIII); and (3) splenic 
sequestration of platelets secondary to hyper-
splenism. These patients may also have decreased  
synthesis of coagulation inhibitors, and may not 
be able to clear activated coagulation factors or 
fibrin split products. Coagulopathy may there-
fore be treated with a combination of vitamin K, 
FFP, cryoprecipitate, and platelets. (5:193-4, 215)
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416.  (A) Patients with end-stage liver d isease have 
multip le hemodynamic changes, includ ing 
decreased  SVR, increased  card iac output, and  
decreased  β -adrenoceptor function with resul-
tant decrease in response to catecholamines. 
Patients w ith severe liver d isease have an 
increased  volume of d istribution secondary to 
an expanded extracellu lar volume space. As a 
result, clearances of morphine and  alfentanil 
are reduced  in cirrhosis, whereas fentanyl and  
sufentanil are not greatly affected . Because cir-
rhosis of the liver marked ly decreases total 
hepatic blood  flow as a result of fibrosis at the 
portal triad , patients w ith cirrhosis can be 
expected to have increased sensitivity to highly 
extracted  drugs. Hepatic blood  flow decreases 
during regional and  general anesthesia sec-
ondary to d irect and  ind irect effects of anes-
thetic agents, ventilatory mode, and  type of 
procedure. Protein bind ing is decreased  sec-
ondary to a decrease in albumin that increases 
the unbound fraction of ionized  d rugs. (1:24;
5:186, 720, 1051)

417.  (E) Shock waves have the potential to trigger 
ventricu lar arrhythmias when they coincide 
with the repolarization period  of the card iac 
cycle. For this reason, ECG synchronization 
and  shock delivery should  be during the ven-
tricular refractory period , 20 msec after the R 
wave. Shock waves from either gated  (syn-
chronized ) or u ngated  (u nsynchronized ) 
ESWL may inhibit or reprogram card iac pace-
makers. Synchronization, or lack thereof, has 
no correlation w ith intensity of w ave, or 
amount of analgesia required . (5:1141-2)

418.  (C) The Dornier HM3 lithotrip tor is an older 
electrohydraulic unit, requiring a water bath 
and  generating high intensity waves requiring 
deeper analgesia. Immersion in a water bath 
initially resu lts in transient vasod ilation and  
hypotension, followed  by rise in arterial blood  
pressure as venous blood  red istribu tes cen-
trally from the hydrostatic pressure of water 
on the lower extremities and abdomen. As SVR 
rises, card iac ou tpu t may d ecrease due to 
hydrostatic pressure on the lower extremities 
and  the abdomen. The increase in venous 
retu rn may shift blood  to the intrathoracic 

vessels, precipitating congestive heart failure 
in susceptible individuals. FRC is decreased by 
30-60%, predisposing some patients to hypox-
emia. Water bath immersion has no d irect 
effect on heart rate. (5:1141-2)

419.  (C) During resection of the prostate, venous 
sinuses are opened, and large amounts of irriga-
tion fluid  can be absorbed  into the systemic 
circu lation, causing TURP synd rome. The 
syndrome has multiple manifestations charac-
terized  by flu id  overload , hypoosmolality, 
hyponatremia, and  neurologic d isturbances, 
with onset as early as 15 min into the procedure. 
Symptoms may include nausea, confusion, 
hypertension, reflex bradycardia from volume 
overload, ECG changes from myocardial isch-
emia, desaturation, seizure, visual changes, and  
coma. When TURP syndrome is suspected, the 
procedure should be stopped; serum sodium, 
potassium, and osmolality should be measured, 
as should  hemoglobin, as a measure of flu id  
absorp tion. Presumed  pu lmonary ed ema 
should be treated with diuresis. Hyponatremia 
does not need to be treated aggressively when 
it is not accompanied by hypoosmolality, or in 
the absence of neurologic symptoms. (5:1139-41)

420.  (B) Rapid  correction of hyponatremia may trig-
ger demyelination of pontine or extrapontine 
neurons, lead ing to neurologic dysfunction 
that may include quadriplegia, pseudobulbar 
palsy, seizures, coma, and  even death. For this 
reason, serum sodium is increased  slowly, and  
hypertonic saline should  be used  only in the 
p resence of life-threatening manifestations 
such as coma and  seizures. Otherwise, sodium 
concentrations can be increased by administra-
tion of normal saline in combination with a 
loop d iuretic or mannitol. Sodium correction 
should  never exceed  1-1.5 mEq/ L/ h.

Na+  deficit =  TBW × (desired  [Na+ ] −  cu r-
rent [N a+ ]). Total-body water of infants 
younger than 1 year of age is 75-80% of body 
weight, whereas that of adult males is 60% 
and that of females is 55%. Deficit =  100 × 0.6 ×
(130− 119) =  60 ×  11 =  660 mEq. It is common 
to correct only half the sod ium deficit. (1:31;
5:515, 1139-41)
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421.  (E) Differential d iagnosis of hypotension 
d u ring a laparoscop ic p roced ure includ es 
carbon d ioxide embolus, hemorrhage, com-
pression of the vena cava from increased  
intraabdominal pressure, and  pneumothorax. 
Relatively small CO2 emboli are not uncom-
mon and  have been detected  by TEE, while 
massive CO2 embolus is a rare and catastrophic 
event. Hemorrhage would  not increase PIP, 
while compression of the vena cava would  be 
more likely during active insufflation of the 
abdomen with development of a significant 
pneumoperitoneum. Over time, how ever, a 
pneumothorax may develop, with associated  
hypoxemia, hypotension, and  elevated  airway 
pressu res. The incidence of extraperitoneal 
insufflation of CO2 has been reported  to range 
from as little as 0.4%-2% to 20%-64%, and  is 
more likely during lengthy procedures or pro-
cedures on the lower esophagus. (5:1041-2)

422.  (D ) When a pneum othorax is su spected , 
aggressive investigation (auscultation, chest 
rad iograph) and  management (e.g., chest tube 
for tension pneumothorax or conversion to an 
op en  p roced u re) shou ld  be u nd ertaken . 
(5:1041-2)

423.  (C) If the laser beam penetrates the endotra-
cheal tube, the oxygen rich environment within 
the tube can cause an intense flame. Utilizing 
a tubeless technique (spontaneous ventilation, 
apneic oxygenation, or jet ventilation) w ill 
d iminish the risk by decreasing the concen-
trated  oxygen rich environment while remov-
ing a potentially flammable object from the 
airway. Combustion of PVC yields hydrogen 
chloride gas that is acid ic, highly toxic, and  
irritating. Although an endotracheal tube may 
be wrapped  with metallic tape to decrease the 
likelihood that it will catch fire, there is no way 
to wrap the tube cuff with metallic tape. Filling 
the cuff with tinted  saline will alert one to a 
cuff rupture, but will not prevent fire. Nitrous 
oxide will support combustion. (5:1236-9)

424.  (C) α-adrenoceptor blockade dose is increased  
every 3-4 d  until either no symptoms of 

catecholamine excess are evident or the patient 
complains of side effects from postural hypo-
tension and / or a stu ffy nose, w ith a final 
dosage range of 40 to 100 mg/ d. β-adrenoceptor 
agonists are ad ministered  for a persistent 
tachycard ia and  for control of other peripheral 
β -adrenergic effects of catecholamine excess. 
These d rugs shou ld  never be given before 
α -ad renocep tor blockad e becau se seriou s 
hypertensive sequelae may resu lt. Adequate 
volume expansion after institu tion of the drug 
may take as long as 2 to 3 weeks. Thus patients 
p resenting for su rgery w ho have been on 
phenoxybenzamine for a shorter time period  
should  have hypovolemia corrected  preopera-
tively. (5:158, 1124)

425.  (D) The main component of cement is methyl-
methacrylate (MMA) that has been linked  to a 
clinical scenario consisting of hypotension, 
bronchoconstriction, hypoxia, card iac arrest, 
and  sudden death. It was at one time believed  
to be due to a hypersensitivity reaction to the 
MMA, resu lting in acute vasod ilatation and  
card iac collapse. However, plasma concentra-
tions in vivo during use of MMA have been 
found  to be 10-20-fold  below the concentra-
tions required  to cause clinically significant 
vasod ilatation and  hypotension. The actual 
cause is increased  intramedullary canal pres-
sure with resultant embolization of fat parti-
cles and  debris into the medu llary venous 
plexus during long bone manipulation, ream-
ing, and  cementing. Intramedullary pressure 
peaks are as high as 680 mm Hg in humans 
with cement use, compared to peaks below 100 
mm Hg with the use of non-cemented implants. 
Clinical signs are similar to those found  in PE 
or fat embolism: fever, tachycard ia, hypoten-
sion , hypoxem ia, and , in  sp ontaneou sly 
breathing patients, dyspnea, and  tachypnea. 
Other signs of fat emboli also may be seen on 
ECG, includ ing right-axis deviation or right 
bundle branch block, reflecting increased  pul-
monary artery pressure and  intrapulmonary 
shunt, potentially leading to right ventricular 
failure and  card iac arrest. (5:1204)
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426.  (B) In choosing the anesthetic technique for 
cases that may be associated  with compart-
ment synd rome, the anesthesiologist must 
avoid  any postoperative technique, such as 
ep id urals or peripheral nerve blocks that 
w ould  delay d iagnosis of the syndrome. If 
these techniques must be used  in the setting of 
potential compartment syndrome, consider-
ation should  be given to continuously monitor-
ing com partment p ressu res. The effect of 
techniques such as spinals and  epidurals that 
cause sympathectomy (thus vasod ilatation) is 
unclear. The increased  blood  flow to compart-
ments may cause a further increase in com -
partment pressures. (1:576-7, 579-80; 5:1205)

427.  (A) The complications of tourniquet use are 
m any. Inflation of the tou rniquet causes 
increases in preload  and  afterload ; deflation 
causes decreases in p reload  and  afterload ; 
reperfusion causes a decrease in core tempera-
ture of up to 1°C, an increases in O2 consump-
tion, and  increases in the partial pressure of 
CO2 with resultant increase in cerebral blood 
flow, as well as metabolic and  respiratory aci-
dosis. Limb ischemia can cause ischemic capil-
laries lead ing to d iffuse capillary leak upon 
reperfusion; tissue pressure leads to p latelet 
aggregation and  capillary obstruction, lead ing 
to release of inflammatory med iators that 
cause microvascular thrombosis. Tissue acido-
sis causes release of tissue plasminogen activa-
tor, causing a brief period  of fibrinolysis. 
Pressure from the tourniquet can cause sig-
nificant nerve injury, especially in the upper 
extremity. Rad ial nerve palsy is the most 
common nerve injury. (5:1202-3)

428.  (E) Such patients have p rofound  peripheral 
vasoconstriction induced by the thermoregula-
tory responses in an effort to conserve heat. 
The activation of arteriovenous shunts in the 
periphery decreases the effectiveness of apply-
ing heat to the extremities and  the surface of 
the body in warming the patient. Cold-induced  
hypertension is accompanied  by an increase in 
circulating catecholamines that augment car-
diac irritability and lead  to ventricular arrhyth-
mias. Platelet function is impaired in even mild  
d egrees of p er iop erative hyp otherm ia, 

potentially related  to a defect in the release of 
thromboxane A2. Some impairment of clotting 
factor function is also noted . (5:1505-7, 1510)

429.  (E) Repair of an open globe is a surgical proce-
d u re that is not consid ered  amenable to 
regional anesthesia. The goals of general anes-
thesia for ophthalmic surgery include a smooth 
induction with a stable intraocular pressure, 
avoidance or treatment of the ocu locard iac 
reflex, maintenance of a motionless field , a 
smooth emergence, and  avoidance of postop-
erative nausea and  vomiting. This can be 
accomplished  in part by reducing the need  for 
opioid  analgesia through the use of a bulbar 
block in conjunction with general anesthesia. 
Efforts to quickly obtain good  intubating con-
d itions and prevention of coughing and strain-
ing are important for reducing the risk of 
extrusion of eye contents, thereby making 
aw ake fiberop tic intubation a subop tim al 
choice. Protection of the airway, especially in a 
patient with a full stomach, limits the use of an 
LMA. (5:1222)

430.  (D) Although historic concerns exist about the 
safety of succinylcholine in the presence of an 
open globe, several retrospective studies show 
no link. Although succinylcholine does pro-
duce a temporary increase (7-10 min) in intra-
ocular pressure (6-12 mm Hg), it is far less than 
that produced  by coughing, straining (40 mm 
Hg), or d irect pressure on the eye. Efforts to 
quickly obtain good intubating conditions and  
prevent coughing and straining are much more 
important for reducing the risk of extrusion of 
eye contents than the avoidance of succinyl-
choline. If the intubation is judged  to be d iffi-
cult but the eye is viable, succinylcholine (after 
pretreatment with a small dose of a nondepo-
larizing muscle relaxant,) is an appropriate 
option. If the patient is likely to be an easy 
intubation, a short- to intermediate-acting non-
depolarizing agent, administered  in greater-
than-normal doses, such as 1 to 1.2 mg/ kg of 
rocuronium, has proven effective. The use of 
propofol has been shown to improve intubat-
ing conditions if rocuronium is used . IV lido-
caine and  opioids may also reduce the risk of 
straining and  coughing. (5:122-3)
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431.  (D) Anesthesiologists should  obtain informed 
refusal when patients refuse recommendations 
or request a relevantly suboptimal technique. 
The concept underlying informed  refusal is 
that these patients need  to be more extensively 
informed about risks, benefits, and alternatives 
w hen they d esire inad visable techniques. 
Anesthesiologists are not ethically obligated  to 
provide care for these patients in nonemergent 
situations, although they may wish to assist in 
find ing a willing colleague. (5:46)

432.  (B) Every PACU should  have definite guide-
lines for d ischarge criteria that should  account 
for the preoperative status of the patient and  
the exp ected  p ostop erative m orbid ity. 
Generalized  guidelines for PACU d ischarge 
include baseline mental status, stable vital 
signs w ithin acceptable limits, and  achieve-
ment of certain criteria, possibly through a 
clinical scoring system . Current p ractice, 
endorsed  by the ASA, does not require delay 
of d ischarge until voiding; the patient’s risk for 
failu re to void  m ust be assessed  instead . 
Patients at high risk for urinary retention sec-
ondary to neuraxial blockade, colorectal or 
genitourinary surgery, or medical history, may 
be kept until void ing, or if bladder catheteriza-
tion is necessary. (5:1253-4, 1256)

433.  (A) N itrous oxide is a very insoluble gas in 
blood, but is 117 times more soluble than sulfur 
hexafluoride. N 2O enters the intraocular gas 
bubble more rapid ly that SF6 can exit. If N 2O
administration continues after injection of SF6
gas into the vitreal cavity, the bubble can 
expand up to three times its volume, increas-
ing intraocular pressure. If N 2O is then d iscon-
tinued , the IOP can d rop  qu ickly, thereby 
causing re-detachment of the retina. Therefore 
N 2O should  be d iscontinued  at least 20 min 
before the injection of gas. (5:1223)

434.  (C) Abdominal compartment syndrome often 
causes decreased  card iac output and  increases 
in both PCWP and  CVP. These changes are 
nonspecific and  may be due to other causes. 
In traabd om inal p ressu re is m onitored  by 
instilling 50 mL of saline into the bladder, then 
measuring the pressure. Pressures >20 mm Hg 
in combination with organ failure are consis-
tent with a d iagnosis of abdominal compart-
ment syndrome, although pressures as low as 
12 mm Hg have been associated  with systemic 
inflammatory response syndrome and  multi-
organ failure. Although increasing abdominal 
d istension is also often present, serial measure-
ments of abdominal girth do not provide an 
indication of intraabdominal pressure. (5:1363)

435.  (D) The patient with obstructive sleep apnea is 
at increased risk for opioid-induced apnea. The 
ability to manage the patient’s pain without 
opioids may permit the patient to have safe 
ambulatory su rgery. A perioperative nerve 
block d oes not necessarily increase safety 
because the patient might requ ire op ioid s 
when the block regresses. A short surgical time 
does not necessarily minimize postoperative 
pain. CPAP may prevent obstruction-related  
apneic ep isodes, bu t it does not necessarily 
affect the magnitude of opioid-induced  venti-
latory depression in these patients. (5:710, 
1257-8)

436.  (B) Topical administration of an anticholiner-
gic like atropine into the eye can raise intra-
ocu lar p ressu re (IOP) in  a patient w ith 
glaucoma, particularly dangerous in those per-
sons pred isposed  to the relatively rare narrow-
angle glaucoma. Systemic administration of 
atropine to these patients may precip itate a 
first attack in unrecognized  cases. It does not, 
however, result in intraocular concentrations 
of atropine adequate to cause mydriasis in a 
patient with open-angled  glaucoma, particu-
larly when treated  appropriately. (1:228-9)
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437.  (D) The d iagnosis of CO poisoning is made by 
measuring the carboxyhemoglobin concentra-
tion in arterial blood , expressed  as a percent-
age saturation of hemoglobin. Pulse oximetry 
cannot d istinguish between these two forms of 
hemoglobin as the absorbance spectrum of 
both are similar, lead ing to normal oximetry 
readings in the presence of very high amounts 
of carboxyhemoglobin in blood . The PaO2 in an 
arterial blood gas sample measures the amount 
of oxygen d issolved  in blood  and  does not 
ind icate the quantity of oxygen bound  to 
hemoglobin (saturation), lead ing to a normal 
PaO2 even with high concentrations of carboxy-
hemoglobin. The oxygen saturation is a calcu-
lated  value only. (5:1336-7)

438.  (C) Vital capacity is significantly and  progres-
sively compromised  by increases in thoracic 
rigid ity and  loss of ventilatory muscle power. 
Loss of lung elastic recoil is the primary ana-
tomic mechanism by which aging degrades the 
efficiency of pulmonary gas exchange. Because 
the changes in elasticity are nonuniform, they 
disrupt the normal matching of ventilation and  
perfusion within the lungs, increasing both 
shunting and  physiologic dead  space. Small 
airway patency, normally maintained  by elas-
tic recoil, is compromised, and closing capacity 
increases. Resid ual lung volume increases 
because intrinsic lung elastic recoil is progres-
sively reduced . (5:277-82)

439.  (A) Emergency treatment is aimed at quickly 
stabilizing the myocard ium by raising the 
action potential threshold  and  reducing excit-
ability without changing the resting membrane 
potential. This can be accomplished  by admin-
istering 0.5-1 g of calcium chloride. Although 
it protects the heart from the effects of elevated  
serum potassium, intravenous calcium has no 
effect on the serum potassium concentration. 
Hyperventilation, as well as the administration 
of sodium bicarbonate, nebulized  albuterol, or 
insu lin and  glucose in combination, w ill all 
aid  in decreasing the serum potassium concen-
tration by d riving potassium ion intracellu-
larly. Increasing the availability of insu lin 
enhances the activity of the N a,K-ATPase 
pump in skeletal muscle, as does the use of 

β 2-adrenoceptor agonists. Raising the systemic 
pH with sodium bicarbonate results in hydro-
gen ion release from cells that is accompanied  
by potassium ion movement into cells. The 
potassium-lowering action of sod ium bicar-
bonate is most p rominent in patients w ith 
metabolic acidosis. (5:518, 6:357-9)

440.  (D) Coagulation d isturbances are common in 
patients with chronic liver d isease. The pri-
mary reasons include a decreased  production 
of coagulation factors produced in the liver (all 
except factor VIII); and  a congestive spleno-
m egaly, or hypersp lenism , resu lting from 
portal hypertension. Thrombocytopenia is due 
to sp lenic sequestration of p latelets that can 
result in p latelet concentration of 70,000/ mm 3

or less. The development of DIC, a reduction 
in fibrinogen, and  dysfibrinogenemia second-
ary to impaired  fibrin polymerization, are all 
commonly seen in  ad vanced  liver d isease. 
(5:193; 6:980-1)

441.  (D) Regional anesthesia may offer significant 
advantages in patients with Parkinson d isease 
by allowing an earlier retu rn to oral intake, 
eliminating the use of neuromuscular blocking 
d rugs and  the risks of general anesthesia. 
Butyrophenones such as droperidol can lower 
the seizure threshold  and  cause extrapyrami-
dal symptoms. Withdrawal of Parkinson d is-
ease medications in the perioperative period  
can cause significant worsening of their respi-
ratory symptoms caused by upper airway dys-
function due to d isease involvement of the 
intrinsic laryngeal muscles. Morphine has been 
reported  to reduce dyskinesia at low doses but 
to induce akinesia at greater doses. (5:701, 876; 
Nicholson G, et al., Br J Anaesth 2002; 89: 904-16)

442.  (B) Transfusion-related  acu te lung in ju ry 
(TRALI) is the lead ing cause of transfusion-
related  mortality. Estimated  TRALI incidence 
is once for every 3,000 to 70,000 plasma-rich 
components transfused  and  1 per 50,000 units 
of low plasma volume components transfused. 
Human error accounts for the second highest 
incid ence of ad verse transfu sion  effects, 
w hereas the transfu sion-associated  viral 
infectious risk is qu ite low, w ith the risk of 
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hepatitis C being 1:1,935,000 and  that of the 
hu m an  im m u nod eficiency viru s being 
1:2,135,000. Anaphylaxis and  hemolytic trans-
fusion reactions are both potentially fatal com-
plications. (5:149, 203-4)

443.  (A) Etomidate inhibits the enzyme responsible 
for performing the 11β -hydroxylation reaction 
in cortisol synthesis. A single induction dose of 
0.3 mg/ kg inhibits cortisol synthesis and  the 
normal response to ad renocorticotropic hor-
mone for up to 12 h. Because of the long dura-
tion of ad renal suppression associated  with 
etomidate infusions, continuous administra-
tion has not been as extensively stud ied . There 
remains conflict about the issue of the reduc-
tion of cortisol after induction doses of etomi-
date, but it has been shown that infusions of 
several days’ duration in ventilated  intensive 
care u nit patien ts w ere associated  w ith 
increased  mortality. Given that the duration of 
suppression of cortisol synthesis by etomidate 
is dependent on the cumulative dose, use of 
the agent in repeated  procedural sedation in a 
critically ill patient is of concern. (5:687, 696-7)

444.  (D) Hepatopulmonary syndrome is defined by 
the presence of hepatic dysfunction or portal 
hypertension, an elevated  alveolar-arterial 
oxygen gradient, and intrapulmonary vasodila-
tation. Unlike portopulmonary hypertension, 
which is associated with pulmonary vascular 
vasoconstriction, hepatopulmonary syndrome 
results from vasod ilatation and  pulmonary 
vascular remodeling. Patients may present with 
d igital clubbing, spider angiomata, arterial 
hypoxemia, and  dyspnea that worsens upon 
moving from a recumbent to an upright position 
(orthodeoxia and platypnea). Intrapulmonary 
vasodilation may reflect true anatomical shunt, 
physiologic shunt, and precapillary or capillary 
dilation, leading to alterations in oxygen diffu-
sion. Nitric oxide is elevated  in the exhaled  
breath of patients with hepatopulmonary syn-
drome. (5:194, 1051-5; 6:2601)

445.  (D) Decreasing lean tissue mass in the elderly 
reduces the capacity for body heat production, 
and  impairment of thermoregulatory vasocon-
striction p laces them at increased  risk for 

inad verten t in traop erative hyp otherm ia. 
Intraoperative core temperature decreases at a 
rate twice as great as that observed  in young 
adults under comparable conditions, and  the 
time needed  for spontaneous postoperative 
rewarming increases in d irect proportion to 
patient age. There exists an age-related increase 
in pharmacodynamic sensitivity to anesthetic 
agents, yet the cause remains unknown. With 
aging, relative minimum alveolar concentra-
tion values for the newer inhalational agents 
decline by approximately 30%. Decreases in the 
elderly brain neurotransmitter reserves are 
manifested  by an increased sensitivity to drugs 
that might precipitate extrapyramidal symp-
toms or anticholinergic syndrome, includ ing 
metoclopramide. Although the elderly have 
reduced  skeletal muscle mass, d isseminated  
neurogenic atrophy at the neuromuscular junc-
tion allows proliferation of extrajunctional cho-
linoreceptors. The median effective dose and  
steady-state plasma concentration required  for 
half-maximal neuromuscular blocking effect 
(median effective concentration) remain virtu-
ally unchanged , or may actually increase 
slightly, in the elderly patient. Onset of block-
ade may be delayed , and duration prolonged, 
however. Renal plasma flow, glomerular filtra-
tion rate (GFR), and  creatinine clearance all 
decline significantly. (1:1326, 5:279-83)

446.  (A) Inju ry to the recurrent laryngeal nerve 
(RLN) prevents abduction of the ipsilateral 
vocal cord  that becomes fixed  in a paramedian 
position because of the unopposed  action of 
the cricothyroid  muscle. It commonly results 
in hoarseness. Bilateral nerve inju ry cou ld  
resu lt in apposition of the vocal cords and  
inspiratory obstruction with associated  stridor 
and  aphonia. Laryngeal edema would  be seen 
with venous and  lymphatic obstruction sec-
ondary to a hematoma, not injury to the RLN. 
(5:1006, 1268, 1286)

447.  (E) N itroprusside is rap id ly metabolized  to 
cyanide and  thiocyanate, and  accumulation of 
these metabolites can lead  to cyanide or thio-
cyanate toxicity during prolonged  administra-
tion, especially in patients with renal failure. 
(5:1403)
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448.  (B) Anesthetic implications of untreated  hypo-
thyroid ism include an impaired  ventilatory 
response to both hypoxia and  hypercarbia. 
Atrial dysrhythmias, including atrial fibrilla-
tion, are seen in hyperthyroidism. Conventional 
anesthetic w isdom holds that thyroid  status 
does not alter the minimum alveolar concen-
tration. Data from animal stud ies using older 
volatile anesthetics supports that assumption, 
bu t there are no data relative to the newer 
potent inhalation agents. Similarly, conven-
tional w isd om hold s that hypothyroid ism 
increases the sensitivity to sedative, analgesic, 
and  anesthetic med ications, bu t evidence is 
limited  to older stud ies due to the lack of 
newer studies on current agents. Hypertension, 
particu larly d iastolic hypertension, is also 
commonly noted  in hypothyroid ism. (5:1117)

449.  (B) A d irect pharmacodynamic effect of hypo-
thermia is its impact on minimum alveolar 
concentration (MAC). There is an approxi-
mately 5% reduction in MAC per degree d rop 
in core body temperature. (5:1510, 1653)

450.  (B) Scopolam ine is a m uscarin ic recep tor 
antagonist with greater permeation across the 
blood  brain barrier. In therapeu tic doses it 
causes CNS depression manifested  as drowsi-
ness and amnesia. The amnestic effects of mid -
azolam (w hen given in the usual doses for 
premedication) are variable but usually short 
lived , and  they should  not be relied  on to pre-
ven t recall of in traop erative even ts. 
Dexmedetomid ine produces intense sedation, 
although it does not reliably produce amnesia, 
hypnosis, or general anesthesia. Neither dro-
peridol nor muscle relaxants produce amnesia. 
(1:227-30; 5:610, 698, 701, 1374)

451.  (C) The BIS is a proprietary algorithm (Aspect 
Medical Systems, Newton, MA) that generates 
a linear d imensionless number ranging from 0 
to 100 that decreases in proportion to increased  
anesthetic depth. Evidence shows that it may 
be effective at reducing the incidence of intra-
operative awareness when inhaled  anesthetics 
are used  to produce hypnosis. Confound ing 
factors, which can alter BIS, include electrical 
artifact from electrocautery devices, physio-

logic alterations such as hypoglycemia, low-
voltage EEG caused  by genetic variation or 
d ru gs, neu rologic abnorm alities su ch  as 
Alzheimer d isease, and EMG (muscle). Finally, 
the value of BIS monitoring has been validated  
only for p ropofol and  volatile anesthetics. 
When ketamine and  N 2O are present, the rela-
tionship  between BIS value and  percep tive 
awareness can be significantly altered  (5:610)

452.  (D) James T. Reason is often cited  for his con-
cep tual thinking about system failu re and  
human error. The process of accident evolution 
is w idely referred  to as the ”Sw iss cheese” 
model. The ”Swiss cheese” model illustrates 
that accidents are typically the result of a series 
of events that include precursors that trigger or 
allow the chain of events that result in the final 
(active) adverse event. Reason termed  these 
precursors latent errors. Latent errors have the 
potential for initiating or p ropagating an 
evolving accid ent. Examples are failu re to 
maintain equipment or replace obsolete equip-
ment, selection of low quality supply items, 
poor scheduling practices that promote haste 
or fatigue, and  case scheduling and  staffing 
models that allow assignment of relatively 
inexperienced  clinicians to unfamiliar cases or 
high-risk patients. Latent errors rarely lead  to 
an immediate accident, but are seen as a ”lurk-
ing enemy,” awaiting the circumstances that 
will combine to produce an unexpected  cata-
strophic ou tcome, often in  w ays that are 
unusual and  unpredictable. (5:18)

453.  (C) As defined  by the Joint Commission, a sen-
tinel event is ”an unexpected  occurrence 
involving death or serious physical or psycho-
logical injury, or the risk thereof. Serious injury 
specifically includes loss of limb or function.” 
JCAHO sentinel events that potentially involve 
anesthesia care include events that result in an 
unanticipated  death or major permanent loss 
of function and  are unrelated  to the natural 
course of the patient’s illness or underlying 
cond ition, su rgery on the wrong patient or 
body part regard less of magnitude of proce-
dure, unintended retention of a foreign body 
after surgery or other procedure, hemolytic 
transfusion reactions because of major blood  
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group  incompatibilities, and  unanticipated  
death of a fu ll-term infant. (5:352-2)

454.  (E) Although there are three forms of anthrax 
(gastrointestinal, cutaneous, and  inhalational), 
it is the inhalational form that is most likely to 
be the cause of death in a bioterrorist attack. 
The early symptoms include a viral prodrome 
with fever, fatigue, nausea and  vomiting, and  
shortness of breath. CXR reveals characteristic 
find ings of mediastinal widening and  pleural 
effusions, as well as infiltrates. Symptoms tend 
to appear within 4-6 d  of exposure. Patients are 
not contagious, and therefore do not need to be 
isolated . Therapy must be started  qu ickly, 
with penicillin, doxycycline, and  ciprofloxacin 
p roven to be effective. Patients w ith active 
d isease are often started  on the above agents, 
in combination w ith either clindamycin or 
rifampin. (6:1769-72)

455.  (C) Almost 50% of the U.S. population is sus-
ceptible to the smallpox virus, as immuniza-
tion p rograms were stopped  in the United  
States in 1972. Primary and secondary viremias 
occur within the first few days after exposure. 
Twelve to fourteen days after first exposure, 
patients develop high fever, vomiting, head-
ache, and  backache. A maculopapular rash 
forms, beginning on the face and  extremities 

and  extending to the trunk, with lesions in the 
same developmental stage within the same 
location. The lesions evolve into vesicles and  
pustu les. Because it is h ighly infectiou s, 
patients must be kept in strict isolation until 
the pustules resolve and become scabs. (6:1772, 
1774-5)

456.  (B) Although botu linum toxin is not a live 
microorganism, it is one of the most potent 
toxins ever described , with estimates that 1 g 
of toxin would  be enough to kill 1 million 
p eop le if ap p rop riately d isp ersed . Once 
absorbed  into the bloodstream, it binds to the 
neuronal cell membrane, enters the cell, and  
cleaves one of the proteins required  for intra-
cellu lar binding of the synaptic vesicle to the 
cell membrane, thus p reventing release of 
the  neurotransm itter to the ad jacent cell. 
Patients develop cranial nerve palsies followed 
by a d escend ing flaccid  paralysis. Most 
patients develop diplopia, dry mouth, dyspha-
gia and  dysarthria, and  extremity weakness. 
Recovery requires regeneration of new motor 
neuron synapses that may take w eeks to 
months. Treatment is mainly supportive, but if 
d iagnosed  early enough, administration of a 
heptavalent equ ine antitoxin may d iminish 
symptoms and decrease severity of the disease. 
(6:1776-8)
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CHAPTER 18

Critical Care  Medic ine
Ques tions

DIRECTIONS (Questions 457-530): Each of the 
numbered  items or incomplete statements in this 
section is followed by answers or by completions of 
the statement. Select the ONE lettered  answer or 
completion that is BEST in each case.

457. A previously healthy 18-year-old  male pres-
ents to the emergency department with three 
days of dyspnea and  facial swelling. He also 
reports a cough and hoarseness. His symptoms 
w orsen w ith lying d ow n. H is chest x-ray 
reveals a widened mediastinum. Which one of 
the following is the most likely d iagnosis?

(A)  Angioedema
(B)  Epiglottitis
(C)  Lymphoma
(D)  Pneumonia
(E)  Tracheomalacia

458. An 81-year-old  male has been in the hospital 
for treatment of a urinary tract infection and  
delirium. During the night he got out of bed  
unassisted  and  sustained  a fall. A subsequent 
evaluation revealed  a C3 vertebral fracture. He 
went to the operating room for repair of his 
fractu re. Postoperatively he was kep t intu -
bated  for concerns about airway edema. The 
plan is to reassess his ability to be extubated  in 
24 h. In the interim, he requires sedation for 
safety. His vital signs are T 37.1°C, HR 58, BP 
122/ 78, SpO2 100%. Which choice of sedative 
agent is most appropriate in this situation?

(A)  Dexmedetomid ine
(B)  Etomidate

(C)  Midazolam
(D)  Propofol

459. A 66-year-old  male is in the intensive care unit 
recovering from a ruptured  abdominal aortic 
aneurysm repair. His postoperative course has 
been complicated  by acute kidney injury and  
an  N STEMI. H e rem ains in tu bated  and  
mechanically ventilated . Four days into his 
course, his respiratory function worsens, and  
he is d iagnosed  w ith ventilator-associated  
pneumonia. Sputum culture grows Haemophilus 
influenza. Administration of which one of the 
following medications might have prevented  
this pneumonia?

(A)  Oral chlorhexid ine
(B)  Systemic clindamycin
(C)  Systemic dexamethasone
(D)  Systemic omeprazole

460. Which one of the following statements about 
organ donation after card iac death (DCD) is 
most accurate?

(A)  Requires declaration of brain death by a 
neurologist

(B)  Causes longer warm ischemic time than 
donation after brain death

(C)  Does not require patient/ family consent
(D)  Does not involve extubation of the 

patient
(E)  Cannot involve ICU physician in 

end-of-life care of the patient

331
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DIRECTIONS: Use the following figure to answer 
Question 461:

461. For the ventilatory mode depicted in the figure, 
which statement is correct?

(A)  The end  of inspiration is determined  by 
decrease to a set fraction of peak inspi-
ratory flow.

(B)  Minute ventilation is independent of 
patient effort.

(C)  Pressure is the dependent variable.
(D)  A bronchopleural fistula will not affect 

inspiratory time.
(E)  Mandatory and  spontaneous breaths are 

depicted .

DIRECTIONS: Use the following scenario to answer 
Questions 462-463: A 78-year-old  man is admitted  to 
the ICU following open repair of an abdominal aor-
tic aneurysm. He has a history of coronary artery 
d isease treated  with a drug-eluting stent four years 
ago. His medications include aspirin, metoprolol, 

pravastatin, and  lisinopril. A preoperative pharma-
cologic rad ionuclide myocard ial stress test revealed  
no evidence of perfusion defects. His vital signs on 
arrival to the ICU are T 36.2°C, HR 68, BP 100/ 60, 
RR 12, oxygen saturation 99% on facemask oxygen. 
Pain score is 3/ 10. One hour later, his heart rate falls to 
30 and blood pressure to 65/ 38; he is awake, alert, and  
has no complaints.

462. Which one of the following is the most appro-
priate first intervention?

(A)  Transvenous pacing
(B)  Endotracheal intubation
(C)  Cardiopulmonary resuscitation
(D)  Atropine

463. A few  minutes later, the blood  pressure is 
180/ 110. An electrocardiogram is obtained and  
is shown in the figure below:
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Appropriate interventions should  include

(A)  stat echocard iogram, dobutamine, blood 
transfusion

(B)  thrombolysis, pulmonary artery 
catheter, dobutamine

(C)  esmolol, nitroglycerin, transfer to 
card iac catheterization suite

(D)  stat CT angiogram, esmolol, card iac 
surgery consult

(E)  nitroprusside, intravenous heparin, 
transfer to card iac catheterization suite

DIRECTIONS: Use the following scenario to answer 
Questions 464-469: A 77-year-old  male is being 
treated for ascending cholangitis resulting in gram-
negative bacteremia. He is intubated , sedated , and  
mechanically ventilated . A pulmonary artery cath-
eter is placed  five hours after presentation to assist 
with management of his hemodynamics and  resus-
citation. His vital signs are T 38.7°C, HR 91, BP 
76/ 43 and SpO2 90%. CVP is 4 mm Hg. CO is 5 L/ min. 

His ABG is pH 7.29, PaCO2 37, PaO2 61. His hemoglobin 
is 9 g/ dL.

464. Which one of the following would  produce the 
greatest increase in oxygen delivery?

(A)  An increase in arterial oxygen saturation 
to 100%

(B)  An increase in heart rate to 110 beats/ min
(C)  An increase in hemoglobin to 10 g/ dL
(D)  An increase in stroke volume to 

80 mL/ beat

465. The cross sectional area of which one of the 
following is the primary determinant of sys-
temic vascular resistance (SVR)?

(A)  Arteries
(B)  Arterioles
(C)  Capillaries
(D)  Venules
(E)  Veins

V1

V3 V6

V2
V5

V1 V4
aVR

aVL

aVF

I

II

III
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466. Which one of the following correctly describes 
arter iolar  and  vascu lar sm ooth  m u scle 
receptors?

(A) α1- and  β 2-adrenoceptors mediate vaso-
constriction

(B) α1-adrenoceptors mediate vasoconstric-
tion while β 2-adrenoceptors mediate 
vasodilation

(C) α1-adrenoceptors mediate vasod ilation 
while β 2-adrenoceptors mediate 
vasoconstriction

(D) α1- and  β 2-adrenoceptors mediate 
vasodilation

467. This patient would  be expected  to have which 
one of the following?

(A)  Decreased angiotensin formation
(B)  Decreased renin release
(C)  Decreased vasopressin levels
(D)  Increased  aldosterone release
(E)  Increased  sod ium excretion

468. Which one of the following provides an index 
of total body tissue perfusion?

(A)  Cerebral oximetry
(B)  Central venous oxygen saturation
(C)  Mixed venous oxygen saturation
(D)  Pulse oximetry

469. This patient would  be expected  to have which 
one of the following metabolic abnormalities?

(A)  A decrease in hepatic lipogenesis
(B)  A decrease in serum glucose concen-

trations
(C)  A decrease in serum triglyceride concen-

trations
(D)  An increase in pancreatic insulin release
(E)  An increase in protein catabolism

470. A 47-year-old  male is being treated  for strepto-
coccal pneumonia in the ICU. He is intubated  
and sedated for respiratory failure, and has had  
persistent fevers and  an elevated  white blood  

count. Diagnostic thoracentesis for a parap -
neumonic effusion revealed  that the effusion 
was an empyema. As a result, he is scheduled  
to have a therapeutic thoracentesis in the inter-
ventional rad iology suite. The patient has been 
on volume control ventilation with the follow-
ing settings: TV 450, RR 20, PEEP 14, FIO2 0.6. 
Prior to transport to the interventional radiol-
ogy suite, you are called  to the bedside. The 
patient has had  worsening oxygenation with 
decreased oxygen saturation when he is turned  
or placed  flat. He has required  FIO2 1.0 several 
times in the last several hours. Chest x-ray 
shows increasing size of the pleural effusion. 
Which one of the following is the most appro-
priate therapy?

(A)  Arrange for open drainage of the 
effusion in the operating room

(B)  Arrange for percutaneous d rainage of 
the effusion at the bedside

(C)  Continue with the scheduled  procedure
(D)  Delay thoracentesis until the patient is 

more stable

471. A 52-year-old  male complains of nausea and  a 
headache at work. He subsequently has an 
acute decline in wakefulness. His coworkers 
bring him to the emergency department. On 
evaluation, he opens his eyes to painful stim-
uli, makes incomprehensible sounds and local-
izes to pain. Select the patient’s GCS from the 
list below.

(A)  6
(B)  7
(C)  8
(D)  9
(E)  10

472. A 47-year-old  female was admitted  to the ICU 
18 h ago w ith pancreatitis and  SIRS. She 
requ ired  intubation for increased  w ork of 
breathing and  large volume IV fluid  resuscita-
tion for hypovolemia. H er clinical p ictu re 
has worsened  over the last several hours. She 
has poor urine output, is hypotensive and  has 
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d ecreased  minu te ventilation d ue to high 
airway pressures. A chest x-ray shows mild  
bilateral pulmonary edema. Which one of the 
follow ing is the most likely cause of the 
patient’s symptoms?

(A)  Abdominal compartment syndrome
(B)  Card iomyopathy
(C)  Hypovolemia
(D)  Infection
(E)  Pulmonary embolism

473. A 23-year-old  female p resents to the labor 
triage unit with premature rupture of mem-
branes at 34 weeks and  6 days gestational age. 
She reports that her p regnancy has been 
uncomplicated  except for a DVT diagnosed  in 
her first trimester. She is currently taking pre-
natal vitamins and  enoxaparin (1 mg/ kg BID). 
Her vital signs are T 37.1°C, HR 71, BP 112/ 68, 
RR 22, SpO2 98%. A CBC, prothrombin time, 
partial thromboplastin time, and  comprehen-
sive metabolic panel done as part of her evalu-
ation are unremarkable except for a p latelet 
count of 57,000/ mm 3. Fetal heart tones are 
reassuring. What is the most likely cause of her 
laboratory abnormality?

(A)  Vitamin B12 deficiency
(B)  Disseminated  intravascular coagulation 

(DIC)
(C)  Heparin induced  thrombocytopenia 

(HIT)
(D)  HELLP syndrome
(E)  Placental abruption

DIRECTIONS: Use the following scenario to answer 
Questions 474-478: A 41-year-old  male motorcyclist 
is struck by a car. He is unconscious at the scene and  
intubated  en route. On arrival to the emergency 
department trauma bay, his systolic blood pressure 
is 60 mm Hg. Bilateral chest tubes are placed  with-
out an improvement in his hemodynamics. A chest 
x-ray, pelvic x-ray, long bone films and  a FAST exam 

are rapid ly obtained . The exams are positive for 
multip le left sided  rib fractu res, pu lmonary 
contusions, an open-book pelvic fracture, a left 
femur fracture, and  fluid  in the hepatorenal fossa. 
Transfusion of two units O-negative packed  red  
blood cells is initiated , and  the patient is brought 
emergently to the operating room. A laparotomy is 
performed and  the patient is found  to have profuse 
bleeding from a ruptured  liver as well as an expand-
ing retroperitoneal hematoma. Over the course of 
the surgery, the patient receives 25 units of PRBCs, 
15 units of FFP, and  4 single donor units of platelets. 
His current vital signs are T 35.7°C, BP 81/ 42, HR 
127, SpO2 95% on FIO2 0.7. Laboratory values are 
remarkable for Hb 8.9 g/ dL, platelets 103,000/ mm 3,
INR 1.7, fibrinogen 95 mg/ dL, ABG pH 7.23, PaCO2
43 mm Hg, PaO2 64 mm Hg, K 4.4 mEq/ L, creatinine 
1.6 mg/ dL, and ionized  calcium 0.81 mmol/ L. A 
TEE-probe is inserted . There is no pericard ial effu-
sion. Both ventricles appear well filled  with normal 
size, but the systolic function of both ventricles 
appears reduced.

474. Which one of the following is most likely to 
improve the patient’s hemodynamic picture?

(A)  Administration of bicarbonate
(B)  Administration of calcium
(C)  Increased  PEEP
(D)  Transfusion of packed  red  blood  cells
(E)  Warming the patient to > 36°C

475. The patient begins to bleed  from his IV line 
sites and  his nose. Which one of the following 
would  be most likely to improve the patient’s 
clotting ability?

(A)  Administration of cryoprecipitate
(B)  Administration of desmopressin
(C)  Administration of fresh frozen plasma
(D)  Administration of platelets
(E)  Warming the patient to 37°C
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476. The patient undergoes damage control lapa-
rotomy and  embolization of bleed ing pelvic 
vessels. He is brought to the ICU for further 
stabilization. Over the next 6 h, the patient’s 
vasopressor requ irement improves, and  his 
transfu sion  requ irem ent resolves. H e is 
weaned from 32 to 7 mcg/ min of norepineph-
rine. During that time frame, how ever, he 
develops oliguria. His laboratory data shows: 
Na 143 mEq/ L, K 5.9 mEq/ L, BUN 20 mg/ dL, 
Cr 1.8 mg/ dL, urine osmolality 332 mOsm/ L 
H 2O, urine sodium 43 mEq/ L, urine creatinine 
18 mg/ mL. Urinalysis is negative for leuko-
cytes or red  blood cells. What is the most likely 
cause of this patient’s oliguria?

(A)  Acute tubular necrosis
(B)  Glomerulonephritis
(C)  Interstitial nephritis
(D)  Prerenal azotemia
(E)  Urinary obstruction

477. There are peaked  T w aves on the ECG. 
Intravenous calcium is administered . What is 
the role of calcium in the treatment of hyper-
kalemia? Calcium

(A)  antagonizes gastrointestinal absorption 
of potassium

(B)  enhances renal excretion of potassium
(C)  facilitates red istribution of potassium 

into cells
(D)  increases card iac myocyte excitability
(E)  raises the card iac action potential 

threshold

478. Two days later the patient returns to the oper-
ating room for fixation of a tibial fractu re. 
During the procedure, he is found  to have 
compartment syndrome of his lower leg, and  
a fasciotomy is performed. Postoperatively his 
CPK is 9,562 IU/ L. Which of the following 
laboratory abnormalities are most likely?

(A)  Elevated  calcium, decreased  potassium, 
decreased  phosphorus

(B)  Elevated  calcium, increased  potassium, 
decreased  phosphorus

(C)  Decreased  calcium, decreased  
potassium, increased  phosphorus

(D)  Decreased calcium, increased potassium, 
increased  phosphorus

(E)  Decreased calcium, increased potassium, 
decreased  phosphorus

479. A 26-year-old  female presents to her oncolo-
gist’s office with worsening dyspnea and chest 
pain. She is on warfarin for a history of DVT 
d iagnosed  six months ago, and  she is being 
treated  for breast cancer with chemotherapy. 
She is otherwise healthy. Physical exam reveals 
T 37.1°C, HR 122, BP 80/ 40, and  peripheral 
edema. She is admitted  urgently to the hospi-
tal. Her INR is 3.2. ECG shows sinus tachycar-
d ia with low QRS voltage and  no ST changes. 
Which one of the following is most likely to 
lead  to a d iagnosis?

(A)  Card iac enzymes
(B)  Chest x-ray
(C) D-dimer
(D)  Echocard iography
(E)  Urinalysis

480. A 35-year-old , previously healthy female is 
brought to the emergency department after a 
seizure. She has no memory of the event. She 
currently has no complaints. Her vital signs are 
T 37°C, HR 82, BP 126/ 75, RR 17, SpO2 98%. 
Her neurologic examination is normal, includ-
ing a GCS of 15. Her optic d isks are sharp. Skin 
examination reveals a suspicious lesion on her 
right thigh. CBC and comprehensive metabolic 
panel (CMP) are unrem arkable. H ead  CT 
shows a frontal mass consistent with metasta-
sis. What is the most appropriate next step in 
management?

(A)  CSF d iversion
(B)  Dexamethasone
(C)  Intubation and  hyperventilation
(D)  Mannitol
(E)  Decompressive craniectomy

481. Which one of the following measures is recom-
mended  during central venous catheter inser-
tion, based on evidence supporting a reduction 
in the rate of central line-associated  blood  
stream infection?
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(A)  Sterile head  to toe d raping of patient, 
chlorhexid ine skin preparation, subcla-
vian site

(B)  Full barrier precautions, hand washing 
prior to line insertion, prophylactic anti-
biotic administration

(C)  Sterile head  to toe d raping of patient, 
sterile rewire of catheter every 7 d , hand 
washing prior to line insertion

(D)  Chlorhexid ine skin preparation, removal 
of unnecessary catheters, avoidance of 
internal jugular site

(E)  Hand  washing prior to line insertion, 
head  to abdomen draping of patient, 
removal of subclavian site catheters 
after 7 d

482. A 4-year-old  boy with history of premature 
birth, asthma, and developmental delay is hos-
pitalized  in the PICU with respiratory failure 
due to resp iratory syncytial virus (RSV). He 
has been intubated, sedated , and  mechanically 
ventilated  for 6 d . Vital signs are T 37.5°C, HR 
92, BP 80/ 40. CVP is 6 mm Hg. He is ventilated  
in assist control pressure control mode at the 
following settings: FIO2 0.7, PC 25 cm H 2O, 
PEEP 10, RR 30. On exam, he is unresponsive, 
has soft bilateral rales, and  his urine is dark. 
ABG shows pH 7.18, PaCO2 56 mm Hg, PaO2 65 
mm Hg. Laboratory values are Na 146 mEq/ L, 
K 5.4 mEq/ L, Cl 110 mEq/ L, BUN 28, Cr 1.9, 
CPK 6500 IU/ L. Chest rad iograph shows dif-
fuse lobar infiltrates and  low lung volumes. 
Which is the most appropriate next step  in 
management?

(A)  Transition from pressure control to pres-
sure support ventilation

(B)  Perform bedside echocard iogram
(C)  Initiate neuromuscular blockade
(D)  Discontinue propofol
(E)  Begin continuous venovenous hemo-

filtration

DIRECTIONS: Use the following scenario to answer 
Questions 483-486: A 59-year-old  man is admitted  to 
the ICU following a hepatic resection complicated  

by hemorrhage. Surgery was aborted , the abdomen 
packed  with laparotomy sponges, and  he was trans-
ported  intubated , sedated , and  pharmacologically 
paralyzed  to the ICU. Vital signs are T 34.5°C, HR 
127, BP 80/ 45, RR 20, SpO2 90% on FIO2 0.8. He is 
oliguric with cool extremities; abdominal exam is 
significant for increasing d istention. He is placed  on 
mechanical ventilation in the mode depicted  in the 
following figure:
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483. Following two hours of continuous resuscita-
tion with blood  products, which one of the fol-
lowing ventilatory alarms is most likely?

(A)  Increased  peak airway pressure over set 
limit

(B)  Apnea > 30 sec
(C)  Low minute ventilation
(D)  High tidal volume
(E)  Excessive inspiratory time

484. An arterial blood  gas d rawn on this patient 
shows pH 7.18, PaCO2 55 mm Hg, PaO2 60 mm 
Hg, base deficit 9. The patient’s d isorder is 
best described  as

(A)  respiratory acidosis
(B)  mixed respiratory acidosis and metabolic 

alkalosis
(C)  metabolic acidosis
(D)  mixed respiratory acidosis and metabolic 

acidosis

485. The figure below depicts the patient’s arterial 
waveform.

The following equation is derived  from the 
measurements depicted  in the figure:

Δ  − Δ
Δ  Δ

×
�
�

�
�

1  2
1 + 2

2

100%

The value determined  by the equation is:

(A)  stroke volume variation
(B)  pulse pressure variation
(C)  delta down
(D)  respiratory variation
(E)  systolic pressure variation

486. Based on the findings from the patient’s arterial 
waveform, the next management should be

(A)  inotrope administration
(B)  vasopressor administration
(C)  pericard iocentesis
(D)  pulmonary artery catheterization
(E)  flu id  administration

487. A 44-year-old female presents to the emergency 
department with one hour of severe headache 
and mental status changes. Initial CT scan shows 
subarachnoid hemorrhage (SAH) that is likely 
due to aneurysmal rupture. Her initial Fisher 
Grade is 2. She is intubated in the emergency 
department due to concerns that she is unable to 
effectively manage her secretions. A subsequent 
repeat head CT shows that she has progressed  
to Fisher Grade 3. Which one of the following is 
the most likely mechanism for this change?

(A)  Aneurysmal rebleeding
(B)  Elevated  intracranial pressure
(C)  Seizures
(D)  Vasospasm

488. Synchronized  intermittent mandatory ventila-
tion (SIMV) is associated  with which beneficial 
effect as compared  to controlled  ventilation?

(A)  Resting of the d iaphragm
(B)  Decreased  work of breathing
(C)  Improved V/ Q matching
(D)  Absence of patient-ventilator dyssyn-

chrony
(E)  Increased  mean intrathoracic pressure

489. A 41-year-old woman underwent resection of an 
acoustic neuroma under total intravenous anes-
thesia (TIVA). The surgical procedure was nota-
ble for 12-h duration with 500 mL blood loss. She 
is admitted to the ICU postoperatively, is extu-
bated, breathing comfortably, and is neurologi-
cally intact. Vital signs are normal. An ABG 
reveals pH 7.30, PaCO2 42 mm Hg, PaO2 150 mm 
Hg on supplemental oxygen, base deficit 4. A 
metabolic panel shows Na 143 mEq/ L, K 3 
mEq/ L, Cl 115 mEq/ L, HCO3 20 mEq/ L. Which 
one of the following is the most likely explana-
tion for the patient’s acid-base disturbance?
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(A)  Crystalloid  resuscitation flu id  adminis-
tered  during operation

(B)  Loop d iuretic administered  to reduce 
brain swelling

(C)  TIVA anesthetic agent
(D)  Hypovolemia due to underresuscitation
(E)  Nitroprusside treatment of intraopera-

tive hypertension

490. Compared  with norepinephrine in the treat-
ment of septic shock, dopamine

(A)  d iminishes mortality
(B)  d iminishes incidence of renal failure
(C)  has greater potency
(D)  causes more tachydysrhythmias

DIRECTIONS: Use the following scenario to answer 
Question 491: A 19-year-old  previously healthy man 
presents after crashing his moped into a stone wall. 
He was found without a helmet, ejected  from the 
moped with GCS 4 (E1V1M2). Vital signs are T 
35.8°C, HR 156, BP 79/ 45. He is being mask venti-
lated  at rate 12 breaths per minute; SpO2 99% with 
bag mask ventilation at FIO2 1.0. A noncontrast brain 
CT is obtained  with find ings depicted  below:

491. Following endotracheal intubation, which one 
of the following should be employed for imme-
d iate management of this patient?

(A)  Mechanical ventilation to PaCO2 26 mm 
Hg, 23.4% saline bolus, furosemide 
bolus, head  of bed  elevation to 
30 degrees

(B)  Mechanical ventilation to PaCO2 35 mm 
Hg, ventriculostomy, 23.4% saline bolus, 
phenylephrine infusion to MAP > 80 
mm Hg

(C)  Mechanical ventilation to PaCO2 18 mm 
Hg, Trendelenberg position, emergent 
neurosurgical decompression, volume 
resuscitation with 0.9% saline

(D)  Mechanical ventilation to PaCO2 35 mm 
Hg, methylprednisolone bolus, volume 
resuscitation with 0.9% saline, emergent 
neurosurgical decompression

(E)  Mechanical ventilation to PaCO2 35 mm 
Hg, mannitol bolus, volume resuscita-
tion with 5% albumin, emergent neuro-
surgical decompression

DIRECTIONS: Use the following scenario to answer 
Questions 492-494: A 74-year-old  male presents to the 
emergency department from his nursing home with 
new onset confusion. His vital signs are T 38.5°C, HR 
94, BP 92/ 61, RR 24, SpO2 96%. His white blood count 
is 14,000/ mm3. Blood, urine and CSF cultures are 
obtained. A urinary catheter is placed yield ing scant 
dark urine. Gram stain of the urine specimen reveals 
many gram-negative rods. After volume resuscita-
tion, the patient’s heart rate and blood pressure are 
87 and 104/ 65, respectively. A central venous line is 
placed, and the CVP is 12 mm Hg. Urine output 
remains low at 15 mL/ h for 2 h.

492. This p atien t w ou ld  m ost accu rately be 
described  as having:

(A)  septicemia
(B)  systemic inflammatory response 

syndrome (SIRS)
(C)  sepsis
(D)  severe sepsis
(E)  septic shock
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493. Which one of the following would  be the most 
appropriate next step  in management?

(A)  Flush the urinary catheter
(B)  Perform a head  CT
(C)  Give a bolus of IV flu ids
(D)  Perform a renal ultrasound
(E)  Start antibiotics

494. Which one of the following resuscitation fluids 
has been associated  with an increased  inci-
dence of acu te renal failu re in critically ill 
patients?

(A)  Albumin
(B)  Hydroxyethyl starch
(C)  Normal saline
(D)  Fresh frozen plasma
(E)  Lactated  Ringer solution

DIRECTIONS: Use the following scenario to answer 
Questions 495-498: A 44-year-old  man with BMI =
40 kg/ m 2 is now on postoperative day 1 following 
elective ventral hernia repair. The rapid  response 
team is called  to assess him for possible ICU trans-
fer. His nurse reports that 3 h prior, he was sleepy, 
easily arousable, hemodynamically stable but com-
plaining of 7/ 10 incisional pain that was treated  
with intravenous morphine delivered  by PCA. One 
hour ago, he became d isoriented  and  agitated , pull-
ing out his intravenous access and  urinary catheter. 
At that time, lorazepam 5 mg IM was administered  
and  new intravenous access established . Now he is 
very somnolent. Vital signs show T 37.6°C, HR 92, 
BP 98/ 60, RR 7, SpO2 85% on supplemental oxygen 
via nonrebreather mask.

495. Which one of the following is the most likely 
find ing on preoperative pulmonary function 
tests (PFTs) in this patient?

(A)  Increased  residual volume (RV)
(B)  Decreased  d iffusing capacity (DLCO)
(C)  Decreased  forced  expiratory volume in 

first second/ forced  vital capacity 
(FEV1/ FVC) ratio

(D)  Increased  total lung capacity (TLC)
(E)  Decreased  expiratory reserve volume 

(ERV)

496. The patient’s wife volunteers a preoperative 
history of snoring at night, daytime sleepiness, 
and  a referral for a sleep study that the patient 
has not yet undergone. Which one of the fol-
lowing combination of cond itions is the most 
likely explanation for hypoxemia in the PACU 
in this patient?

(A)  Atelectasis and  anemia
(B)  Intracard iac shunt and  increased  oxygen 

consumption
(C)  Atelectasis and  hypoventilation
(D)  Hypoventilation and  hypermetabolism
(E)  Intrapulmonary shunt and  decreased  

d iffusing capacity

497. Which of the following are most appropriate in 
initial management of this patient?

(A)  Administer flumazenil, provide nonin-
vasive positive pressure ventilation 
(NIPPV), position head  of bed  at 
45 degrees

(B)  Position head  of bed  at 45 degrees, place 
nasogastric tube, d raw ABG

(C)  Administer naloxone, position head  of 
bed  at 45 degrees, d iscontinue supple-
mental oxygen

(D)  Administer naloxone, provide noninva-
sive positive pressure ventilation 
(NIPPV), position head  of bed  at 
45 degrees

(E)  Change to hydromorphone analgesia, 
perform endotracheal intubation, and  
transfer to ICU

498. The patient fails to improve from the initial 
management strategy. He is transferred  to the 
ICU. Following uneventful endotracheal intu-
bation using etomidate, he becomes severely 
hypotensive, and  unresponsive to fluid  resus-
citation. Vital signs are T 37°C, HR 110, BP 
75/ 45, RR 18, Sp O2 88% on FIO2 1.0. ABG 
reveals pH 7.40, PaCO2 60 mm Hg, PaO2 59 mm 
Hg, base excess 14. CXR shows no evidence of 
atelectasis or infiltrate. ECG reveals sinus 
rhythm, R axis deviation, and evidence of right 
ventricular strain. Which one of the following 
would  be the most likely findings from bed-
side echocard iogram?
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(A)  Normal right ventricular size and  func-
tion, d ilated  left atrium, small and  
hypercontractile left ventricle

(B)  Normal right ventricle size and  
function, left ventricular apical 
ballooning

(C)  Dilated  and  hypertrophied  right 
ventricle, paradoxical intraventricular 
septal motion, small left ventricle

(D)  Large pericard ial effusion
(E)  Normal right ventricular size and  func-

tion, d ilated , hypocontractile left ventri-
cle with significant mitral regurgitation

DIRECTIONS: Use the following scenario to answer 
Questions 499-501: A 58-year-old  man with COPD 
and  diabetes mellitus is admitted  to the ICU with 
the d iagnosis of necrotizing fasciitis of the perine-
um. His vital signs are significant for T 39.1°C, HR 
125, BP 79/ 52, RR 34, SpO2 88% on facemask oxygen.

499. Which one of the following is the explanation 
for a fall in mean arterial pressure following 
endotracheal intubation and  mechanical ven-
tilation?

(A)  Catecholamine release associated  with 
d irect laryngoscopy

(B)  Histamine release induced  by ketamine 
administration

(C)  Reduced  venous return associated  with 
positive pressure ventilation

(D)  Decreased  work of breathing causing a 
worsened  lactic acidosis

(E)  Increased  left ventricular afterload  asso-
ciated  with positive pressure ventilation

500. Mechanical ventilation of the patient is compli-
cated  by patient-ventilator d yssynchrony. 
What is the most likely cause?

(A)  Rapid  inspiratory flow rise time at the 
initiation of a breath

(B)  Decelerating flow pattern with volume 
targeted  ventilation

(C)  Excessive sedation with propofol
(D)  Auto positive end-expiratory pressure
(E)  Ventilator inspiratory time matched  to 

patient inspiratory time

501. During pressure assist/ control mode ventila-
tion, the endotracheal tube becomes partially 
obstructed  by secretions. Which one of the fol-
lowing is most likely to result?

(A)  Increased  tidal volume
(B)  Increased  plateau pressure
(C)  Apnea
(D)  Decreased  peak inspiratory pressure
(E)  Decreased  minute ventilation

DIRECTIONS: Use the following scenario to answer 
Questions 502-503: A 65-year-old  man is admitted  to 
the ICU following percutaneous nephrostomy tube 
placement to treat ureteral obstruction. Immediately 
following the procedure, he developed  fever and  
hypotension. Vital signs upon arrival to the ICU are 
T 39.2°C, HR 130, BP 80/ 40, RR 38. Oxygen satura-
tion is unobtainable. CVP is 3 mm Hg. He is awake 
and  oriented  and  complains of 5/ 10 pain at the tube 
site. He has a Grade II/ VI systolic ejection murmur 
at the left sternal border, cool extremities and  poor 
peripheral pulses. Urine from the nephrostomy 
tube is cloudy yellow. Laboratory values show Na 
138 mEq/ L, K 4.6 mEq/ L, Cl 108 mEq/ L, BUN 32 
mg/ dL, Cr 2.2 mg/ dL, WBC 22,000/ mm3, Hb 13 g/ dL, 
p latelet count 198,000/ mm3.

502. Which one of the following shou ld  be per-
formed next?

(A)  Fluid  resuscitate to CVP 15 mm Hg
(B)  Transfuse 1 unit packed  red  blood  cells
(C)  Place pulmonary artery catheter to 

measure SvO2

(D)  Fluid  resuscitate to CVP 10 mm Hg
(E)  Operative exploration for bleed ing
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503. Two hours later, the following vital signs are 
recorded: T 38°C, HR 118, BP 105/ 60, RR 32. 
CVP is 12 m m  H g, and  ScvO2 is 55%. 
Norepinephrine is infusing at 10 mcg/ min to 
support the blood  pressure. Which one of the 
following is the next most appropriate step?

(A)  Administer milrinone
(B)  Increase norepinephrine dose
(C)  Administer dobutamine
(D)  Administer vasopressin
(E)  Administer epinephrine

DIRECTIONS: Use the following scenario to answer 
Questions 504-505: A 34-year-old  woman with sys-
temic lupus erythematosus presents with dyspnea 
and  chest pain. Vital signs are T 37.5°C, HR 128, BP 
85/ 40, RR 36, SpO2 95% on nasal cannula oxygen. A 
bedside TTE is performed, with a subcostal image 
depicted  below:

504. Which one of the following find ings is most 
likely on physical examination?

(A)  Right ventricular heave along left ster-
nal border

(B)  Diminished  right sided  breath sounds
(C)  Diastolic heart murmur
(D)  Palpable liver edge
(E)  Pulsus paradoxus > 12 mm Hg

505. Which one of the following treatments is most 
appropriate?

(A)  Thoracentesis
(B)  Thrombolysis
(C)  Pericard iocentesis
(D)  Diuresis
(E)  Inotropic support

DIRECTIONS: Use the following scenario to answer 
Questions 506-507: A 28-year-old  woman with a his-
tory of Roux-en-Y gastric bypass presents with 
nausea, vomiting, and  abdominal pain. Imaging 
suggests a small bowel obstruction. On induction of 
anesthesia for exploratory laparotomy, she has an 
observed  asp iration of particu late contents. 
Following rapid  intubation, her vital signs are T 
37.2°C, HR 136, BP 80/ 40, SpO2 91% on mechanical 
ventilation with FIO2 1.0. Physical exam reveals d if-
fuse expiratory wheezing and  rhonchi. A nasogas-
tric tube d rains copious feculent contents.

506. What is the next most appropriate intervention?

(A)  Bronchoalveolar lavage
(B)  Prone ventilation
(C)  Chest CT
(D)  Bronchoscopy with particulate removal
(E)  Hyperbaric oxygen

507. Which one of the following is the most appro-
priate pharmacologic intervention?

(A)  Sodium bicarbonate
(B)  Intravenous heparin
(C)  Antibiotics
(D)  Methylprednisolone
(E)  Inhaled  nitric oxide

DIRECTIONS: Use the following scenario to answer 
Questions 508-513: You are responding to an over-
head  page reporting a code in the PACU. On arrival, 
you find  a 47-year-old  male who has just undergone 
a Whipple procedure. He had  been doing well, but 
as the nurses were preparing his transfer to the ICU 
for fu rther monitoring, he sudd enly became 
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unresponsive. They called  a code, initiated  CPR, 
and  began reconnecting him to the monitors. You 
arrive as they are reconnecting the arterial line.

508. Critical myocard ial blood  flow is associated  
with an aortic d iastolic blood pressure greater 
than which one of the following?

(A)  15 mm Hg
(B)  20 mm Hg
(C)  30 mm Hg
(D)  40 mm Hg
(E)  50 mm Hg

509. Which one of the following describes the attri-
butes of effective chest compressions in adults?

(A)  Rate 80, 2 cm depth, 25% compression 
time

(B)  Rate 80, 5 cm depth, 50% compression 
time

(C)  Rate 100, 2 cm depth, 25% compression 
time

(D)  Rate 100, 5 cm depth, 50% compression 
time

(E)  Rate 120, 2 cm depth, 25% compression 
time

510. The patient is placed  back on telemetry. The 
rhythm is ventricular fibrillation (VF). What is 
the most appropriate next step in management?

(A)  Administer amiodarone
(B)  Administer epinephrine
(C)  Biphasic card ioversion at 150 J
(D)  Biphasic defibrillation at 200 J
(E)  Endotracheal intubation

511. The resp iratory therapist suggests end -tidal 
CO2 monitoring. During CPR, end-tidal CO2
correlates with which one of the following?

(A)  Arterial CO2

(B)  Card iac output
(C)  Minute ventilation
(D)  Arterial systolic blood  pressure
(E)  Venous CO2

512. Patients who are intubated  and  receiving CPR 
should  be ventilated  at which one of the fol-
lowing rates?

(A)  < 4 breaths/ min
(B)  4-6 breaths/ min
(C)  6-8 breaths/ min
(D)  8-10 breaths/ min
(E)  10-12 breaths/ min

513. If a patient fails to regain consciousness after 
return of spontaneous circulation following VF 
arrest, which one of the following is the most 
appropriate next step  in management?

(A)  Administer mannitol
(B)  Begin therapeutic hypothermia, if no 

contraindications
(C)  Notify the family of the patient’s poor 

prognosis
(D)  Provide 100% FIO2

(E)  Schedule a card iac catheterization to be 
performed after the patient regains 
consciousness

DIRECTIONS: Each group of items below consists 
of lettered  headings followed by a list of numbered  
phrases or statements. For each numbered  phrase or 
statement, select the ONE lettered  head ing or com-
ponent that is most closely associated  with it. Each 
lettered  head ing or component may be selected  
once, more than once, or not at all.

(A)  Syndrome of inappropriate antid iuretic 
hormone (SIADH)

(B)  Hepatorenal syndrome
(C)  Congestive heart failure
(D)  Cerebral salt wasting
(E)  Hypovolemia
(F)  Nephrogenic d iabetes insipidus
(G)  Central d iabetes insipidus

For each of the following clinical scenarios, select 
the most likely d iagnosis.
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514. A 48-year-old  woman presented  7 d  ago with 
nausea, vomiting, and  the worst headache of 
her life. She underwent a neurosurgical proce-
dure, and  is now obtunded  with a Glasgow 
Coma Score (GCS) of 4 (E1VTM2). Her vital 
signs are T 37°C, HR 99, BP 120/ 80, RR 14. CVP 
is 2 mm Hg. Other relevant laboratory values 
includ e serum sod ium 134 mEq/ L, u rine 
sodium 43 mEq/ L, plasma osmolality 270 
mOsm/ kg, and urine osmolality 350 mOsm/ kg.

515. A 67-year-old  man is hospitalized  in the ICU 
following colon resection for perforated  sig-
m oid  d iverticu litis. H e is in tubated  and  
mechanically ventilated . His vital signs are T 
36.8°C, HR 88, BP 94/ 52, RR 16, SpO2 92%, FIO2
0.6. Systolic pressure variation from a rad ial 
arterial line is 4 mm Hg. He has pitting periph-
eral edema. He has serum sodium 133 mEq/ L, 
u rine sod ium 10 mEq/ L, p lasma osmolality 
270 m Osm / kg, and  u rine osm olality 600 
mOsm/ kg.

516. A 26-year-old man with a history of schizophre-
nia has suffered  traumatic brain injury after 
jumping from a height of 50 feet. He has GCS 
3(E1VTM1), no pupillary light reflexes, no cor-
neal responses, and no gag or cough response. 
On apnea testing, arterial pH =  7.28 after 8 min 
with no observed  respiratory effort. Several 
hours later, urine output is > 400 mL/ h for 3 h, 
d iminishing to 50 mL/ h when intravenous 
vasopressin is administered. Laboratory values 
are serum sodium 158 mEq/ L, urine sodium > 
20 mEq/ L, plasma osmolality 320 mOsm/ kg, 
and urine osmolality 100 mOsm/ kg.

517. A 56-year-old man with a history of non-alcoholic 
steatohepatitis (NASH) is hospitalized in the ICU 
following total colectomy to treat toxic megaco-
lon. He is intubated and mechanically ventilated. 
His vital signs are T 37.5°C, HR 110, BP 90/ 52, RR 
22, SpO2 100%, FIO2 0.4. Pulse pressure variation 
from a radial arterial line is 18%. He has a serum 
sodium 130 mEq/ L, urine sodium 10 mEq/ L, 
plasma osmolality 290 mOsm/ kg, and urine 
osmolality 50 mOsm/ kg.

518. A 66-year-old  woman with a history of hepati-
tis C infection is transferred  to the ICU on post-
op erative d ay 1 follow ing lap aroscop ic 
cholecystectomy. Her vital signs are T 37.2°C,
HR 125, BP 85/ 42, RR 18, SpO2 94% on face-
mask oxygen. Urine ou tpu t has been 5-20 
mL/ h for the past 12 h. She has received  1.5 L 
normal saline resuscitation over the past 4 h 
without increase in urine output or blood  pres-
sure. Her exam is notable for abdominal d is-
tention w ith shifting du llness. Laboratory 
values are notable for serum sod ium 128 
mEq/ L, urine sodium 5 mEq/ L, plasma osmo-
lality 285 mOsm/ kg, and  u rine osmolality 
400 mOsm/ kg.

DIRECTIONS: Each group of items below consists 
of lettered  headings followed by a list of numbered  
phrases or statements. For each numbered  phrase or 
statement, select the ONE lettered  head ing or com-
ponent that is most closely associated  with it. Each 
lettered  head ing or component may be selected  
once, more than once, or not at all.

(A)  Anaphylactic shock
(B)  Card iogenic shock
(C)  Hyperdynamic septic shock
(D)  Hypovolemic shock
(E)  Neurogenic shock
(F)  Obstructive shock due to pulmonary 

embolism

For each patient with shock, select the most likely 
mechanism causing the symptoms.

519. A 46-year-old male is brought to the emergency 
department by paramedics. He was found down 
in his home after sustaining a 45% total body 
surface area burn. He was unresponsive at the 
scene and was intubated en route. His vital signs 
are T 36.1°C, HR 126, BP 81/ 42, RR 21, SpO2 97%. 
A bedside hematocrit is 52%. A central line and  
an arterial line are placed to assist with care. His 
CVP is 6 mm Hg. Arterial waveform analysis 
suggests a decreased  cardiac output. Central 
venous oxygen saturation is 47%.
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520. A 26-year-old  female is in the postpartum unit 
12 h after delivering a healthy 39-week male 
via elective repeat cesarean section und er 
sp inal anesthesia. Her past med ical history 
includes asthma, GERD and  chronic low back 
pain. Her initial postoperative course w as 
uneventful. She was ambulatory and  had  good 
oral intake. Over the past several hours, how-
ever, she has become increasingly fatigued  and  
lethargic. Her vital signs are T 37.1°C, HR 118, 
BP 79/ 51, RR 22, SpO2 94% on room air. Her 
extremities are cool and edematous. Her hemo-
globin is 9 g/ dL. An intravenous flu id  bolus 
d id  not improve her vital signs. Central venous 
and  arterial lines are p laced  to assist with care. 
CVP is 15 mm Hg. Arterial waveform analysis 
suggests a d ecreased  card iac ou tpu t. She 
begins to complain of dyspnea that worsens 
with lying flat.

521. A 62-year-old  female is in a rehabilitation facil-
ity recovering from a right total hip  replace-
ment performed 3 weeks ago. Her past medical 
history is significant for obesity, hypertension, 
hypercholesterolemia, hypothyroid ism and  
osteoarthritis. While working with the physi-
cal therapist, she develops dyspnea and  chest 
pain. Emergency medical personnel arrive, 
find ing her heart rate 105 bpm and  blood 
pressure 89/ 59 mm Hg. She requires a non-
rebreather oxygen mask to m aintain  her 
oxygen saturation > 90%. ECG done en route 
to the hosp ital show s sinu s tachycard ia 
without acute ST changes.

522. A 22-year-old  male with a history of meningo-
myelocele is scheduled  for correction of an 
Arnold-Chiari malformation. After an unevent-
ful induction of anesthesia, arterial and  central 
catheters are placed . The patient is then posi-
tioned , prepped  and  draped . One hour after 
incision, the patient develops hypotension, 
hypoxemia and  increased  airway pressures. 
The CVP is 1 mm Hg.

523. A 56-year-old  male is brought to the emer-
gency d epartm ent by his brother d ue to 

progressive somnolence over the past 2 d . The 
patient is too lethargic to give a history but his 
brother reports that he avoids medical care. He 
is known to have a penicillin allergy since 
childhood. He had  an ankle fracture repaired  
in the past. He smokes 2 packs/ d  and  drinks a 
p int of whiskey daily. H is vital signs are T 
37.9°C, HR 113, BP 89/ 40, RR 26, SpO2 88% on 
4 L/ min by nasal cannula. There are rhonchi in 
the right lung. His feet are warm with bound-
ing pulses.

524. A 16-year-old  male is brought to the emer-
gency department by paramedics. He was the 
unrestrained  d river in a high speed  motor 
vehicle accident. He was unresponsive at the 
scene and  required  intubation. On arrival, his 
vital signs are T 36.2°C, HR 61, BP 82/ 43, SpO2
100% while being ventilated  with an Ambu 
bag. His GCS is 4 (E2VTM1). His initial chest 
x-ray and  long bone films do not show any 
traumatic injuries. His FAST scan is negative. 
His feet are warm.

DIRECTIONS: Each group of items below consists 
of lettered  headings followed by a list of numbered  
phrases or statements. For each numbered  phrase or 
statement, select the ONE lettered  head ing or com-
ponent that is most closely associated  with it. Each 
lettered  head ing or component may be selected  
once, more than once, or not at all.

(A)  Subarachnoid  hemorrhage
(B)  Hypercarbia
(C)  Hypertensive encephalopathy
(D)  Middle cerebral artery infarction
(E)  Septic shock
(F)  Meningitis
(G)  Alcohol intoxication
(H)  Epidural hematoma
(I)  Concussion
(J)  Postseizure state

For each patient with coma, select the most likely 
d iagnosis.
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525. A 79-year-old  woman with COPD and abdom-
inal pain underwent exploratory laparoscopy 
under spinal anesthesia. In the PACU, she is 
unresponsive w ith no focal or lateralizing 
signs. T 36.5°C, HR 110, BP 160/ 90, RR 6, SpO2
94% on supplemental oxygen.

526. A 22-year-old  man presented  to the emergency 
department following crashing his motorcycle 
into a utility pole. When emergency medical 
personnel respond ed , he reported  that he 
struck his helmeted  head  into the pole without 
loss of consciousness. Vital signs at the scene 
were T 37.2°C, HR 130, BP 160/ 98, RR 22, SpO2
98% on room air, GCS 15 (E4V5M6). On arrival 
to the hospital, he is comatose with a left tem-
poroparietal scalp laceration.

527. A-54-year old  man with a history of glioblas-
toma is brought to the emergency room by 
family who found him unresponsive at home 
on the floor. Vital signs are T 37.8°C, HR 98, BP 
150/ 80, RR 28, SpO2 98% on facemask oxygen. 
There are no visible traumatic injuries, but his 
clothing is satu rated  w ith u rine. H ead  CT 
reveals no significant change from three weeks 
ago where a 2 cm lesion is seen in the right 
temporal lobe w ith  m inim al su rround ing 
edema.

528. An 80-year-old woman with a history of pros-
thetic aortic valve and severe carotid  stenosis 
who is prescribed  warfarin anticoagulation 
presents after being found on her floor at home 
unresponsive. Her daughter reports that she 

had run out of her medications one week ago. T 
35.2°C, HR 88 irregular, BP 170/ 90, RR 16, SpO2
95% on room air. Laboratory values are notable 
for sodium 145 mEq/ L, glucose 130 mg/ dL, 
BUN 40 mg/ dL, creatinine 1.8 mg/ dL, WBC 
8,000/ mm3, hemoglobin 12 g/ dL, INR 0.9.

529. A 43-year-old  woman presents with a history 
of subarachnoid  hemorrhage 3 weeks p rior 
due to ruptured  cerebral aneurysm. She was 
treated  with coil embolization of the aneurysm 
and  su bsequ ently d evelop ed  obstru ctive 
hydrocephalus that has been treated  since with 
an external ventricular drain. She was neuro-
logically intact and  recovering well until 8 h 
ago when her nurse noticed  increasing drows-
iness, progressing to obtundation and  coma. 
Vital signs are T 39.2°C, HR 120, BP 110/ 70, RR 
30, SpO2 100% on room air. She has no focal or 
lateralizing neurologic find ings. Laboratory 
values show sodium 145 mEq/ L, WBC 27,000/
mm 3, hemoglobin 9.2 g/ dL, p latelet count 
110,000/ mm 3, INR 1.0.

530. A 21-year-old  man has a history of bone 
marrow transplant 2 weeks ago presents with 
coma without focal or lateralizing neurologic 
findings. Vital signs show T 38.8°C, HR 100, BP 
80/ 40, RR 32, SpO2 96% on room air. Exam is 
notable for alopecia, rigors, and  cool extremi-
ties. Laboratory values reveal sod ium 140 
mEq/ L, WBC 800/ mm 3 with d ifferential count 
50% neu trophils, 30% lym phocytes, 10% 
monocytes, 6% eosinophils, and  3% basophils.
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457.  (C) This previously healthy young patient has 
developed  symptoms referable to both the 
chest and the head/ neck. Epiglottitis, pneumo-
nia, or tracheomalacia could  result in dyspnea, 
cough, and  perhaps hoarseness, bu t they 
w ould  be unlikely to cause facial sw elling. 
Angioedema could  account for this constella-
tion of symptoms, bu t a three-d ay course 
would  be unusual. This patient has symptoms 
of superior vena cava (SVC) syndrome, a clini-
cal d iagnosis based  on symptomatology. Most 
cases of SVC syndrome are caused  by malig-
nancies such as lung cancer, lymphoma or 
metastases, but benign causes (strictures from 
intravascular devices, thyromegaly, and  aortic 
aneurysm) also exist. SVC synd rome in a 
young man with a mediastinal mass is most 
commonly due to lymphoma or a mediastinal 
germ cell tumor. Patients with SVC syndrome 
commonly present with facial/ neck swelling, 
dyspnea, and  cough. Hoarseness, headache, 
congestion, hemoptysis, dysphagia, pain and  
syncope may also be seen. Symptoms worsen 
with a head  down position. (6:265-6, 2266-7, 
2711-3)

458.  (D) Although nonpharmacologic interventions 
(such as a quiet environment, soothing music, 
or a familiar family member at the bedside) 
may red uce the need  for sed atives, many 
mechanically ventilated  patients require seda-
tion for safety. The choice of sedative agent 
should  be tailored  to the patient, keeping in 
mind  the patient’s physiology and  the side 
effect p rofiles of the sedative med ications. 
Benzod iazepines can worsen confusion and  
delirium. As a result, their use should  be lim-
ited  to cases where side effects of other seda-

tives are unaccep table or w here alcohol or 
benzodiazepine withdrawal may be contribut-
ing to confusion. Etomidate suppresses adre-
nocortical function. It is not appropriate for use 
as an infusion. Side effects of propofol include 
hypotension due to vasod ilation, respiratory 
d ep ression, and  hyperlip id emia. Propofol 
infusion syndrome is a rare, bu t potentially 
fatal side effect of p ropofol administration. 
Dexmedetomid ine is an α2-adrenoceptor ago-
nist. Administration causes sedation and  anal-
gesia w ith little resp iratory depression. Side 
effects of dexmedetomid ine include hypoten-
sion and  bradycard ia. Dexmedetomid ine is 
rarely used  for long-term sedation (> 1 day) 
due to cost. In this patient with bradycard ia 
and  an acceptable blood  pressure, propofol 
would  be the most appropriate sedative. Pain 
shou ld  also be treated , as untreated  pain is 
associated  w ith an increased  incid ence of 
delirium and  worse outcomes. (1:536-8, 548-9; 
6:201)

459.  (A) Intensive care unit patients are at risk for 
multiple complications due to their critical ill-
ness. Prophylactic interventions have been 
developed  to reduce morbid ity from stress 
u lcers, ventilator associated  pneumonia (VAP) 
and  deep venous thrombosis. Oral decontami-
nation with chlorhexid ine is recommended to 
reduce the incidence of VAP. Other suggested  
interventions include head  of bed  elevation 
and  daily assessment of read iness to wean. 
Clindamycin is an antibiotic that is active 
against gram positive and  anaerobic bacteria. 
An infection with Haemophilus would  not be 
treated  by clindamycin. Dexamethasone is a 
glucocorticoid . It has no role in the treatment 

Answers  and Explana tions
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of VAP. Omeprazole (a proton pump inhibitor) 
is a reasonable choice for stress ulcer prophy-
laxis, but proton pump inhibitors are associ-
ated  w ith increased  rates of pneum onia. 
(1:1434-5, 1755; 6:1114, 2448)

460.  (B) Donation after card iac death (DCD) is an 
accepted method of organ donation that occurs 
after withdrawal of life support in a patient 
who is expected  to d ie without such support. 
Recent renew ed  interest in DCD has been 
spurred  by the mismatch between the number 
of patients awaiting organ transplantation and 
insufficient number of donors from the brain-
dead  procurement path. DCD donors are usu-
ally critically ill from irreversible neurologic 
illness, neuromuscular d isease, or high spinal 
cord  injury. Usually the patient and / or family, 
in collaboration with the treating ICU physi-
cians, arrive at a decision to withdraw care in 
order to minimize suffering and  allow  the 
patient to d ie. Only in this context (after the 
decision to w ithd raw care has been made) 
shou ld  the patient or family be approached  
regard ing the possibility of organ donation. If 
consent is rendered  by the competent patient, 
or absent this by the family, DCD donation 
may proceed . In a controlled  setting (either the 
ICU or the operating room), life support is 
withdrawn including removal of the endotra-
cheal tube. The patient’s symptoms of pain, 
anxiety, and  dyspnea are treated  appropriately 
to provide comfort during death. If asystole 
occurs within a set time interval (usually less 
than 2 h), the p rocu rem ent team  w aits the 
p rescribed  time (usually 2-5 min) after card iac 
death and  then begins organ procurement. The 
dying process and  wait period  following asys-
tole subject the organs to a longer warm isch-
emic time than brain dead  donors, but thus far 
graft outcomes from DCD donors appear com-
parable to brain dead  donors when appropri-
ate selection criteria are satisfied . Even hearts 
have been reported  to have been successfully 
transplanted  following DCD donation. (Fanelli 
V, et al. Curr Opin Anaesthesiol 2010; 23:406-10)

461.  (A) Pressu re support ventilation (PSV) is 
depicted  in the figure as evidenced  by the neg-
ative pressure deflection before each inspira-

tion that triggers the delivered  insp iratory 
flow. End of inspiration in PSV is determined  
by a decline to a certain percentage of peak 
inspiratory flow (usually 25%, although this 
may be ad justed ). The figu re show s only 
patient triggered  insp irations without add i-
tional mandatory breaths. PSV may be prob-
lematic in the setting of a large bronchopleural 
fistula since flow through the defect may never 
d rop, thereby resulting in continuous inspira-
tion without termination. Minute ventilation in 
PSV is determined  by patient effort; a higher 
respiratory rate will result in a higher MV if 
tidal volume remains approximately constant. 
(5:1407-9; 6:2212)

462.  (D) In this setting, the bradycard ia is causing 
asymptomatic hypotension. Atrop ine is an 
appropriate intervention to increase the heart 
rate rapid ly. Transvenous pacing requires cen-
tral venous access and  subsequent placement 
of a wire. This cannot be performed  quickly 
enough for this situation. Card iopulmonary 
resuscitation (CPR) is not the appropriate first 
intervention in this patient who has a pulse, 
although CPR may be required  if the patient’s 
cond ition deteriorates or he is unresponsive to 
less invasive treatments. Similarly, endotra-
cheal intubation is not necessary at this time. 
(1:227-8, 5:1433; 6:2244)

463.  (C) The ECG demonstrates an acute ST eleva-
tion MI. Likely etiologies include coronary 
artery plaque rupture or in-stent thrombosis. 
The primary goal of therapy is rapid coronary 
reperfusion, preferably using catheter-based  
therapies d irected  at the involved  coronary 
artery. Modern interventions may include 
thrombus extraction, balloon angioplasty, or 
coronary stenting using either bare metal or 
drug-eluting stents. Determination of the best 
intervention depends upon coronary anatomic 
findings and relative risk of potent anticoagu-
lants inducing bleeding at the recent surgical 
site. Better outcomes from acute MI are achieved  
when the ”door to balloon” time is less than 90 
min. Thus, stat card iology consultation and  
rapid mobilization of the patient to the catheter-
ization suite are key. Pharmacologic measures 
to reduce myocard ial oxygen consumption 
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should  be simultaneously employed . Thus, 
tachycard ia should  be treated  with a beta-
blocker, in this case a short-acting intravenous 
agent such as esmolol. Myocardial wall tension 
should  be reduced  by treating hypertension. 
Nitroglycerin is indicated for treatment in acute 
coronary syndrome (ACS) to diminish ischemic 
pain (if present), treat hypertension, reduce pul-
monary congestion, and, when implicated, treat 
coronary vasospasm. Nitroglycerin has not 
been demonstrated, however, to diminish mor-
tality due to ACS. Other pharmacologic thera-
p ies that shou ld  be rap id ly administered  
include antiplatelet agents (aspirin ±  a thieno-
pyridine) depending upon the estimated risk of 
surgical bleeding from dual agents as well as 
the specific coronary artery intervention. A 
statin should  be prescribed for patients not cur-
rently taking one, and an ACE-inhibitor consid-
ered  for patients whose hemodynamics will 
tolerate the medication. Systemic thrombolytics 
for ACS are contraindicated for patients who 
have undergone recent surgery (<2 weeks). 
(1:754; 5:750, 1385; 6:2025-8)

464.  (D) Oxygen delivery (DO2) can be calculated  
using the following equations:

DO2 =  CO ×  CaO2 ×  10, and  

CaO2 =  (1.34 ×  Hb ×  HbO2) +  (0.003 ×  PO2)

where CO =  card iac output, and  CaO2 is the arterial 
oxygen content. The 10 is a factor that converts the 
final units to mL/ min. HbO2 is arterial oxygen satu-
ration percentage, Hb is hemoglobin concentration, 
and  PO2 is the partial pressure of oxygen in arterial 
blood. His current DO2 is:

DO2 = 5 L/ min ×  ((1.34 mL O2/ gm Hb 
×  9 gm/ dL ×  0.9) +  (0.003 mLO2/
100 mL/ mm Hg ×  61 mm Hg)) ×  10

=  552 mL/ min

This can be approximated  using just the first por-
tion of the equation for CaO2 as the contribution 
due to d issolved  oxygen is generally small. Stroke 
volume is obtained  using the formula:

CO =  heart rate ×  stroke volume.

The greatest increase in DO2 occurs with an 
increase in the patient’s stroke volume to 80 mL/
beat (DO2 =  803 mL/ min). Be cautious with the 
units. (5:415, 460)

465.  (B) Arteriolar luminal d iameter is the primary 
determinant of SVR. (6:2215)

466.  (B) α-adrenoceptors are found on arteriolar and  
venous smooth muscle cells. Stimulation of 
α1-adrenoceptors results in vasoconstriction. β2-
adrenoceptors are found in smooth muscle and  
metabolic tissue. Stimulation of β2-adrenoceptors 
causes skeletal and cardiac muscle vasodilation, 
bronchodilation, and decreased gastric motility. 
(5:1401)

467.  (D) This patient is in septic shock. The kidneys 
respond to hypoperfusion by conserving salt 
and water. Renin is released from the juxtaglo-
merular apparatus and catalyzes the conversion 
of angiotensinogen to angiotensin I. Angiotensin 
I is subsequently converted to angiotensin II by 
angiotensin-converting enzyme. Angiotensin II 
causes vasoconstriction of the afferent arteriole, 
increasing glomerular hydrostatic pressure and  
filtration. Angiotensin II increases aldosterone 
release. Aldosterone is a mineralocorticoid that 
increases sodium reabsorption. Acute hypoten-
sion substantially increases vasopressin release. 
As shock continues, however, vasopressin levels 
decrease, resulting in a relative vasopressin defi-
ciency. (1:493, 703-12; 6:2044-5, 2217, 2281-2, 
2930)

468.  (C) Mixed venous oxygen saturation (SvO2) can 
be measured on blood taken from the d istal tip  
of a pulmonary artery catheter. In states of 
hypoperfusion, extracted  oxygen is a greater 
percentage of delivered  oxygen. As a result, 
SvO2 is typically reduced. Once a patient has 
been resuscitated, SvO2 may be normal or ele-
vated in inflammatory conditions. The normal 
value for SvO2 is 70-75%. Mixed venous oxygen 
saturation is a function of oxygen delivery and  
extraction in the entire body, as the value is 
taken from blood  in the pulmonary artery. 
Central venous oxygen saturation (ScvO2), how-
ever, is taken from blood in the superior vena 
cava (via a central line), and thus reflects oxy-
genation of only the cephalad portions of the 
body. Under normal circumstances ScvO2 is 
slightly less than SvO2. In critically ill patients, 
oxygen extraction and consumption from the 
liver, kidneys, and GI tract is increased. As a 
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result, SvO2 may be less than ScvO2. Cerebral 
oximetry and pulse oximetry would be expected  
to measure oxygen levels in local tissue beds. 
(5:1404, 426-8)

469.  (E) During shock states, there is disruption of 
normal metabolic cycles. Hepatic production of 
glucose is increased in the presence of decreased  
oxygen levels. Serum triglyceride levels are 
increased, due to decreased clearance of exog-
enous triglycerides and increased hepatic lipo-
genesis. Ep inephrine is released  from the 
adrenal medulla, causing increased glycoge-
nolysis, increased gluconeogenesis, and reduced  
pancreatic insulin release. There is increased use 
of protein as an energy substrate. This results in 
a negative nitrogen balance. As a result, severe 
muscle wasting is a potential cause of morbidity 
in prolonged critical illness. (6:2216-7)

470.  (B) Critically ill patients are frequently sub-
jected  to intrahospital transport for d iagnostic 
or therapeu tic interventions. Such transport 
may be critical to patient management, but it 
also carries significant risk. Complications of 
transport are d iverse includ ing hemodynamic 
or resp iratory d eterioration, hypothermia, 
increased  ICP, pain or anxiety, falls, and  d is-
lodgement of vascular access. The risks and  
benefits of patient transport must be considered  
on a patient- and  situation-specific basis. This 
patient is likely to experience respiratory dete-
rioration during transport and  should  not be 
subjected  to transport for a procedure that can 
reasonably and  safely be done at the bedside. 
The procedure should  not be cancelled , how-
ever, as the patient’s empyema is likely driving 
his critical illness. If transport is in the patient’s 
best interest, then appropriate preparation and  
monitoring may reduce the risk of patient 
injury. (5:1375-87)

471.  (D) The Glasgow Coma Scale (GCS) is a scor-
ing system used  for communication and  prog-
nostication for patients with head  injury. The 
patient score is the sum of the numbers given 
for the patient’s best response in each of three 
categories:
Eye opening (E): spontaneous – 4, to loud

voice – 3, to pain – 2, nil - 1

Verbal response (V): oriented  – 5, confused/
d isoriented  – 4, inappropriate words – 3,
incomprehensible sounds – 2, nil – 1,
intubated  - T

Best motor response (M): obeys – 6, localizes 
to pain – 5, withdraws from pain – 4, 
abnormal  exion posturing – 3, extension
posturing – 2, nil – 1

The highest potential score is E4V5M6 =  15. 
The lowest potential score is E1V1M1 =  3. 
This patient’s score is E2V2M5 =  9. (6:3381)

472.  (A) Patients with acute pancreatitis often receive 
vigorous fluid resuscitation to maintain intra-
vascular volume in the face of severe capillary 
leak. Ascites often develops, pu tting these 
patients at risk for the development of abdomi-
nal compartment syndrome. Elevated abdomi-
nal pressures worsen pulmonary compliance 
resulting in hypoventilation, atelectasis, hypox-
emia, and elevated airway pressures. Inferior 
vena cava compression reduces venous return 
to the heart (reduced preload). Perfusion to vis-
ceral organs is reduced  causing acidosis and 
renal dysfunction. Cardiac output drops due to 
decreased  preload  and  increased  afterload . 
Abdominal compartment syndrome is the most 
likely cause for this patient’s clinical decline. If 
card iomyopathy or hypovolemia with ARDS 
were the etiology, pulmonary edema would be 
expected to be greater. Infection would not be 
expected to cause high airway pressures unless 
the infectious source was pulmonary that would  
likely be visible on CXR. Pulmonary embolism 
would  be a less likely cause of this patient’s 
symptoms. (5:1394; 6:332, 2634-43)

473.  (C) This patient has heparin-induced thrombo-
cytopenia (HIT) as a complication of therapy 
with low-molecular-weight-heparin (LMWH). 
The risk of HIT with LMWHs is about fivefold  
lower than with heparin, but HIT is still a risk 
of administration. In HIT, thrombocytopenia 
would  be the only expected  laboratory abnor-
mality unless the patient developed  bleed ing. 
Gravid  women have a number of risk factors 
for DIC, but the consumptive coagulopathy in 
DIC causes prolongation of the prothrombin 
and  partial thromboplastin times as well as 
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thrombocytopenia. A patient w ith p lacental 
abruption may develop DIC. Fetal heart tones 
are often nonreassuring in this setting. HELLP 
syndrome consists of hemolysis, elevated  liver 
enzymes, and  low platelets in a preeclamptic 
patient. Vitam in B12 d eficiency w ou ld  be 
expected  to cause a megaloblastic anemia. 
(5:215-6, 296, 1395, 1443; 6:862, 996)

474.  (B) Calcium concentrations are reduced in mas-
sive transfusion due to administration of 
citrated  blood  products. This effect is pro-
nounced in patients with liver dysfunction as 
citrate is metabolized in the liver. Calcium is 
necessary for smooth muscle and myocardial 
contractility as well as for clotting. Hypocalcemia 
reduces vascular tone and myocardial inotropy. 
Reduced calcium levels may also worsen coag-
ulopathy. Calcium may be repleted using intra-
venous calcium gluconate or calcium chloride. 
Calcium should not be given in an intravenous 
line being used for transfusion. Hypothermia is 
common in trauma patients and  in patients 
receiving massive transfusion. Although hypo-
thermia can decrease card iac function, this is 
unlikely to occur at >35°C. There is little evi-
dence that bicarbonate administration improves 
hemodynamics or vasopressor response, and  
bicarbonate has m any negative effects. 
Bicarbonate is typically reserved for severe met-
abolic acidosis (pH < 7.2). Bicarbonate should  
not be given if the patient will be unable to 
increase minute ventilation in response to the 
expected rise in PaCO2 produced by bicarbonate 
administration. Although increasing PEEP may 
improve oxygenation, it is unlikely to improve 
the hemodynamic picture is a patient with an 
SpO2 of 95% and no evidence of volume over-
load on TEE. This patient has no evidence of 
hypovolemia and a hemoglobin of 8.9 g/ dL. 
Transfusion of PRBC is unlikely to improve his 
hemodynamics. (5:1074, 1451-2; 6:166, 2222, 2230)

475.  (A) A fibrinogen level < 100 mg/ dL can lead  to 
a significant coagu lopathy. Fresh  frozen 
p lasm a con tains fibrinogen  and  w ou ld  
improve this patient’s coagulopathy, but cryo-
precipitate is the blood  component containing 
the h ighest concentration  of fibrinogen. 
Cryop recip itate w ou ld  be m ost likely to 

resolve a coagulopathy due to fibrinogen defi-
ciency. Platelet transfusion is unlikely to 
improve clotting in a patient with a p latelet 
cou n t of >100,000/ m m 3. H yp otherm ia-
induced  coagulopathy would  be expected  at 
temperatures below 35°C. DDAVP is used  to 
treat bleed ing due to some subtypes of von 
Willebrand  d isease or severe kidney d isease. 
(1:712-4; 5:209, 1443, 1446, 1451; 6:2316)

476.  (A) The mortality associated  with renal failure 
in critically ill patients is 23-64%. This patient 
is at risk for prerenal, postrenal, and  intrinsic 
causes of renal failure. Urinary obstruction is a 
less likely cause in a patient still making urine, 
but flushing or replacing the urinary catheter 
p lus imaging could  ru le out this important eti-
ology of renal failure. This patient has a FENA 
=  3%, a BUN/ creatinine ratio < 20:1, a urine 
Na > 40 mEq/ L, and  a urine osmolality < 350 
mOsmol/ L H 2O. This set of laboratory values 
makes an intrinsic cause of renal failure more 
likely than a prerenal cause. Urinalysis with-
ou t white or red  blood  cells (which might 
implicate glomerulonephritis or acute intersti-
tial nephritis) plus the clinical circumstance of 
p rolonged  hypotension make acu te tubu lar 
necrosis the most likely etiology for th is 
patient’s acute kidney injury. (5:1365-6, 1395; 
6:334-8)

477.  (E) There are four parts to the treatment of 
hyperkalemia. First, stabilize the irritable myo-
card ium with calcium. Second , d rive potas-
sium  intracellu larly. Insu lin  +  glucose or 
inhaled β2 agonists may be used  for this pur-
pose. These are temporizing measures. Third , 
eliminate potassium from the body. Potassium-
wasting d iuretics, renal replacement therapy 
or cation exchange resins may reduce the total 
body potassium load . Fourth, treat the under-
lying cause of hyperkalemia. (1:1291; 5:1074; 
6:355-9)

478.  (D ) Rhabdom yolysis is a cause of renal fail-
u re and  electrolyte abnormalities in  critically 
ill patients. Expected  laboratory abnormali-
ties inclu d e hyp erkalem ia and  hyp erp hos-
p hatem ia d u e to release of in tracellu lar 
p otassiu m . Metastatic tissu e d ep osition  of 



352     18: Critica l Care  Medicine

calcium phosphate resu lts in  hypocalcem ia. 
(5:148-9; 6:356, 362, 2303, 3089)

479.  (D) This patient presents with dyspnea, chest 
pain, and  shock. The d ifferential d iagnosis for 
this constellation of symptoms and  find ings 
would  be broad , including pneumonia, empy-
ema, pulmonary embolism (PE), pneumotho-
rax, m yocard ial ischem ia, m yocard itis, 
pericard itis/ pericard ial effusion with tampon-
ade, esophageal or gastric perforation, pancre-
atitis, cholangitis, and  aortic d issection. A 
normal temperature, an INR > 3, and  an ECG 
without acute ST changes makes infection, PE, 
or myocard ial ischemia unlikely. The patient’s 
history of breast cancer makes malignant peri-
card ial d isease more likely. Echocard iography 
is the test most likely to identify pericard ial 
effusion/ tamponad e as the sou rce of this 
patient’s shock. (6:102-7, 2267-8)

480.  (B) The d ifferential d iagnosis for new-onset 
seizures in an adult includes trauma, alcohol 
w ithd rawal, illicit d rug use, cerebrovascular 
d isease, brain tumor, metabolic d isorders, and  
neurodegenerative d iseases. This patient was 
found  to have a frontal mass on head  CT. 
Patients w ith seizures due to symptomatic 
brain metastases should  be treated  with anti-
convulsant therapy (to increase the seizure 
threshold ) and  d examethasone (to red uce 
tumor related  edema). CSF d iversion, intuba-
tion and  hyperventilation, mannitol, and  
decompressive craniectomy would  be treat-
ments for increased intracranial pressure (ICP). 
This patient is unlikely to have elevated ICP, as 
she has a normal neurologic examination and  
sharp  optic d isks. (1:1755; 6:2271-2, 3258)

481.  (A) A sentinel article published in 2006 demon-
strated  that a bundle of the following five evi-
d ence based -p roced u res cou ld  red uce the 
incid ence of central line-associated  blood 
stream infections (CLABSI) in a sustained fash-
ion: hand washing, use of full-barrier precau-
tions during line insertion, chlorhexid ine skin 
preparation, avoidance of femoral site, and  
removal of unnecessary central lines. While 
other measures may be useful at preventing 
CLABSI, the former bundle was shown effective 

across more than 100 ICU’s and  has been 
widely adopted  in critical care units. (5:226, 
234, 1319; 6:1114, 1116)

482.  (D) This patient likely has propofol infusion 
syndrome, a rare but highly fatal and  poorly 
understood  complication of propofol. It has 
been most commonly described  in critically ill 
children who are sedated on high doses of pro-
pofol for a p rolonged  period , although the 
exact dose and  duration of propofol exposure 
to p rod u ce the synd rom e is u nknow n. 
Characteristic features include rhabdomyoly-
sis, metabolic acidosis, and  worsening hypo-
tension despite pressor/ inotropic support. The 
course typically proceeds to cardiac, renal, and 
other organ failu re before eventual d eath. 
Card iac effects may manifest as dysrhythmias, 
including bradycardia. The pathophysiology is 
believed  to involve propofol impairment of 
free fatty acid  u tilization by the mitochondria 
lead ing to failu re of the electron transport 
chain, low cellu lar energy production, and  cell 
death. Treatment is d iscontinuation of propo-
fol, and  support of organ failure. (1:537; 5:693)

483.  (C) The figure depicts pressure control ventila-
tion (PC). In this mode, the clinician sets a 
pressure limit, respiratory rate, and inspiratory 
time. Inspiratory flow occurs in an exponen-
tially descending waveform and the pressure 
applied  to the airway is constant. Tidal volume 
is the dependent variable such that d iminished  
pulmonary compliance, as in the case of this 
patient with increasing abdominal d istention, 
resu lts in  d im inished  m inu te ventilation . 
(5:1406-9; 6:2211-2)

484.  (D) The d isorder is characterized  as a mixed  
resp iratory acidosis and  metabolic acidosis. 
The pH for a simple acute respiratory acidosis 
with a PaCO2 = 55 would  be 7.28. This patient’s 
pH is lower, suggesting a mixed respiratory and  
metabolic acidosis. In addition, the base deficit 
(or negative base excess) in the setting of ongo-
ing bleed ing likely represents unmeasured  
anions due to lactic acid . (5:525-31; 6:364-6)

485.  (B) The d ifference between the tw o depicted  
values is pulse pressure variation, the difference 
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between maximal and  minimal pulse pressure 
values during one mechanical positive pres-
sure breath d ivided  by the mean of these two 
values. It is only one of the available dynamic 
ind ices that u tilize arterial w aveform contour 
during positive p ressure mechanical ventila-
tion as a pred ictor of card iovascu lar response 
to flu id  ad ministration. Another ind ex that 
has been stud ied  is systolic p ressu re varia-
tion, the largest d ifference between the sys-
tolic p ressu re d u ring one breath . Systolic 
p ressure variation may be fu rther character-
ized  into ”delta up ,” the d ifference between 
baseline systolic pressure during apnea and  
the highest systolic pressure occurring imme-
d iately after d elivery of a positive p ressu re 
breath , and  ”d elta d ow n,” the d ifference 
betw een baseline systolic p ressu re d u ring 
apnea and  the lowest systolic p ressure occur-
ring following the increased  systolic pressure 
after one mechanical positive pressure breath. 
A hypovolemic patient will have a more exag-
gerated  arterial waveform response to posi-
tive p ressu re ven tilation  becau se venou s 
retu rn  is m ore im paired , m ore lung units 
behave as West Zone 1 (where airw ay pres-
sure increases RV afterload ), and  the ventri-
cles are more sensitive to p reload  changes 
w hen operating on  the steep  part of the 
Starling curve (such as is generally present with 
hypovolemia). (5:425-6; 6:2199; Michard, F. 
Anesthesiology 2005; 103:419-28)

486.  (E) The pulse pressure variation in this patient 
is greater than 12% that suggests that the 
patient is flu id  responsive, i.e., flu id  adminis-
tration is expected  to result in an increase in 
stroke volume. Whether or not flu id  should  be 
administered  depends on the clinical context 
and  the risks of flu id  administration in the 
ind ividual patient. In this case, the patient has 
ongoing bleed ing, hypotension, and  evidence 
of abdominal compartment syndrome (tense 
abdomen, oliguria, and  d iminished  pu lmo-
nary compliance). Fluid  administration is rea-
sonable until more definitive treatment of 
abdominal compartment syndrome (e.g., sur-
gical decompression) is performed. Support of 
the blood pressure with a vasopressor while 
flu id  resuscitation is undertaken is reasonable 

if necessary to prevent precipitous decline in 
perfusion, but vasopressors should  be viewed 
as only temporizing in treatment of hypovole-
mia. (5:424-8; 6:425, 1394)

487.  (A) The Fisher Grad ing Scale describes the 
amount of intracranial blood  seen on head  CT 
scan after subarachnoid  hemorrhage (SAH). 
Progression from Fisher Grade 2 to Fisher 
Grade 3 describes an increase in subarachnoid  
blood, likely due to rebleeding. Rebleed ing is 
a poor prognostic sign in patients with sub-
arachnoid  hemorrhage due to aneurysmal rup-
ture. Risk of rebleed ing is highest in the first 
24 h (up to 8%), and  the associated  mortality is 
greater than 50%. Hypertension is a risk factor 
for rebleed ing. Even transient hypertension 
during intubation can be devastating. As a 
resu lt, hypertension d u ring laryngoscopy 
should  be avoided  and  aggressively treated . 
Elevated  ICP, seizures, and  vasospasm are 
other complications of SAH, but they would  
not cause an increase in intracranial hemor-
rhage. Vasospasm is usually not apparent until 
>72 h after the hemorrhage. (5:885-7)

488.  (C) SIMV is a ventilatory mode that employs a 
combination of spontaneous breaths and  ven-
tilator d elivered  breaths. It may be either 
volume or pressure targeted . The clinician sets 
a rate and  target on the ventilator and  the ven-
tilator aims to deliver the breath synchronized  
to patient inspiratory effort, i.e., the ventilator 
waits a set period  of seconds and , if the patient 
triggers, the inspiration is timed to coord inate. 
If after the programmed wait period, no breath 
is detected , then a mandatory breath is deliv-
ered . Spontaneous breaths are not supported  
by the ventilator in this mode. Advantages 
include exercise of the d iaphragm and , with 
d iaphragmatic motion, better V/ Q matching 
to West zone III lung. Additionally, SIMV may 
decrease mean intrathoracic pressure, thereby 
reducing RV afterload  and  improving card iac 
output. One d isadvantage to SIMV, however, 
is a demonstrated  increased work of breathing, 
particularly as the set rate on the ventilator is 
d im inished . Increased  w ork of breathing 
during SIMV weaning is also associated  with 
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patient-ventilator d yssynchrony. (5:1410-1; 
6:2211-2)

489.  (A) The patient’s acid-base d isorder is a mild  
metabolic acidosis without an increased  anion 
gap. The most likely d iagnosis is intraopera-
tive resuscitation w ith 0.9% NaCl (normal 
saline) intravenous solution that is commonly 
used  during neurosurgical procedures because 
it is slightly hypertonic compared  to p lasma 
and  theoretically m ay p rovid e benefit in 
d iminishing brain edema. However, adminis-
tration of large quantities of normal saline 
causes a hyperchloremic metabolic acidosis 
with normal anion gap as a result of d ilutional 
acidosis. The clinical significance of this acid -
base d isorder remains to be elucidated , bu t 
likely does not carry as poor a prognosis as 
lactic acidosis. Loop d iuretic administration 
generally causes a metabolic ”contraction” 
alkalosis. Propofol infusion syndrome and cya-
nide toxicity due to nitroprusside both cause 
an elevated  anion gap metabolic acidosis due 
to lactic acidosis. (1:796; 5:508, 528, 535-6)

490.  (D) Dopamine is an adrenoceptor agonist that 
acts at α, β1, and dopaminergic receptors. It is a 
recommended first-line agent for the treatment 
of fluid-resuscitated  patients in septic shock. 
Although it has theoretical benefits of splanchnic 
and renal circulatory dilatation, it has not been 
shown to produce superior outcomes when com-
pared to norepinephrine. Studies suggest, how-
ever, a higher incidence of tachycard ia and 
dysrhythmia with dopamine compared to nor-
epinephrine. Norepinephrine is a more potent 
adrenergic agonist than dopamine. (1:288; 5:1373)

491.  (B) This patient is su ffering from traumatic 
brain injury (TBI) with CT evidence of sub-
arachnoid , ep idural, and  intraparenchymal 
hemorrhage. There is mass effect on the left 
lateral ventricle, and  left to right midline shift, 
find ings that suggest elevated  intracranial 
p ressu re (ICP). Emergent treatm ent goals 
include avoidance of further elevation of ICP 
that might precipitate herniation, correction of 
hypotension and  hypoxemia, and  med ical 
management of elevated  ICP until more defin-
itive surgical management can be employed. 

Priorities for management include endotra-
cheal intubation, carefully performed to avoid  
further exacerbation of hypotension, hypercar-
bia, or hypoxia. H yperventilation may be 
employed  for brief periods of time until defin-
itive surgical management occurs, but signifi-
cant cerebral vasoconstriction, which occurs 
with PaCO2 < 30 mm Hg, may in fact worsen 
cerebral hypoperfusion, leading to poor out-
comes. Optimal ventilation is to maintenance 
of PaCO2 35-40 mm Hg. Hemodynamic support 
for this patient shou ld  include crystalloid  
volum e resuscitation, avoid ing hypotonic 
solutions such as lactated  Ringer solution that 
may worsen brain edema and ICP. 5% albumin 
shou ld  be avoid ed  in  the resuscitation of 
patients with traumatic SAH since it is associ-
ated  w ith poor ou tcomes. Blood  p ressu re 
should  be supported  with vasopressors (phen-
ylephrine, norepinephrine) to cerebral perfu-
sion pressure > 60 mm Hg. Hypertonic saline 
in 23.4% solution, administered over 10-30 min, 
can be used  to urgently reduce elevated  ICP. 
Head of bed  elevation is important to facilitate 
venous drainage from the brain. While CPP =
MAP −  ICP under conditions of elevated intra-
cranial p ressure, under normal cond itions, 
CPP =  MAP −  CVP. Thus, head  of bed  eleva-
tion should  be employed , and  Trendelenburg 
position avoided in patients at risk for intracra-
nial hypertension. Unlike vasogenic edema 
due to tumors, glucocorticoids play no role in 
treatment of traumatic ICP elevation. In this 
case, neurosurgical treatment options include 
ventriculostomy to d rain CSF and  reduce ICP, 
and  craniectomy with removal of bone flap  to 
provide decompression of the swollen brain 
parenchyma. (1:682; 5:537, 1360-1; 6:2221)

492.  (D) Septicemia is the presence of microbes or 
their toxins in blood . SIRS is present when 
there are two or more of the following: oral 
temperature > 38°C or < 36°C, respiratory rate 
> 24 breaths/ min, heart rate > 90 beats/ min, 
white blood cell count > 12,000 or < 4,000/ mm3,
or > 10% bands. SIRS may have a non-infectious 
etiology. Sep sis is SIRS w ith  a  p roven  or 
su spected  microbial etiology. Severe sepsis is 
defined  as sepsis w ith one or more signs of 
organ dysfunction. Septic shock is defined  as 
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sepsis p lus hypotension/ need  for vasopressor 
support despite adequate flu id  resuscitation. 
This patient has fever, leukocytosis, an infec-
tious source, and  neurologic and  renal dys-
function, m aking severe sepsis the m ost 
appropriate d iagnosis. (6:2223)

493.  (E) This patient has oliguria despite an ade-
quate blood  pressure and  CVP. Although it 
would  be appropriate to initiate a work-up for 
his oliguria (includ ing flushing the u rinary 
catheter, urine studies, and  renal u ltrasound), 
the most appropriate next step in management 
is to start antibiotic treatment. Antibiotics 
w ould  add ress the underlying cause of his 
sepsis with organ dysfunction and  should  be 
initiated  without delay. It is appropriate to per-
form a neurologic evaluation and  consider the 
possibility of an intracranial process in this 
confused  patient, however, if delirium is the 
cause of his mental status changes, then neuro-
imaging may not be helpful. (6:196-200, 579)

494.  (B) Volume resuscitation is an integral part of 
shock management. In add ition to a variety of 
d ifferent crystalloids, gelatins, dextrans, albu-
min, starches, and  blood  components have 
been used  to expand the intravascular volume. 
Debate continues over the most appropriate 
resuscitation flu id  with d ifferences in blood  
volume effect, edema formation, antiinflam-
matory effect, cost and  risk of anaphylaxis, 
coagulopathy, renal failure, and  pruritis domi-
nating the debate. Hydroxyethyl starch solu-
tions have been associated  with an increased  
risk of acu te renal failu re in  critically ill 
patients. (6:1399-1400)

495.  (E) Decreased  FRC and  ERV are the most 
common PFT abnormalities in obese patients. 
Chest wall compliance is decreased  in obese 
patients due to ad ipose tissue in the chest wall 
and  abdomen. Diminished  outward  recoil of 
the chest results in d iminished  FRC and  ERV. 
Diminished  FRC can result in lung volumes 
less than closing capacity at normal tid al 
volume lead ing to atelectasis. These changes 
are exacerbated  in the perioperative period  by 
d iaphragmatic dysfunction, pain with d imin-
ished  cough and  secretion clearance, and  

hypoventilation due to sedative medications. 
RV is usually unchanged . TLC may be near 
normal in obesity, but d iminishes with increas-
ing BMI. FEV1/ FVC is normal since both 
values are d iminished  relatively equally in 
obesity. Diffusing capacity is usually preserved  
unless pulmonary hypertension is present in 
w hich case this value is reduced . (5:302-3; 
6:2093)

496.  (C) Atelectasis and  hypoventilation are the 
most common causes of hypoxemia in the 
PACU. Obesity and  abdominal surgery will 
both increase the risk. Sup ine positioning 
intraoperatively, postoperative d iaphragmatic 
dysfunction, and  painful respiration promote 
atelectasis. Op ioid  analgesics may w orsen 
hypoventilation. Hypoventilation and  provi-
sion of supplemental oxygen postoperatively 
further contribute to atelectasis. The wife’s his-
tory suggests that this patient has a high likeli-
hood of undiagnosed  obstructive sleep apnea 
(OSA) based  on the following 4 (of 8) risk fac-
tors identified  in the ”STOP-BANG” score: 
snoring, daytime sleepiness, BMI > 35, and  
male gender. The remaining risks assessed  for 
in STOP-BANG are observed  apneic periods 
during sleep, high blood pressure, age > 50, 
and  neck circumference > 40 cm. Residual 
anesthetic agents and  postoperative opioids 
contribu te to upper airw ay obstruction in 
patients with OSA due to impaired  pharyngeal 
d ilator function that causes pharyngeal col-
lapse. (5:304-5; 6:2184)

497.  (D) These three measures are reasonable first 
m anagem ent steps to see if the patient’s 
hypoventilation and hypoxemia can be quickly 
reversed , potentially avoid ing need  for ICU 
management. The opioid  antagonist naloxone 
in small, incremental doses (40 mcg IV) may be 
used  to attempt to reverse respiratory depres-
sion without fully reversing analgesic effect. 
Flumazenil is a reversal agent for benzodiaz-
ep ines, bu t, u n like naloxone, p rim arily 
reverses the CNS depressant effects with no or 
incomplete reversal of the respiratory depres-
sant effects of benzod iazepines. In this case, 
therefore, where reversal of respiratory depres-
sion is the priority, naloxone should  be the first 



356     18: Critica l Care  Medicine

choice agent. A trial of NIPPV may be helpful 
to reverse hypoventilation if the patient will 
tolerate the tight-fitting mask and  has intact 
protective airway reflexes. Head  of bed  posi-
tioning at 45 degrees, by utilizing gravity to 
reduce impingement of abdominal contents on 
the d iaphragm, may improve lung and  chest 
w all compliance, d iminish atelectasis, and  
improve ventilation. Additionally, this position 
p rovides superior p reoxygenation of obese 
patients compared  to supine when preparing 
for anesthetic induction and  it may be useful if 
the patient deteriorates, requ iring endotra-
cheal intubation. An ABG may be performed  
after initial steps are taken to correct the 
patient’s hypoxemia. Similarly, nasogastric 
tube decompression may be performed later if 
gastric d istention is deemed an important con-
tributor to d iminished pulmonary compliance. 
H ydromorphone carries similar resp iratory 
depressant risks as morphine and  should  be 
avoided  at present. (1:511, 656; 5:312, 314-5, 
699, 1287)

498.  (C) The patient likely has cor pulmonale (pul-
monary hypertension and  right ventricu lar 
hypertrophy and  d ilation). This is could  be 
attribu table to obesity-hypoventilation syn-
drome (OHS) that affects approximately 10% 
of morbid ly obese patients. OHS occurs in the 
setting of chronic hypoventilation that leads to 
pulmonary hypertension and  RV failure. The 
acute deterioration occurring following endo-
tracheal intubation is secondary to acu tely 
decreased  RV preload  and  increased  RV after-
load  associated  with positive pressure ventila-
tion. Findings on TTE include evidence of RV 
hypertrophy and  d ilation, elevated  estimated  
systolic pulmonary artery pressure, paradoxi-
cal motion of the intraventricular septum due 
to RV overload , and  a small LV due to d is-
placement of the intraventricular septum by 
the d ilated  RV. Although LV failure is the most 
common cause of cor pulmonale, if this were 
the case in this patient, one would  expect to see 
rad iographic evidence of pulmonary edema in 
this clinical setting. (6:1913-15)

499.  (C) This patient has sep tic shock, a form  of 
d istribu tive shock. Initiation of mechanical 

ventilation in this setting may be expected  to 
worsen hypotension due to 1) reduced work of 
breathing d iminishing endogenous catechol-
amine levels; 2) positive pressure ventilation 
reducing venous return; and  3) sedative d rugs 
causing vasodilation or depressed  myocard ial 
contractility. Positive p ressu re ventilation 
increases right ventricu lar afterload , bu t 
reduces left ventricular afterload , potentially 
improving left ventricu lar stroke volume in 
patients with LV dysfunction. Ketamine does 
not cause histamine release (1:539; 6:2199)

500.  (D ) Au to positive end -exp iratory p ressu re 
(”auto-PEEP”) is an alveolar pressure above 
the airway opening pressure. Causes include 
flow limitation, dynamic hyperventilation, and  
a high minute ventilation. Patients with COPD 
often have auto-PEEP that may impair trigger-
ing of the ventilator and  may cause patient-
ventilator dyssynchrony. (5:1411, 1413, 1416, 1419)

501.  (E) In pressure assist/ control ventilation, tidal 
volume varies based  on the peak pressure set-
ting. Secretions that obstruct the endotracheal 
tube will result in a higher peak inspiratory 
pressure, thereby d iminishing tidal volume. 
Assum ing no change in  resp iratory rate, 
minute ventilation will decrease. (5:1407)

502.  (D) This patient has sepsis and, as is common in 
the presentation of sepsis, he is hypovolemic. To 
treat the hypotension, he should first be volume 
resuscitated , in this case using crystalloid  to 
target a CVP of 8-12 mm Hg. There is evidence 
that outcome from septic shock is improved  
with ”early goal-directed therapy” that employs 
a stepwise fashion of rapid  interventions to 
address the hypoperfused state. Current recom-
mendations by the Surviving Sepsis Campaign 
include initial fluid resuscitation with crystal-
loid to a minimum dose of 30 mL/ kg and con-
tinued fluid challenge if there is improvement 
in dynamic or static hemodynamic parameters.  
Hydroxyethyl starches should  not be used to 
resuscitate septic patients because these prod-
ucts are associated  with an increased  risk of 
kidney injury in this setting. Other recommen-
dations include that norepinephrine be the ini-
tial vasopressor choice with epinephrine added 
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if the MAP goal of 65 mm Hg cannot be achieved  
with norepinephrine alone. Inotropic support 
should be initiated  with dobutamine trial if the 
MAP goal has been achieved but there are ongo-
ing signs of hypoperfusion. Blood transfusion is 
recommended to target a hemoglobin concen-
tration of 7-9 g/ dL in clinical circumstances 
where active hemorrhage or myocardial isch-
emia is not present. It is important to note that 
at the time of publication of this book, there are 
several multinational, multicenter trials ongo-
ing to determine the adequacy of these goals 
and their impact on patient outcomes. Note that 
these recommendations may change during the 
publication cycle of this book. Current recom-
mendations may be viewed at the website www.
survivingsepsis.org. Current goals of resuscita-
tion in septic shock include a mean arterial pres-
sure (MAP) > 65 mm Hg, urine output > 0.5 mL/
kg/ h, and ScvO2 > 70%. (5:543; 6:2228-31)

503.  (C) Current Surviving Sepsis Campaign guide-
lines suggest that in this case, where the MAP 
goal has been achieved , but there are ongoing 
signs of hypoperfusion (low ScvO2), a trial of 
inotropic support with dobutamine, up to 20 
mcg/ kg/ min, should  be added . Treatment of 
impaired  contractility due to septic shock may 
be ind ividualized  to the patient but a few gen-
eral princip les apply. Increasing the norep i-
nephrine dose is not recommended since the 
MAP goal has been achieved  in this patient. 
Milrinone is a phosphodiesterase inhibitor that 
inhibits d egradation of cAMP resu lting in 
improved myocard ial contractility and  relax-
ation; it also reduces systemic and  pulmonary 
vascular resistance, and  thus decreases ven-
tricular afterload . It is a useful d rug for treat-
ment of heart failu re bu t may exacerbate 
hypotension in septic shock. Dobutamine is a 
β 1 and  β 2 agonist (β 1 >> β 2) that increases 
m yocard ial con tractility and  therefore 
increases card iac ou tpu t. Tachycard ia from 
dobutamine is less common than with some 
other ad renergic agents, although tachydys-
rhythmias may be a side effect that requires 
dose reduction or d iscontinuation of the d rug. 
Many patients in septic shock will require both 
a vasopressor (e.g., norepinephrine) for α1-
m ed iated  vasoconstr ictive effects, and  an 

inotrope (e.g., dobutamine) to enhance card iac 
contractility. Vasopressin acts at peripheral 
vasopressin (V1) receptors to cause vasocon-
striction. It is effective despite acidosis and  
may be useful in septic shock. It may be also be 
beneficial in replenishing vasopressin levels in 
the relative vasopressin d eficient state of 
sepsis. Generally, vasopressin may be added as 
a vasopressor when patients are receiving high 
doses of standard  α-agonists without accept-
able response of blood  pressure or to d iminish 
the dose of norepinephrine required to achieve 
the MAP goal. However, one study (VASST) 
suggested  that the best benefit of vasopressin 
in the care of patients with septic shock may be 
in those with less severe shock. Epinephrine is 
an effective vasopressor and  inotrope bu t is 
associated  with significant risk of tachydys-
rhythmias and , perhaps, gu t ischemia. For 
these reasons, it is not considered  a first line 
therapy (as is norepinephrine) for treatment of 
sep tic shock. (1:301, 322, 805; 5:1373; 6:1373, 
2:2229-30)

504.  (E) The figure shows a large pericard ial effu-
sion w ith right atrial and  right ventricu lar 
compression. Pulsus paradoxus > 12 mm Hg is 
an extremely sensitive ind icator of pericard ial 
tam ponad e in  the p resence of pericard ial 
effusion. Tamponade is consistent w ith the 
patient’s symptoms, vital signs, and  echocar-
d iographic findings. (6:1830)

505.  (C) Im m ed iate p ericard iocentesis is the 
treatm ent for life-threaten ing p ericard ial 
tamponade. (6:2268)

506.  (D) Aspiration may have no, mild , or severe 
effects depending on the quantity and  charac-
ter of the asp irated  material, patient response, 
and  und erlying m ed ical cond ition. In  th is 
case, asp iration of fecu lent material may be 
anticipated  to p rovoke severe lung in ju ry 
w ith  system ic effects (e.g., hyp otension). 
Since the asp irated  contents are solid , bron-
choscopy should  be performed  to remove the 
particu late. Bronchoalveolar lavage, however, 
is not recommended  after asp iration. Prone 
ventilation may be beneficial in patients w ith 
ARDS, although a definitive outcome benefit 
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has not been proven. Chest CT is not likely to 
p rovid e u sefu l d iagnostic inform ation  to 
change management and  the transfer to the 
rad iologic su ite m ay be hazard ous to the 
patient w ith  her cu rrent card iopu lm onary 
instability. There is no role for hyperbaric 
oxygen in the treatment of asp iration. (5:1288; 
6:1334, 2137, 2141, 2205)

507.  (C) Unlike patients who aspirate liquid  gastric 
contents, this patient should  be treated  with 
antibiotics due to the expected  bacterial con-
centration of the small bowel contents. Sodium 
bicarbonate administration in this patient may 
worsen acidosis if the lung injury is severe 
enough to cause ventilation impairment. This 
is due to the conversion of sodium bicarbonate 
to CO2 that is eliminated via the lungs. If severe 
acidosis requiring treatment exists in a patient 
w ith severe lung injury or ARDS, consider-
ation should  be given to using THAM (tro-
methamine), a hyd rogen ion accep tor that 
functions as a buffering agent without produc-
ing CO2. (5:532, 1074, 1288)

508.  (D) Critical myocard ial blood flow is associ-
ated  with an aortic d iastolic blood  pressure 
> 40 mm Hg. CPR is unlikely to result in return 
of spontaneous of circu lation if a d iastolic 
blood  pressure > 40 mm Hg is not achieved  
during chest compressions. (5:1423, 1427)

509.  (D) Maintaining high quality, uninterrupted  
chest compressions is critical to the success of 
CPR. Current adult ACLS guidelines call for 
chest compressions that depress the sternum 
2 inches (5 cm) with 50% compression time at a 
rate of 100 compressions/ min. Interruptions in 
chest compressions should be minimized and  
should never be greater than 10 sec long. (5:1423, 
1428)

510.  (D) The only consistently successful treatment 
of ventricular fibrillation (VF) is defibrillation, 
and  the earlier defibrillation occurs, the more 
likely the patient is to survive. As a result, the 
first priority for a patient in ventricular fibril-
lation shou ld  be d efibrillation if it can be 
accomplished  within 5 min of arrest. If greater 
than 5 min has lapsed since the patient arrested, 

2-3 min of chest compressions should  be per-
formed prior to defibrillation. This will reduce 
the myocard ial oxygen debt and  increase the 
chances of successful defibrillation. Intubation 
should  not delay defibrillation. Current energy 
recommendations for defibrillation are 360 J 
for a monophasic defibrillator. For a biphasic 
defibrillator, the appropriate energy is device 
specific, but 200 J is recommended if the device 
specific setting is unknown. A patient in ven-
tricular fibrillation cannot be card ioverted  as 
there is no organized rhythm. Epinephrine and  
amiodarone are reserved for after defibrillation 
has been attem p ted . Chest com pressions 
should  be resumed  immediately after a defi-
brillation attempt (w ithou t pausing for a 
pulse/ rhythm check). (5:1430-1, 1433)

511.  (B) The low flow conditions of CPR result in 
low pulmonary blood flow and a substantial 
increase in dead  space due to lack of perfusion 
to nondependent alveoli. This increased  dead  
space will d ilu te the alveolar CO2 of perfused  
lung units resulting in a low end-tidal CO2 that 
correlates poorly with arterial CO2. When flow 
increases (due to improved  CPR), there is an 
increase in end-tidal CO2 due to a decrease in 
dead  space (more lung units are perfused). As 
a result, end-tidal CO2 correlates well with car-
d iac output during CPR. Current ACLS guide-
lines recommend end-tidal CO2 monitoring as 
a noninvasive means of monitoring the ade-
quacy of chest compressions. An end-tidal CO2
< 10 mm Hg is unlikely to result in successful 
resuscitation. An end-tidal CO2 in this range is 
a marker of the need  to improve the delivered  
chest compressions. An increase in end-tidal 
CO2 can also act as an early sign of return of 
spontaneous circulation. (5:1423, 1427-8)

512.  (D) Current ACLS guidelines recommend 6-8 
breaths/ min (2 sec pause for 2 breaths after 
every 30 compressions) for patients receiving 
CPR w ithou t an advanced  airw ay and  8-10 
breaths/ min (without interrupting chest com-
pressions) for patients receiving CPR with an 
advanced  airw ay. Hyperventilation inhibits 
effective chest compressions and  shou ld  be 
avoided . (5:1426)
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513.  (B) Post-arrest care should  focus on stabilizing 
the patient, on treating precipitating causes for 
the arrest, and  on beginning therapeutic hypo-
thermia in appropriate patients. Two studies 
have demonstrated  improved  neurologic out-
comes when survivors who remain comatose 
after return of spontaneous circulation receive 
12-24 h of therapeutic hypothermia. Hyperoxia 
and  oxygen free radicals worsen brain reperfu-
sion injury. As a result, FIO2 should  be titrated  
to the lowest level that allows maintenance of 
an oxygen saturation > 94%. If ischemia is sus-
pected , card iac catheterization shou ld  be 
sched uled  p romptly. It is not necessary to 
delay catheterization due to institution of ther-
apeutic hypothermia. Neurologic prognosis is 
d ifficult to pred ict in the first 72 h post-arrest, 
and  no clinical signs can reliably pred ict poor 
neurologic outcome in the first 24 h post-arrest. 
There is no role for mannitol, a treatment for 
increased  intracranial pressure, in immediate 
post-arrest management. (5:1423, 1435)

514.  (D) Cerebral salt wasting is a form of hypovo-
lemic hyponatremia. Laboratory find ings are 
notable for low serum sod ium (< 135 mEq/ L), 
low  p lasma osmolality, u rine sod ium > 40 
mEq/ L, high urine osmolality (>100 mOsm/ kg). 
The mechanism of salt loss via the kidneys is 
poorly understood . Cerebral salt wasting most 
commonly occurs in patients with subarach-
noid  hemorrhage. (6:345)

515.  (C) Congestive heart failure is associated  with 
hypervolemic hyponatremia due to neurohu-
moral activation. Low card iac output with a 
reduced  effective circu latory volume to the 
kidneys causes renal sodium retention, but a 
proportionately greater increase in total body 
w ater that lead s to hyponatrem ia. Urine 
sodium is low as the renal excretion of sod ium 
is limited . In this circumstance, systolic pres-
sure variation < 5 mm Hg is consistent with 
flu id  nonresponsiveness. (5:89, 425; 6:345)

516.  (G) Central d iabetes insipidus (DI) may be 
seen in traumatic brain injury due to impaired  
ADH release from a damaged hypothalamus. 
It is a common feature seen in patients who are 
brain dead , characterized  by an absence of 

brain stem reflexes, and  absence of respiration 
on apnea testing. Characteristic laboratory 
features are hypernatremia, increased  serum 
osmolality, and  an inappropriately d ilute urine 
(low  u rine osmolality). Withou t treatment 
with vasopressin or desmopressin (DDAVP), 
patients are at risk for severe hypovolemia 
w ith  associated  hem od ynam ic instability. 
(5:516; 6:340)

517.  (E) This patient has evidence of hypovolemia 
based on hyponatremia, normal plasma osmo-
lality, low urine sod ium and, most sensitively, 
a pulse pressure variation > 12%. Pulse pres-
sure variation (PPV) may be used  as a determi-
nant of flu id  responsiveness in patients on 
positive pressure ventilation who have an arte-
rial catheter monitoring blood pressure. PPV is 
measured  during a single positive pressure 
breath, and  is equal to the d ifference between 
maximal and  minimal pulse pressure values 
d ivided  by the mean of these maximum and 
minimum values. It is usually described  as a 
percentage, and  has the best d iscriminative 
ability for p red icting flu id  responsiveness 
among current resp iratory variability-based  
indices (e.g., systolic pressure variation, delta 
down, stroke volume variation). (5:425; 6:345)

518.  (B) Hepatorenal syndrome is a complication of 
hepatic cirrhosis w ith associated  significant 
ascites. The pathophysiology involves severe 
renal vasoconstriction that produces oliguria 
and  an elevated  creatinine despite total body 
volume overload . H yponatremia and  urine 
sod ium < 10 mEq/ L are characteristic. When 
severe, prognosis for recovery is poor without 
liver transplantation. (5:1052; 6:2306, 2601)

519.  (D) Severe burn injury (especially when TBSA 
burned  exceeds 25%) resu lts in significant 
tissue trauma, a generalized capillary leak syn-
d rome, and  hypovolemic shock. Although 
burn injury can also be complicated  by myo-
card ial depression, an elevated  hematocrit acts 
as a marker for hypovolemia and  suggests the 
need for significant resuscitation. A low central 
venous pressure, card iac output, and  venous 
oxygen saturation is consistent with hypovole-
mic shock. (5:1334-5; 6:2219)
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520.  (B) The d ifferential d iagnosis for postpartum 
hypotension includes infection, hypovolemia, 
pulmonary or venous air embolism, cardiomy-
opathy, and  endocrine abnormalities. A central 
venous pressure of 15 mm Hg and a hemoglo-
bin concentration of 9 g/ dL make hypovole-
mia or underresuscitated  sep tic shock less 
likely. A patient with hypotension, tachycardia, 
cool edematous extremities, and  an elevated  
CVP could  have an air embolism or a card io-
myopathy. An embolism causing this degree of 
hypotension, however, would  be expected  to 
have a greater effect on oxygenation. As a 
result, postpartum card iomyopathy is a more 
likely cause of the patient’s symptoms. (6:1961, 
2171-2)

521.  (F) The d ifferential d iagnosis for chest pain is 
broad , bu t the most likely d iagnoses in a 
patient with acute onset of chest pain and  dys-
pnea are acute coronary syndrome (ACS) and  
pulmonary embolism (PE). An ECG without 
ST changes does not support the d iagnosis of 
ACS. This patient’s clinical picture is consistent 
w ith PE. The incid ence of DVT after hip  
rep lacement surgery in patients who do not 
receive thromboprophylaxis is estimated  to be 
as high as 80-90% (with a 2% incidence of fatal 
PE). A large embolism burden is required  to 
cause hypotension. As a result, a patient with 
PE causing hypotension would  be expected  to 
have a large A-a gradient and difficult to main-
tain oxygenation. Sinus tachycardia is the most 
frequent ECG abnormality in  PE. (5:1204; 
6:102-7, 2170-2, 2177)

522.  (A) Children with spina bifida have a 28-67% 
incidence of latex allergy. Intraoperative expo-
sure to surgical gloves can lead  to anaphylaxis 
due to mucosal absorption of latex proteins. 
Card iovascular collapse and  resp iratory d is-
tress are the most common signs of anaphy-
laxis in anesthetized  patients. Bronchospasm 
resu lts in  increased  airw ay p ressu res and  
reduced ventilation. Decreased minute ventila-
tion and  pulmonary edema (due to capillary 
leak) lead  to hypoxemia. There is vasod ilation 
and  capillary leak, resu lting in hypotension 
with a decrease in both preload  and  afterload . 

CVP would  be expected  to be low. (5:1478-89;
6:2709-11)

523.  (C) This patient has evidence of vasodilatory 
shock w ith hypotension and  w arm, w ell-
perfused  extremities. This patient will fu lfill 
the clinical definition of septic shock, SIRS plus 
a proven or suspected  microbial etiology plus 
hypotension, if he remains hypotensive after 
resuscitation. His clinical picture is consistent 
with aspiration pneumonia. (6:1334-5, 2218-22, 
2223)

524.  (E) The d ifferential d iagnosis for shock in 
trauma includes hemorrhage, SIRS, pericardial 
tamponade, tension pneumothorax, myocar-
d ial contusion, and  neurogenic shock. The 
patient could  also have shock that predated the 
trauma, perhaps causing the motor vehicle col-
lision, fall, or other traumatic mechanism. This 
young patient has a negative initial trauma 
evaluation, warm feet and  a low heart rate. 
Although bradycard ia can occur in the setting 
of hemorrhage, it is far more common in neu-
rogenic shock. The lack of motor response, 
despite eye opening to verbal stimuli, supports 
the d iagnosis of high cervical sp inal cord  
injury. High spinal cord  injury results in neu-
rogenic shock due to arteriolar and  venodila-
tion  from  in terru p tion  of sym p athetic 
vasomotor input. (6:2218-22)

525.  (B) Hypercarbia is the d iagnosis in this woman 
with chronic COPD who underwent a surgical 
procedure involving carbon d ioxide insuffla-
tion of the peritoneum. Abdominal d istention 
has caused  basilar atelectasis, worsened  V/ Q 
mismatch, and  an increased  fraction of dead  
space ventilation. Sedative medications admin-
istered  during the anesthetic have exacerbated  
hypoventilation and baseline hypercarbia. This 
in combination with carbon dioxide absorption 
from the surgical procedure has resu lted  in 
severe acute superimposed  on chronic hyper-
carbia w ith the neurologic find ing of coma. 
(5:2252)

526.  (H) The clinical presentation of head  trauma 
with a period  of lucid ity then abrupt onset of 
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coma is suggestive of epidural hematoma, per-
haps due to skull fracture with injury to the 
midd le meningeal artery. Treatment shou ld  
consist of stat CT of the head  follow ed  by 
em ergen t neu rosu rgical d ecom p ression . 
(6:2254, 3379)

527.  (J) A postseizure state may be a transient cause 
of coma. The etiology is thought to be due to 
release of toxic metabolites during the seizure 
or to temporary exhaustion of brain energy 
supplies. EEG performed  during the coma 
may reveal a generalized  slowing similar to 
toxic metabolic encephalopathy. (6:2249)

528.  (D) A large infarct of a cerebral hemisphere, 
such as a midd le cerebral artery stroke with 

resultant brainstem compression, may produce 
coma. Depending upon the size of the infarct, 
involvement of dominant or nond ominant 
hemisphere, and  neurologic prognosis, surgi-
cal intervention may be offered for decompres-
sion. (6:2252)

529.  (F) The clinical picture, notable for high fever 
and  severe leukocytosis, is most consistent 
w ith meningitis from an indwelling foreign 
body (external ventricu lar d rain). Treatment 
includes immediate broad spectrum antimicro-
bials and  removal of the d rain. (6:2252)

530.  (E) Septic shock or other severe infections can 
produce coma and  is the most likely d iagnosis 
in this immunosuppressed  patient. (6:2252)
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CHAPTER 19

Acute  and Chronic  Pain
Ques tions

DIRECTIONS (Questions 531-600): Each of the 
numbered  items or incomplete statements in this 
section is followed by answers or by completions of 
the statement. Select the ONE lettered  answer or 
completion that is BEST in each case.

531. A-δ fibers

(A)  are unmyelinated
(B)  are low-threshold  mechanoreceptors
(C)  increase their firing as the intensity of 

the stimulus increases
(D)  do not respond to noxious stimuli
(E)  are thick nerves

532. In a patient with skeletal metastases, bisphos-
phonates have all of the follow ing effects 
EXCEPT

(A)  inhibiting the recruitment and  function 
of osteoclasts

(B)  inhibition of osteoblasts
(C)  they have their greatest effect in breast 

cancer and  multiple myeloma
(D)  they have an acute pain-relieving effect

533. In the dorsal horn of the spinal cord ,

(A)  cells from lamina I and  II project to the 
hypothalamus

(B)  stimulation of lamina I and  II produces 
pain

(C)  lamina I and  II are found  in the thoracic 
segment of the spinal cord  only

(D)  d ischarge from lamina I and  II decreases 
as a noxious stimulus increases

(E)  wide dynamic range (WDR) neurons are 
located  predominantly in lamina I and  II
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534. Which one of the following is true regard ing 
seizures as one of the multiple side effects from 
the use of opioids?

(A)  Morphine and  related  opioids can cause 
seizure activity when moderate doses 
are given.

(B)  Seizure activity is more likely with 
meperid ine, especially in the elderly 
and  with renal dysfunction.

(C)  Seizure activity is mediated  through 
stimulation of N-methyl-D-aspartate 
(NMDA) receptors.

(D)  Naloxone is very effective in treating 
seizures produced  by morphine and  
related  d rugs includ ing meperid ine.

(E)  Seizure activity is most likely related  to 
the fact that opioids stimulate the pro-
duction of γ -aminobutyric acid  (GABA).

535. Windup is a phenomenon that occurs due to 
constant input of C-fiber activity to the spinal 
cord . This phenomenon defines

(A)  reduction in excitability of spinal neu-
rons in the dorsal root ganglion

(B)  increase in excitability of spinal neurons 
in the dorsal root ganglion

(C)  reduction in excitability of spinal neu-
rons in the dorsal horn

(D)  increase in excitability of spinal neurons 
in the dorsal horn
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536. The cricoid  cartilage corresponds with which 
vertebra?

(A)  C1
(B)  C3
(C)  C5
(D)  C6
(E)  C8

537. The lumbar facet joints are oriented

(A)  in a coronal plane
(B)  in a sagittal p lane
(C)  45° off the sagittal plane
(D)  20° off the coronal plane
(E)  20° off the sagittal plane

538. Vertebroplasty is indicated for all of the follow-
ing conditions EXCEPT

(A)  multip le myeloma
(B)  chronic compression fractures of verte-

bral body
(C)  osteolytic metastatic tumors
(D)  facet arthropathy

539. Ziconotide, found in snail venom, acts primar-
ily on which type of calcium channel?

(A)  N-type
(B)  T-type
(C)  L-type
(D)  P-type
(E)  Q-type

540. Viscera are supplied  by sympathetic nerves 
that contribute to pain generation and  trans-
mission. These nerves release all of the follow-
ing chemical substances EXCEPT

(A)  norepinephrine
(B)  histamine
(C)  serotonin
(D)  epinephrine

541. Pretreatment with an NMDA antagonist prior 
to inflammation has been shown to

(A)  enhance central sensitization
(B)  attenuate central sensitization

(C)  have no effect on central sensitization
(D)  enhance peripheral sensitization
(E)  attenuate peripheral sensitization

542. Indications for lumbar sympathetic blockade 
include all of the following EXCEPT

(A)  acute herpes zoster
(B)  phantom limb pain
(C)  complex regional pain syndrome
(D)  lumbar facet syndrome
(E)  vascular insufficiency

543. NMDA receptor blockade in the spinal cord

(A)  causes inhibition of pain modulation
(B)  causes modulation of pain transmission
(C)  does not have a role in pain 

transmission
(D)  causes reduction in pain transmission

544. One important characteristic of methadone 
that has to be considered  when prescribing it 
on an outpatient basis is

(A)  there is usually a low chance for interac-
tions on patients taking multiple 
medications

(B)  withdrawal symptoms are as severe as 
with morphine

(C)  it is rarely used  in opioid  add iction
(D)  sedation and  respiratory depression can 

outlast the analgesic action
(E)  it allows rapid  titration

545. With the use of intrapleural catheters for post-
operative pain, all of the following statements 
are true EXCEPT

(A)  the use of parenteral opioids is 
contraindicated

(B)  pneumothorax can occur
(C)  the usual dose is 20 to 30 mL 0.5% 

bupivacaine
(D)  the mechanism of action is ”unilateral 

intercostal nerve block”
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546. A 35-year-old  w oman comes to your clinic 
complaining of pelvic pain. Which one of the 
following is important to consider during her 
evaluation?

(A)  Endometriosis is the most common 
cause of pelvic pain in women.

(B)  Endometriosis most likely does not have 
an inflammatory component.

(C)  Endometriosis has been shown to be 
primarily dependent on the blood  con-
centration of progesterone.

(D)  An inflammatory process would  be sup-
ported  by find ings of a decrease of 
interleukin-8 in testing of peritoneal 
flu id .

547. Which one of the following statements regard-
ing fibromyalgia is true?

(A)  Two central criteria for fibromyalgia are 
chronic widespread  pain (CWP) defined  
as pain in all four quadrants of the body 
and  the axial skeleton for at least two 
years, and  the find ing of pain by 25-kg 
pressure on d igital palpation of at least 
11 of the 18 defined  tender points.

(B)  It is generally agreed  that abnormal 
CNS mechanisms are responsible for all 
of the symptoms of fibromyalgia.

(C)  There are both primary and  secondary 
fibromyalgia syndromes.

(D)  Fibromyalgia symptoms generally 
resolve if a rheumatic process is identi-
fied  and  treated  appropriately.

(E)  Most fibromyalgia patients are male.

548. A recommended practice in the management 
of patients with cancer pain is

(A)  less concern regard ing side effects than 
in patients with nonmalignant pain

(B)  dosing analgesics only on an as needed  
basis

(C)  considering the use of ad juvant d rugs
(D)  avoid ing opioid  drugs due to the poten-

tial for development of tolerance

549. An 85-year-old  woman comes into your clinic 
with chronic pain over her left breast for more 
than 1 year. The symptoms began after she 
broke out in a rash in the same d istribution. 
Which one of the following statements is true?

(A)  Zoster reactivation is always accompa-
nied  by a rash.

(B)  Zoster reactivation may occur two to 
three times in a healthy ind ividual.

(C)  Post herpetic neuralgia (PHN) is pain 
that persists for more than 120 days.

(D)  The incidence of PHN is expected  to 
remain stable in the fu ture.

(E)  PHN should  be treated  with an antiviral 
agent like ganciclovir.

550. A 10-year-old  boy with a d iagnosis of sickle 
cell d isease comes into your clinic. Which one 
of the following statements is true regard ing 
his condition?

(A)  A vaso-occlusive crisis commonly 
involves the back, legs, and  eyes.

(B)  Acute pain in patients with sickle cell 
d isease is caused  by ischemic tissue 
injury resulting from the occlusion of 
macrovascular beds by sickled  erythro-
cytes during an acute crisis.

(C)  When a vaso-occlusive crisis lasts longer 
than 7 days, it is important to search for 
other causes of bone pain.

(D)  Patients with sickle cell d isease have a 
lower incidence of vaso-occlusive d is-
ease than patients with β -thalassemia.

551. Com p lex regional p ain  synd rom e typ e 
II (CRPS II) d iffers from CRPS I because in 
CRPS II there is

(A)  allodynia
(B)  movement d isorder
(C)  sudomotor and  vasomotor changes
(D)  evidence of major nerve damage
(E)  severe swelling
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552. What is the primary mechanism by which opi-
oids produce analgesia?

(A)  Coupling of opioid  receptors to sodium 
and  potassium ion channels, thereby 
inhibiting neurotransmitter release (pre-
synaptic), and  inhibiting neuronal firing 
(postsynaptically)

(B)  Coupling of opioid  receptor to 
potassium and calcium channels, 
thereby inhibiting neurotransmitter 
release (presynaptic), and  inhibiting 
neuronal firing (postsynaptically)

(C)  Coupling of opioid  receptors to sodium 
and  calcium channels, thereby inhibiting 
neurotransmitter release (presynaptic), 
and  inhibiting neuronal firing 
(postsynaptically)

(D)  Coupling of opioid  receptors to potassi-
um and calcium channels, thereby 
inhibiting neuronal firing (presynapti-
cally), and  inhibiting neurotransmitter 
release (postsynaptically)

(E)  Coupling of opioid  receptors to sodium 
and  calcium channels, thereby inhibiting 
neuronal firing (presynaptically), and  
inhibiting neurotransmitter release 
(postsynaptically)

553. The definition of pain that is endorsed  by the 
International Association for the Study of Pain 
is, ”Pain is an unpleasant sensory and  emo-
tional experience associated  w ith actual or 
potential tissue damage, or described  in terms 
of such damage.” There are a host of physio-
logic mechanisms by which inju ries lead  to 
nociceptive responses and  ultimately to pain. 
However, not all nociceptive signals are per-
ceived  as pain and  not every pain sensation 
originates from nociception. All of the follow-
ing statements regarding pain are true EXCEPT

(A)  two types of pain receptors are 
primarily activated  by nociceptive 
input. These include low-threshold  
nociceptors that are connected  to fast 
pain-conducting A-δ fibers, and  high-
threshold  nociceptors that conduct 
impulses in slow (unmyelinated) C 
fibers

(B)  neurotransmitters (e.g., glutamate and  
substance P) are able to modulate post-
synaptic responses with further trans-
mission to supraspinal sites (thalamus, 
anterior cingulate cortex, insular cortex, 
and  somatosensory cortex) via ascend-
ing pathways

(C)  prolonged or strong activity of dorsal 
horn neurons caused  by repeated  or sus-
tained  noxious stimulation may subse-
quently lead  to increased  neuronal 
responsiveness or central sensitization

(D)  windup refers to a mechanism present in 
the peripheral nervous system in which 
repetitive noxious stimulation results in 
a slow temporal summation that is 
experienced  in humans as increased  
pain

(E)  substance P is an important nociceptive 
neurotransmitter. It lowers the threshold  
of synaptic excitability, resulting in the 
unmasking of normally silent interspi-
nal synapses and  the sensitization of 
second-order spinal neurons

554. A 32-year-old  female develops severe stabbing, 
”like an ice p ick,” pain at the base of tongue 
after an infratemporal neurosurgical proce-
dure. Pain comes in paroxysms and  last a few 
seconds and is triggered by swallowing, yawn-
ing, and coughing. This patient most likely has

(A)  trigeminal neuralgia
(B)  geniculate neuralgia
(C)  glossopharyngeal neuralgia
(D)  migraine with atypical aura
(E)  cluster headache

555. An ad vantage of transcu taneous electrical 
nerve stimulation (TENS) for postoperative 
pain is

(A)  no patient instruction is needed
(B)  the absence of opioid-induced  side 

effects
(C)  it can be used  by patients with 

pacemakers
(D)  it does not require any action on the 

part of the patient
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556. A 31-year-old  woman presents to your office 
with marked  pain and  swelling in her ankle 
6 weeks after an open reduction and  internal 
fixation w ith casting. On examination, the 
ankle is w arm and  erythematous. Lightly 
touching the ankle with a cotton swab evokes 
severe, lancinating pain. You suspect CRPS I. 
As a syndrome, CRPS is d iagnosed  by

(A)  lumbar sympathetic block
(B)  phentolamine infusion test
(C)  triple phase isotope bone scan
(D)  erythrocyte sed imentation rate
(E)  history and  physical examination

557. Which one of the following statements con-
cerning central pain is true?

(A)  Spinal cord  injury is the leading cause 
of central pain in the United  States.

(B)  Lesions involving spinothalamocortical 
pathways are necessary and  sufficient to 
cause central pain.

(C)  Central pain is a common sequela fol-
lowing neurosurgical procedures.

(D)  Motor cortex stimulation is an effective 
means to treat central pain.

(E)  The most typical presentation of central 
pain is a spontaneous, burning sensa-
tion over the entire body contralateral to 
the lesion site.

558. Epidural steroid  injections may be effective in 
which one of the following conditions?

(A)  Herniated  nucleus pulposus without 
neurologic deficit

(B)  Ankylosing spondylitis
(C)  Fibromyalgia
(D)  Functional low back pain

559. A 42-year-old  man underwent a celiac plexus 
block procedure with 20 mL of 50% alcohol. All 
of the following listed  conditions are complica-
tions of this intervention EXCEPT

(A)  genitofemoral neuralgia
(B)  hypertension
(C)  d iarrhea

(D)  paralysis
(E)  infection

560. A patient who received  1 mL of 0.25% bupiva-
caine after negative asp iration follow ing a 
selective cervical nerve root injection became 
agitated  and then developed generalized tonic-
clonic movements. Which one of the following 
is the most likely explanation?

(A)  High spinal anesthetic from accidental 
intrathecal injection

(B)  Anxiety attack from pain during 
injection

(C)  Vertebral artery injection of local 
anesthetic

(D)  Injection into spinal cord
(E)  Hypoxia

561. Which one of the following is true regard ing 
oxcarbazepine?

(A)  It has more adverse effects than 
carbamazepine.

(B)  It is a sod ium channel blocker.
(C)  A dose ad justment is unnecessary in a 

patient with renal insufficiency.
(D)  Its most frequent adverse effects is 

weight loss and  d izziness.

562. Spinal cord  stimulation (SCS) has been used  
with success for the treatment of all of the fol-
lowing conditions EXCEPT

(A)  failed  back surgery syndrome
(B)  complex regional pain syndrome
(C)  angina
(D)  peripheral vascular d isease
(E)  d iffuse chronic pain syndromes

563. A patient with obstructive lung d isease devel-
ops complex regional pain syndrome involv-
ing the right arm after an injury. Treatment of 
the syndrome may involve all of the following 
EXCEPT

(A)  stellate ganglion block
(B)  lumbar sympathetic block
(C)  surgical sympathectomy
(D)  TENS
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564. As compared  with somatic pain, all of the fol-
lowing are true about visceral pain, EXCEPT

(A)  it may follow the d istribution of a 
somatic nerve

(B)  it is dull and  vague
(C)  it is often period ic and  builds to peaks
(D)  it is often associated  with nausea and  

vomiting
(E)  it is poorly localized

565. The following statements are true regard ing 
preemptive analgesia, EXCEPT

(A)  preemptive analgesia is helpful in 
reducing postoperative pain in part by 
reducing the phenomenon of central 
sensitization

(B)  early postoperative pain is not a signifi-
cant pred ictor of long-term pain

(C)  local anesthetics, opioids, and  COX 
inhibitors can be used  for preemptive 
analgesia

(D)  preemptive analgesia may have the 
potential to prevent the development of 
chronic pain states

(E)  preemptive analgesia is thought to 
reduce neuroplastic changes in the spi-
nal cord

566. All of the following statements about posther-
petic neuralgia (PHN) are correct, EXCEPT

(A)  a midthoracic dermatome is one of the 
most common sites for PHN

(B)  men are affected  more often than 
women in a ratio of 3:2

(C)  the ophthalmic d ivision of the trigemi-
nal nerve is one of the most common 
sites for PHN

(D)  PHN may occur in any dermatome
(E)  PHN has an incidence of 9% to 14.3%

567. Which of the follow ing statements is true 
regard ing acetaminophen toxicity?

(A)  Acetaminophen is nontoxic until under-
going metabolism.

(B)  Oral glutathione is the antidote of 
choice.

(C)  The antidote must be started  within 6 h 
of ingestion in order to be effective.

(D)  Vasodilatory β 2-adrenoceptor agonists 
potentiate the antidote efficacy.

568. Which one of the following is true regard ing 
resp iratory depression related  to the use of 
opioids?

(A)  Opioid  agonists, partial agonists, and  
agonist/ antagonists produce the same 
degree of respiratory depression.

(B)  Opioids produce a leftward  shift of the 
CO2 responsiveness curve.

(C)  Depression of respiration is produced  
by a decrease in respiratory rate, with a 
constant minute volume.

(D)  Naloxone partially reverses the opioid-
induced  respiratory depression.

(E)  The apneic threshold  is decreased .

569. Of the two principal neurolytic agents, alcohol 
and  phenol,

(A)  alcohol has the greater tendency to pro-
duce neuritis

(B)  alcohol is used  in a 6% concentration
(C)  phenol has the more rapid  onset of 

action
(D)  phenol is used  in a 50% concentration

570. Pain theories currently being proposed  postu-
late a

(A)  straight stimulus-to-nervous system 
path

(B)  system involving large fibers only
(C)  system with inhibition exerted  by small 

fibers
(D)  system involving excitatory and  inhibi-

tory input with resulting sensation

571. Cluster headaches are characterized  by

(A)  lancinating unilateral headache that is 
commonly triggered  by stress factors

(B)  pain that is strictly unilateral and  auto-
nomic symptoms that occur ipsilateral 
to the pain
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(C)  slow onset with progressive worsening 
of the pain over several hours with an 
attack usually lasting 3 to 4 days

(D)  the common use of melatonin as 
therapy for the acute attack

(E)  a higher incidence in elderly patients

572. Which one of the following characterizes spon-
taneous intracranial hypotension (SIH)?

(A)  It is the same entity as post–dural punc-
ture headache (PDPH).

(B)  The headache is consistently unilateral.
(C)  Orthostatic headache is pathognomonic.
(D)  Patients complain of bitemporal 

headache.
(E)  To confirm the d iagnosis, it is required  

that cerebrospinal flu id  (CSF) opening 
pressures are below 60 mm H 2O.

573. Adverse effects of ep idurally administered  
glucocorticoids include all of the following, 
EXCEPT

(A)  Cushing syndrome
(B)  osteoporosis
(C)  avascular bone necrosis
(D)  hypoglycemia
(E)  suppression of the hypothalamic-

pitu itary axis

574. All of the following are true about chronic pain 
in the spinal cord  injury (SCI) patient, EXCEPT

(A)  approximately two-thirds of all 
SCI patients suffer from chronic pain

(B)  approximately one-third  of SCI patients 
with pain have severe pain

(C)  pain in SCI patients may lead  to severe 
depression and  even suicide

(D)  because of the overwhelmingly signifi-
cant impairment of other important 
functions, pain is only a minor consider-
ation in an SCI patient

(E)  pain in SCI interferes with rehabilitation 
and  activities of daily living (ADLs)

575. Which one of the following is true in relation 
to complex regional pain syndrome (CRPS)?

(A)  Males are more commonly affected  than 
females.

(B)  CRPS II is more common than CRPS I.
(C)  Three-phase bone scan showing unilat-

eral periarticular uptake is mandatory to 
confirm CRPS d iagnosis.

(D)  The d iagnosis of CRPS is mainly 
clinical.

(E)  The mean age group is between 15 and  
25 years.

576. In the neurolytic treatment of cancer pain, all 
of the following are true statements EXCEPT

(A)  alcohol injections around a peripheral 
nerve may produce an uncomfortable 
neuritis.

(B)  bowel and  bladder function is almost 
always preserved .

(C)  such treatment should  be used  only in 
those with terminal d isease.

(D)  absence of sensation may be perceived  
by the patient to be worse than the pain.

577. Advantages of intrathecal drug-delivery are all 
of the following EXCEPT

(A)  the first-pass effect can be avoided
(B)  intrathecal morphine is 300 times 

as effective as oral morphine for 
equivalent analgesia

(C)  the number of CNS-associated  side 
effects can be reduced

(D)  the blood brain barrier does not inter-
fere with the CNS uptake of the d rug

(E)  there is no systemic absorption of drugs 
administered  via the intrathecal route

578. Which one of the following opioids does not 
produce dose-dependant bradycard ia?

(A)  Morphine
(B)  Fentanyl
(C)  Meperid ine
(D)  Sufentanil
(E)  Alfentanil
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579. The stellate ganglion is located  between

(A)  C6-C7
(B)  C7-T1
(C)  C5-C7
(D)  C5-C6
(E)  T1-T2

580. Which one of the following statements is false 
regard ing tramadol?

(A)  It has opioid  characteristics.
(B)  There is a dose limit of 400 mg/ d .
(C)  It is a centrally acting analgesic.
(D)  There is no effect on norepinephrine or 

serotonin neurotransmission.
(E)  The drug inhibits the reuptake of nor-

epinephrine and  serotonin.

581. The paroxysmal hemicranias are rare benign 
headache d isorders that may typically be asso-
ciated  with all of the following EXCEPT

(A)  conjunctival injection
(B)  rhinorrhea
(C)  ptosis
(D)  eyelid  edema
(E)  monocular blindness

582. All of the following statements regarding the 
theory and use of acupuncture are true EXCEPT

(A)  ”qi” is the life force or energy that flows 
through the body

(B)  ”qi” influences our health at physical, 
mental, emotional, and  spiritual levels

(C)  any excess or deficiency of ”qi” will 
contribute to our health problems

(D)  blockage of ”qi” may cause pain
(E)  acupuncture should  not be offered  as 

part of comprehensive pain manage-
ment until more clinical trials proving 
its efficacy have been completed

583. The gate control theory is one postu lated  
mechanism of action for spinal cord  stimula-
tors (SCS). Which one of the following is the 
most accurate application of SCS to this postu-
lated  mechanism of action?

(A)  Activation of large-d iameter afferents 
thereby ”closing the gate”

(B)  Activation of large-d iameter afferents 
thereby ”opening the gate”

(C)  Activation of small-d iameter afferents 
thereby ”closing the gate”

(D)  Activation of small-d iameter afferents 
thereby ”opening the gate”

(E)  Activation of both large- and  small-
d iameter afferents equally

584. The duration of aspirin effect is related  to the 
turnover rate of COX in d ifferent target tissues 
because aspirin

(A)  competitively inhibits the active sites of 
COX enzymes

(B)  nonirreversibly inhibits COX activity
(C)  irreversibly inhibits COX activity
(D)  noncompetitively inhibits the active 

sites of COX enzymes
(E)  acetylates COX-1

585. Which one of the following best fits the phar-
macologic mechanisms of action of trad itional 
nonsteroidal antiinflammatory d rugs?

(A)  Inhibition of phospholipase A2
(B)  Inhibition of COX-2
(C)  Inhibition of lipoxygenase
(D)  Inhibition of arachidonic acid
(E)  Inhibition of prostaglandin G/ H syn-

thase enzymes

586. The following statements are true about meth-
adone EXCEPT it

(A)  has a highly variable oral bioavailability
(B)  is a low cost medication
(C)  has no known active metabolites
(D)  has N-methyl-D-aspartate (NMDA) 

receptor agonist properties
(E)  has high lipid  solubility

587. Ketamine and  memantine are NMDA receptor

(A)  allosteric regulators
(B)  agonists
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(C)  inverse agonists
(D)  antagonists

588. Which one of the following is the correct state-
ment regard ing the pharmacologic properties 
of nonselective COX inhibitors?

(A)  They readily cross the blood–brain 
barrier.

(B)  Their chemical structure consists of aro-
matic rings connected to basic functional 
groups.

(C)  They act mainly in the periphery.
(D)  They have a high renal clearance.
(E)  They are not metabolized  by the liver.

589. Occipital neuralgia involves

(A)  the greater occipital nerve
(B)  the cervical plexus
(C)  a pain d istribution confined  to the 

occipital area
(D)  the scapular nerve
(E)  trophic lesions of the skull

590. A tricyclic antidepressant in the secondary 
amine class is

(A)  imipramine
(B)  nortriptyline
(C)  doxepin
(D)  amitriptyline
(E)  trazodone

591. Inhibitory substances that are believed to mod-
ulate the transmission of nociceptive signals in 
the dorsal horn of the spinal cord  include all of 
the following EXCEPT

(A)  substance P
(B) β -endorphin
(C)  dopamine
(D)  epinephrine
(E)  adenosine

592. Which one of the following is a nociceptor?

(A)  Meissner ’s corpuscles
(B)  Pacinian corpuscles
(C)  Merkel’s d isks

(D)  Free nerve end ings on A-delta and  
C fibers

(E)  Golgi–Mazzoni endings

593. All of the following statements are true about 
myofascial pain EXCEPT

(A)  it is dermatomal in d istribution
(B)  it should  be treated  early in the course 

of the d isease
(C)  injection of local anesthetic may provide 

relief
(D)  the pain can occur in the back, neck, and  

shoulders
(E)  it can sometimes be relieved  by simply 

need ling the affected  area

594. All of the following are major anatomic struc-
tures in the transmission and  relay of nocicep-
tive information EXCEPT

(A)  spinothalamic tract
(B)  locus coeruleus
(C)  thalamus
(D)  reticular formation
(E)  sensory cortex

595. Gabapentin

(A)  is structurally unrelated  to GABA
(B)  acts d irectly at GABA-bind ing site in the 

CNS
(C)  inhibits voltage-dependent calcium 

channels
(D)  is the d rug of choice for fibromyalgia

596. Advantages of patient-controlled  analgesia 
(PCA) include all of the following EXCEPT

(A)  high patient satisfaction
(B)  elimination of painful injections
(C)  no need  to ad just dosing parameters 

with increasing age
(D)  more consistent levels of analgesia
(E)  the ability of the patient to titrate pain 

relief to painful procedures such as 
chest physical therapy
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597. The effectiveness of a neurolytic agent is 
dependent on all of the following EXCEPT

(A)  location of the injection
(B)  concentration
(C)  histology of the nerve
(D)  volume
(E)  need le size

598. If a patient undergoing thoracotomy receives 
intercostal blocks with bupivacaine, his post-
operative period  will

(A)  be little d ifferent from controls
(B)  show marked  improvement in respira-

tory function over controls
(C)  show little d ifference in vital capacity 

but marked  pain relief
(D)  be marked  by hyperventilation
(E)  be marked  by increased  incidence of 

atelectasis

599. The McGill Pain Questionnaire

(A)  consists of three major measures
(B)  was developed  by McGill
(C)  is not widely used
(D)  is a single-d imensional pain scale
(E)  does not ask about the location of pain

600. Which of the following is a true statement 
concerning the use of epidural morphine?

(A)  A biphasic respiratory depression pat-
tern can develop, with the initial phase 
within 30 min of the bolus dose and  a 
second  phase 2-4 h later.

(B)  Spinal morphine solutions must be 
preservative-free while epidural 
morphine solutions may contain 
preservatives.

(C)  Patients should  be closely monitored  for 
48 hours after the administration of 
epidural morphine.

(D)  Patients may ambulate with assistance 
after an injection of epidural morphine.
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531.  (C) A-δ fibers are thin, myelinated fibers, hence 
they have a faster conduction velocity than 
C fibers. They are high threshold  mechanore-
ceptors. They are associated  with sharp  pain, 
temperatu re, cold , and  pressure sensations. 
(7:13-4)

532.  (B) Bisphosphonates decrease resorp tion of 
bone d irectly, by inhibiting the recru itment 
and  function of osteoclasts, and  ind irectly by 
stimulating osteoblasts. In patients with bony 
metastases, they are the standard  therapy for 
hypercalcemia after rehydration, and  have the 
greatest effect in patients with breast cancer 
and  multiple myeloma. Bisphosphonates also 
have an acu te pain-relieving effect that is 
thought to be derived  from the reduction of 
various pain-producing substances. (1:1294-6)

533.  (B) The Rexed laminae is a complex of 10 layers 
of grey matter located  in the spinal cord . They 
are labeled  as I to X. Laminae I to VI are in the 
dorsal horn and  VII to IX are in the ventral 
horn. Lamina X borders the central canal of the 
spinal cord . Lamina I is also known as the pos-
teromarginal nucleus. The neurons in lamina I 
receive input mainly from the Lissauer tract. 
They relay pain and  temperatu re sensation. 
Lamina II is known as the substantia gelati-
nosa. The neurons contain κ- and  µ -opioid  
receptors. C fibers terminate in the substantia 
gelatinosa. Laminae I and  II are found along 
the entire spinal cord . The neurons in lamina I 
project to the thalamus. WDR neurons are con-
centrated  in lamina V. (7:17-9)

534.  (B) Extremely high doses of morphine and  
related  opioids can produce seizures, presum-
ably by inhibiting the release of GABA (at the 
synaptic level). Normeperid ine, a metabolite of 
meperid ine, is prone to producing seizures 
and  tends to accumulate in patients with renal 
dysfunction and  in the elderly. Naloxone may 
not effectively treat seizu res p roduced  by 
meperid ine. (1:494; 5:1302)

535.  (D) Windup refers to the progressive increase 
in the magnitude of C-fiber evoked  responses 
of dorsal horn neurons produced  by repetitive 
activation of C-fibers. Neuronal events leading 
to windup also produce some of the classical 
characteristics of central sensitization includ-
ing expansion of receptive fields and enhanced 
responses to C but not A-δ fiber stimulation. 
(7:22)

536.  (D) The carotid  tubercle (Chassaignac tubercle) 
lies 2.5 cm lateral to the cricoid  cartilage. It is a 
part of the transverse process of the C6 verte-
bra and  can be easily palpated . The carotid  
tubercle is an important landmark for stellate 
ganglion blocks. (5:254)

537.  (C) The cervical facet joints are oriented  in a 
coronal p lane to allow for extension, flexion, 
and lateral bending. The thoracic facets are ori-
ented  approximately 20° off the coronal plane. 
The lumbar facet joints are oriented  45° off the 
sagittal plane. (7:285)

Answers  and Explana tions
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538.  (D) Vertebroplasty is best used  for acute verte-
bral fracture where bone cement is percutane-
ously injected  into a fractured vertebra in order 
to stabilize it. Alternatively, kyphop lasty 
involves p lacement of a balloon into a col-
lapsed  vertebra, followed by injection of bone 
cement to stabilize the fracture. It is not clear if 
one procedure has an advantage over the other. 
Both procedures may produce almost immediate 
pain relief. They are ind icated  for painful com-
pression fractures because of osteoporosis and  
metastatic tumors. (5:1610)

539.  (A) The nonopioid  analgesic ziconotide has 
been developed as a new treatment for patients 
with severe chronic pain who are intolerant of 
and / or refractory to other analgesic therapies. 
Ziconotide is the synthetic equ ivalent of a 
25-amino-acid  polybasic peptide found in the 
venom of the marine snail Conus magus. In 
rodents, ziconotide acts by binding to neuronal 
N -type voltage-sensitive calcium channels, 
thereby blocking neurotransmission from pri-
mary nociceptive afferents. Ziconotide p ro-
duces potent antinociceptive effects in animal 
models and  its efficacy has been demonstrated  
in human studies. (1:514)

540.  (D) In the viscera, sympathetic nerve terminals, 
mast cells, and epithelial cells, including entero-
chromaffin cells in the gastrointestinal tract, 
release a variety of bioactive substances, includ-
ing norepinephrine, histamine, serotonin, ade-
nosine triphosphate (ATP), glu tamate, nerve 
growth factor (NGF), and  tryptase. Resident 
leukocytes and  macrophages attracted  to an 
area of insult collectively contribute products of 
cyclooxygenase and  lipoxygenase, includ ing 
prostaglandin I2, prostaglandin E2, hydroxye-
icosatetraenoic acids (HETEs), and hydroper-
oxyeicosatetraenoic (HPETEs), and a variety of 
cytokines, reactive oxygen species, and growth 
factors. Some of these chemicals can d irectly 
activate visceral afferent terminals (e.g., sero-
tonin, ATP, and  glu tamate), whereas others 
probably play only a sensitizing role (e.g., pros-
taglandins, NGF, and tryptase). (1:514)

541.  (B) Pretreatment with an NMDA antagonist 
attenuates the central sensitization from inflam-
mation. (7:24)

542.  (D) Lumbar sympathetic blockade has been 
shown to be effective in all of the pain syn-
dromes listed  except lumbar facet syndrome. 
Heat, COX inhibitors, and  facet injections may 
be useful. (1:1445-8; 5:1486)

543.  (B) NMDA receptor activation causes increased  
pain transmission whereas its blockade attenu-
ates pain transmission. There are four receptor 
types for glu tamate and  aspartate in  the 
somatosensory system. The class of receptors 
best activated  by NMDA is termed  the NMDA 
receptor. The NMDA receptor is usually con-
sidered  as recru ited  only by intense and / or 
prolonged somatosensory stimuli. This charac-
teristic is due to the NMDA receptor ’s well-
known magnesium block that is only relieved  
by p rolonged  d epolarization  of the cell 
membrane. (7:24)

544.  (D) Methadone, unlike morphine, is metabo-
lized through N-demethylation by the hepatic 
cytochrome P450 enzyme system whose activity 
can vary widely in different people. Methadone 
should be administered with caution in patients 
receiving multiple medications, especially anti-
virals and antibiotics. Methadone’s withdrawal 
symptoms tend  to be less severe than mor-
phine’s; this and its long duration of action, 
good oral bioavailability, and  high potency 
made it the maintenance drug or detoxification 
treatm ent of choice in  op ioid  ad d iction. 
Methadone has biphasic elimination. A long ter-
minal phase (ranging from 30-60 h) producing 
sedation and respiratory depression can outlast 
the analgesia that correlates with the redistribu-
tion phase (6-8 h). This biphasic pattern explains 
why methadone is used once a day for opioid  
maintenance therapy and every 4-8 h for analge-
sia. Rapid titration is not possible making this 
d rug more useful for chronic pain. (5:329-30;
704; 718)
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545.  (A) The use of an intrapleural catheter can be 
effective for unilateral postoperative pain such 
as that following cholecystectomy. A pneumo-
thorax can occur during catheter p lacement. 
Since only local anesthetic is injected , the use 
of parenteral op ioids is not contraind icated . 
(1:1327; 5:1829)

546.  (A) Endometriosis is the most common cause 
of chronic pelvic pain in women. It is charac-
terized  by the presence of uterine endometrial 
tissue outside the uterus, most commonly in 
the pelvic cavity. The d isorder mainly affects 
w omen of reproductive age. Endometriosis 
has been described  as a pelvic inflammatory 
process with altered  function of immune cells 
and  an increased  number of activated  macro-
phages in the peritoneal environment that 
secrete various local products such as growth 
factors and  cytokines. End om etriosis is 
estrogen-dependent and traditional treatments 
have aimed  to decrease production of estro-
gens such as estrad iol. However, the exact 
mechanism by which estrogens promote endo-
metriosis is unclear and  suppression of estro-
gens has variable effects. Endometriotic lesions 
themselves secrete proinflammatory cytokines 
such as interleukin-8 (IL-8) that recruit macro-
phages and  T-cells to the peritoneum and 
mediate inflammatory responses. (6:387-8)

547.  (C) The two operational criteria are chronic 
widespread pain (CWP) defined as pain in all 
four quadrants of the body and the axial skele-
ton for at least three months, and the finding of 
pain by 4-kg pressure on digital palpation of at 
least 11 of 18 defined tender points. The exact 
pathogenesis of fibromyalgia has not been elu-
cidated  yet, but according to the currently held  
view a variety of biological, psychological, and  
social factors play a role in the manifestation of 
the d isorder. Among other things, inflamma-
tory, traumatic, and immunological processes; 

static p roblems; endocrine d isorders; and  
depression and anxiety disorders and stress fac-
tors are thought to trigger the syndrome. A dys-
function of the central affective and/ or sensory 
pain memory may possibly be at work in the 
d ifferent illnesses mentioned  above that then 
results in fibromyalgia pain. In principle, fibro-
myalgia can be categorized as primary or sec-
ondary fibromyalgia. In primary fibromyalgia, 
which is much more common than the second-
ary type, even the most careful work-up will not 
reveal any definitive organic factors triggering 
the syndrome. With secondary fibromyalgia, on 
the other hand, the underlying disease, such as 
inflammatory rheumatic processes or collage-
nosis can be d iagnosed  with relative ease. 
Symptoms associated  with fibromyalgia often 
do not disappear when the rheumatic processes 
have subsided , suggesting that some central 
mechanisms may be responsible for the persis-
tence of generalized pain and hyperalgesia, pos-
sibly due to a disorder of the central affective 
pain memory and/ or the memory of sensory 
pain or else to latent peripheral immunological 
processes. It is precisely this coexistence of pain 
and  hyperalgesia in secondary fibromyalgia 
associated  with systemic inflammatory rheu-
matic diseases that proves that pain and sensi-
tivity to pain cannot be separated  strictly in 
fibromyalgia. (6:2849-52)

548.  (C) Most published  guidelines for the treat-
ment of cancer pain include the concep t of 
dosing medications, including opioids, to ade-
quately treat pain on an around the clock basis. 
Respiratory depression is unusual in opioid-
tolerant patients. The use of ad juvant d rugs 
including antidepressants and anticonvulsants 
may be useful. Side effects such as nausea and  
constipation should  be anticipated  and treated . 
(1:1451; 5:2770)
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549.  (C) Reactivation of the varicella-zoster virus can 
cause dermatomal pain without a rash in a pro-
cess termed ”zoster sine herpete.” This d iagno-
sis cannot be made on the basis of clinical 
presentation alone and would require evidence 
of concurrent viral reactivation. Zoster reactiva-
tion typically occurs only once for an individ-
ual. Atypical manifestations that occur in 
immunocompromised patients include a pro-
longed course, recurrent lesions, and involve-
ment of multip le dermatomes. Diagnostic 
laboratory tests are recommended when herpes 
simplex must be ruled out (e.g., recurrent rash 
or sacral lesions) and for patients with atypical 
lesions. Until recently, these definitions have 
been arbitrary, but the results of recent research 
now provide support for the validity of d istin-
guishing between three phases of pain in 
affected and adjacent dermatomes: (1) herpes 
zoster acute pain (also termed acute herpetic 
neuralgia), defined as pain that occurs within 30 
days after rash onset; (2) subacute herpetic neu-
ralgia, defined as pain that persists beyond the 
acute phase but that resolves before the diagno-
sis of PHN can be made; and (3) PHN, defined  
as pain that persists 120 days or more after rash 
onset. It can also be predicted that the number 
of adults developing herpes zoster in the United  
States may increase as a consequence of reduced  
opportunities for subclinical immune boosting 
resulting from near-universal varicella vaccina-
tion of child ren. Recent data showing an 
increase in herpes zoster in the United States are 
consistent with this prediction. An increase in 
the incidence of herpes zoster could be offset by 
zoster vaccination, but the extent to which 
widespread herpes zoster vaccination will occur 
is presently unknown. (7:417-9)

550.  (C) A vaso-occlusive crisis most commonly 
involves the back, legs, knees, arms, chest, and  
abdomen. The pain generally affects two or 
more sites. Bone pain tends to be bilateral and  
symmetric. Recurrent crises in an ind ividual 
patient usually have the same d istribu tion. 
Acute pain in patients with sickle cell d isease is 
caused by ischemic tissue injury resulting from 
the occlusion of microvascular beds by sickled  
erythrocytes during an acute crisis. Acute bone 
pain from microvascular occlusion is a common 

reason for emergency department visits and  
hospitalizations in patients with sickle cell d is-
ease. Obstruction of blood  flow resu lts in 
regional hypoxemia and  acidosis, creating a 
recurrent pattern of further sickling, tissue 
injury, and pain. The severe pain is believed to 
be caused  by increased  intramedullary pres-
sure, especially within the juxtaarticular areas 
of long bones, secondary to an acute inflamma-
tory response to vascular necrosis of the bone 
marrow by sickled erythrocytes. The pain may 
also occur because of involvement of the perios-
teum or periarticular soft tissue of the joints. 
When a vaso-occlusive crisis lasts longer than 7 
days, it is important to search for other causes 
of bone pain, such as osteomyelitis, avascular 
necrosis, or compression deformities. When a 
recu rrent bone crisis lasts for w eeks, an 
exchange transfusion may be required to abort 
the cycle. Patients with sickle cell disease have 
a higher incidence of vaso-occlusive d isease 
than patients with β-thalassemia. (6:854-6)

551.  (D) CRPS I and  CRPS II are clinically ind istin-
gu ishable. The only d ifference is that in 
CRPS II there is evid ence of major nerve 
damage. (7:408)

552.  (B) Opioid  receptors are coupled  to G proteins 
that affect p rotein  phosphorylation via a 
second  m essenger, thereby altering the con -
d u ctan ce of p otassiu m  an d  calciu m  ion 
channels. These are believed  to be the main 
mechanisms by which endogenous and  exog-
enous opioids produce analgesia. The opening 
of potassium channels inhibits the release of 
neurotransmitters, including substance P and  
glu tamate, if the recep tors are p resynaptic. 
Opioids also inhibit neuronal firing by hyper-
polarization of the cell if the receptors are post-
synaptic on the neurons. (1:490-1)

553.  (D) Two types of pain receptors are primarily 
activated  by nociceptive input. These include 
low-threshold  nociceptors that are connected  
to fast conducting A-δ pain fibers, and  high-
threshold  nociceptors that conduct impulses in 
slow, unmyelinated  C fibers. Within the dorsal 
horn of the spinal cord , these pain fibers syn-
apse with spinal neurons. Neurotransmitters 
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(e.g., glu tamate and  substance P) are able to 
modulate the postsynaptic responses with fur-
ther transmission to supraspinal sites (thala-
mus, anterior cingulate cortex, insular cortex, 
and  somatosensory cortex) via the ascending 
pathways. The simplest form of p lasticity in 
the nervous system is that repeated  noxious 
stimulation may lead to habituation (decreased  
response) or sensitization (increased response). 
Prolonged  or strong activity of dorsal horn 
neurons caused by repeated or sustained nox-
ious stimulation may subsequently lead  to 
increased  neuronal responsiveness or central 
sensitization. Neuroplasticity and subsequent 
CNS sensitization include altered function of 
chemical, electrophysiological, and pharmaco-
logical systems. These changes cause exagger-
ated perception of painful stimuli (hyperalgesia), 
a perception of innocuous stimuli as painful 
(allodynia), and  may be involved  in the gen-
eration of referred  pain and  hyperalgesia 
across multip le sp inal segments. While the 
exact mechanism by which the sp inal cord  
becomes sensitized  or in a ”hyperexcitable” 
state currently remains somewhat unknown, 
some contributing factors have been proposed. 
Windup refers to a central spinal mechanism 
in which repetitive noxious stimulation results 
in a slow temporal summation that is experi-
enced  in humans as increased  pain. In 1965, 
animal experiments showed  for the first time 
that repetitive C-fiber stimulation could  result 
in a p rogressive increase of electrical d is-
charges from the second-order neuron in the 
spinal cord . This mechanism of pain amplifica-
tion in the spinal cord  is related  to temporal 
summation of second  pain or windup. Second  
pain, w hich is of du ll quality and  strongly 
related  to chronic pain states, is transmitted  
through unmyelinated  C fibers to dorsal horn 
nocicep tive neu rons. During the C-fiber ’s 
transm itted  stim u li, N MDA recep tors of 
second-order neurons become activated . It is 
well known that NMDA activation induces cal-
cium entry into the d orsal horn neurons. 
Calcium entry into sensory neurons in the 
dorsal horn induces activation of nitric oxide 
(NO) synthase, leading to the synthesis of NO. 

NO can affect the nociceptor terminals and  
enhance the release of sensory neuropeptides 
(in particular, substance P) from presynaptic 
neurons, therefore contributing to the develop-
ment of hyperalgesia and  maintenance of cen-
tral sensitization. Substance P is an important 
nocicep tive neurotransmitter. It low ers the 
threshold  of synaptic excitability, resulting in 
the unmasking of normally silent interspinal 
synapses and the sensitization of second-order 
spinal neurons. Furthermore, substance P can 
extend for long distances in the spinal cord and  
sensitize dorsal horn neurons at a d istance 
from the initial input locus. This results in an 
expansion of receptive fields and the activation 
of wide dynamic neurons by nonnociceptive 
afferent impulses. (7:13-24)

554.  (C) Glossopharyngeal neuralgia is a d isorder 
characterized  by intense pain in the tonsils, 
middle ear, and back of the tongue. The pain 
can be intermittent or relatively persistent. 
Swallowing, chewing, talking, sneezing, or 
eating spicy foods may trigger the disorder. It is 
often the result of compression of the 9th nerve 
(glossopharyngeal) or 10th nerve (vagus), but in 
some cases, no cause is evident. Skull base sur-
gery or surgeries in the infratemporal region 
may result in damage or irritation of the glos-
sopharyngeal nerve. Conservative treatment 
includes using anticonvulsants. In refractory 
cases, glossopharyngeal nerve block may be 
helpful. Radiofrequency lesioning or neurolytic 
treatment should be reserved for resistant cases 
or ones associated with head and neck cancer. 
Surgical decompression should  be reserved for 
nonresponders and resistant cases. (7:248)

555.  (B) Transcutaneous electrical nerve stimulation 
(TENS) provides a ”tingling” sensation that is 
not usually perceived  as pain. Patients should  
be instructed  in the use of the stimulator. It has 
the advantages of allowing the patient to par-
ticipate in his or her therapy and  the lack of 
opioid-induced  side effects. The presence of a 
cardiac pacemaker is considered a relative con-
traindication. (1:1424; 7:2777)
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556.  (E) In  the early 1990s, a panel of experts 
reached  a consensus that the terms ”reflex 
sympathetic dystrophy” and  ”causalgia” had  
lost their u tility as clinical d iagnoses and  sug-
gested  a new nomenclature be adopted . The 
new terms designated  for these conditions are 
”CRPS types I and  II”. Accord ing to the new 
d iagnostic criteria, CRPS need  not be main-
tained  by sympathetic mechanisms. A three-
phase isotope bone scan is often positive in 
CRPS, but a normal bone scan does not exclude 
the d iagnosis. Erythrocyte sed imentation rate 
is a nonspecific test that is positive in many 
painful conditions includ ing infection, inflam-
matory arthritides, and  inflammatory myopa-
thies. As a syndrome, CRPS is d iagnosed  by 
history and  physical examination. For CRPS I, 
the d iagnostic criteria include (1) an initiating 
noxious event; (2) spontaneous pain and / or 
allodynia occurring outside the territory of a 
single peripheral nerve that is/ are d ispropor-
tionate to the inciting event; (3) there is or has 
been evidence of edema, cutaneous perfusion 
abnormalities, or abnormal sudomotor activity 
in the region of pain since the inciting event; 
and  (4) the d iagnosis is excluded  by the exis-
tence of any condition that would  otherwise 
account for the degree of pain and dysfunction. 
(7:410-1)

557.  (D) Owing to its high incidence, stroke is the 
leading cause of central pain in the industrial-
ized  world . The chance of developing central 
pain following spinal cord  injury is higher than 
after stroke (30%-50% vs 8%), but the overall 
number of stroke patients with central pain is 
higher. Syringomyelia is the d isorder with the 
highest incidence of central pain (60%-80%). 
Accord ing to neurosurgical stud ies conducted  
by V. Cassinari and  C.A. Pagni in the 1960s, 
inju ry to sp inothalamocortical pathw ays is 
necessary bu t not sufficient to cause central 
pain. The reason why some patients develop 
central pain but others with identical injuries 
do not is unknown. Central pain may occur 
after neurosurgical procedures and  intracra-
nial hemorrhage, but these are unusual occur-
rences. There are now  several p rospective 
studies showing motor cortex stimulation to be 
an effective treatment for central pain. There is 

no typical presentation for central pain. While 
spontaneous pain is almost universal, allo-
dynia also affects a majority of central pain 
patients. The time lag between the injury and  
onset of pain, and  the location of central pain 
are extremely variable. (7:394-400)

558.  (A) An ind ication for ep idural steroid  injec-
tions is nerve root irritation and accompanying 
inflammation. The use of epidural steroids in 
low  back pain is an area of controversy. 
However, most experts agree that a trial of epi-
dural steroids may be ind icated  in rad icular 
pain of less than 12 months duration. Epidural 
steroid  injections have been found to be inef-
fective in the relief of fibromyalgia, ankylosing 
spondylitis, and  functional low -back pain. 
(1:1443, 1448)

559.  (B) Celiac plexus block is both a d iagnostic and 
therapeu tic tool to help  in managing upper 
abdominal pain arising from viscera. Pancreatic 
cancer is the lead ing d iagnosis requiring neu-
rolytic celiac p lexus block; other cond itions 
may include visceral pain arising from malig-
nancies of the liver or GI tract. The procedure 
is performed either under fluoroscopic guid-
ance or CT scan, though blind  approaches 
have also been described. Both single transaor-
tic as well bilateral need le approaches have 
been described . Complications include d iar-
rhea, hypotension, genitofemoral neuralgia, 
infection, bleed ing, damage to surround ing 
structures, and  rarely paralysis. All complica-
tions mentioned  above may occu r excep t 
hypertension. (7:703)

560.  (C) Selective cervical nerve root injection may 
be indicated for diagnosis and treatment of cer-
vical rad iculopathy. Complications other than 
infection, bleeding, and  nerve damage include 
intravascular uptake into the vertebral artery 
or radicular arteries resulting in seizure, stroke, 
or paraplegia. Intraspinal spread  into the epi-
dural space or intrathecal spread  is also pos-
sible, resu lting in  h igh sp inal anesthesia. 
Damage to the sp inal cord  has also been 
reported  with injection into the sp inal cord . 
Consid ering the life-threatening complica-
tions, selective cervical nerve root block should  
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only be performed  by physicians well versed  
in this technique. (5:853-4; 7:741-3)

561.  (B) Oxcarbazepine is an analogue of carbam-
azepine with a keto group at the carbon-10 
position. It is roughly 50% protein bound in the 
p lasma. The dose should  be decreased  at least 
by half if the patient has significant renal insuf-
ficiency. The most frequent adverse effects 
experienced  include d izziness and  vertigo, 
weight gain and edema, GI symptoms, fatigue, 
and  allergic-type reactions. Allergic cross-sen-
sitivity to carbamazepine occurs in about 25% 
of patients and  may be severe. (5:1560)

562.  (E) SCS has been u tilized  by clinicians for a 
variety of chronic pain issues. Although a large 
body of w ork has been published , p recise 
mechanisms of action of SCS remain elusive. 
Animal stud ies suggest that SCS triggers 
release of seroton in , su bstance P, and  
γ -aminobutyric acid  (GABA) within the spinal 
cord  dorsal horn. Pain responds best to SCS 
when it is well localized, such as radicular pain 
in the upper or lower extremities. Diffuse pain 
may be impossible to treat with this modality 
because of the inability to get effective cover-
age with stimulation using SCS. (5:1595; Kumar 
K, et al., Pain 2007; 132:179-88; Deer TR, et al., 
Curr Pain Heache Rep 2009; 131:18-23; Kemler 
MA, et al., J Neurosurg 2008; 108:292-8)

563.  (B) All of the options listed  are important for 
the patient w ith complex regional pain syn-
d rome. In the patient w ith obstructive lung 
d isease, one may want to avoid  the stellate 
ganglion approach, since there is a possibility of 
pneumothorax that could be life-threatening. 
A lumbar sympathetic block would  not be 
used  for pain in the upper extremity. (1:1446)

564.  (A) The following are the usual featu res of 
somatic pain: well localized , sharp  and  defi-
nite, often constant (sometimes period ic); it is 
rarely associated  with nausea except when it is 
deep somatic pain with bone involvement; and  
it may follow the d istribu tion of a somatic 
nerve. In contrast, visceral pain: is poorly 
localized , d iffuse, dull, and  vague; it is often 

periodic and  builds to peaks (sometimes con-
stant); and  it is often associated  with nausea 
and  vomiting. (5:1601-2)

565.  (B) It has been demonstrated  that early postop-
erative pain is a significant pred ictor of long-
term pain. The rest of the answers are correct. 
(5:1299)

566.  (B) PHN affects women more often than men, 
in a ratio of approximately 3:2. The rest of the 
answers are correct. (5:417-9)

567.  (A) The liver receives the major insult from acet-
aminophen toxicity. When very large doses of 
acetaminophen exceed the liver ’s capacity to 
conjugate it to glucuronic acid  or sulfate, it 
undergoes metabolism by CYP2E1 to a toxic 
metabolite that is scavenged  by glutathione. 
Hepatic necrosis ensues when the supply of glu-
tathione is exhausted . Exogenous administra-
tion of the glutathione analogue N-acetylcysteine 
scavenges the reactive metabolite and decreases 
the degree of cell death. N-acetylcysteine should  
be started within 36 h for greatest effectiveness. 
(1:983-4; 5:191)

568.  (E) Opioids produce a dose-dependant respira-
tory depression by acting d irectly on the respi-
ratory centers in the brainstem. Partial agonist 
and  agonist-antagonist opioids are less likely 
to cause severe respiratory depression, as are 
the selective κ-opioid  agonists. Therapeu tic 
doses of morphine decrease minute ventilation 
by decreasing respiratory rate (as oppose to 
tidal volume). Opioids depress the ventilatory 
resp onse to carbon d ioxid e; the carbon 
d ioxide–response curve shows a decreased  
slope and  rightward  shift. The apneic thresh-
old  is decreased  and the increase in ventilatory 
response to hypoxemia is blunted  by opioids. 
Naloxone can effectively and  fully reverse the 
respiratory depression from opioids. (5:710)

569.  (A) Alcohol has a faster onset of action but a 
greater tendency to produce neuritis. It is used  
in concentrations of 50% to 100%. Phenol is 
used  in concentrations of 5% to 20%. (1:1453)
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570.  (D) Current pain theories involve the small 
and large nerves and  a path through the dorsal 
root. Both inhibitory and  excitatory nerves are 
involved . (1:1403; 5:2730; 7:2346)

571.  (B) The first statement better describes trigem-
inal neuralgia. Cluster headache affects more 
males than females w ith a 5:1 ratio and  can 
begin at any age. Attacks are severe, stabbing, 
screwing, unilateral pain, occasionally p re-
ceded by premonitory symptoms, with sudden 
onset and  rapid  crescendo. Therapeutic inter-
ventions for the acute attack include oxygen, 
triptans, d ihydroergotamine, ketorolac, chlor-
promazine, or intranasal lidocaine, cocaine, or 
capsaicin. Melatonin has been found  to be 
moderately effective as a preventive treatment 
in  ep isod ic and  chronic cluster head ache. 
(7:212-4)

572.  (C) PDPH and  SIH are two d istinct clinical 
entities with similar presentations. The head-
ache is always bilateral, located  in the occipital 
and / or frontal area. Although low CSF pres-
sure is often noted , it is not necessary to con-
firm the d iagnosis. (7:242)

573.  (D) The major theoretical complications of glu-
cocorticoid  administration include suppres-
sion of p itu itary-adrenal axis, hypercorticism, 
Cushing synd rome, osteoporosis, avascu lar 
necrosis of bone, steroid  myopathy, epidural 
lipomatosis, weight gain, flu id  retention, and  
hyperglycemia. (7:658-9)

574.  (D) Chronic pain is a major complication of 
SCI. Ep id em iologic stu d ies ind icate that 
approximately two-thirds of all SCI patients 
suffer from chronic pain out of which one-third  
have severe pain. Pain interferes with rehabili-
tation, daily activities, quality of life, and  may 
have significant influence on mood  leading to 
depression and  even suicide. (7:394-5)

575.  (D ) The d iagnosis of CRPS I and  II follow s 
the IASP clin ical criteria. Bone scin tigrap hy 
m ay be a valu able tool to ru le ou t other con-
d itions. CRPS I is more common than CRPS II 
and  the fem ale to m ale ratio is from  2:1 to 
4:1. (7:405-14)

576.  (B) In treating chronic pain, one must remem-
ber that the patient’s perception of the pain 
may not be as bad  as the loss of bowel and  
urinary control and  the absence of sensation. 
This must be thoroughly d iscussed  with the 
patient prior to proceeding. Most pain special-
ists believe that neurolytic blocks should  be 
reserved  for the patient w ith a short life 
expectancy. (1:1453-4)

577.  (E) The premise behind  intrathecal drug deliv-
ery is that by directly depositing drugs into the 
CSF, the first-pass effect is avoided . Intrathecal 
morphine is 300 times more effective than oral 
morphine on a dose basis. From spinal to epi-
dural morphine the conversion is in the ratio 
of 1:10. From epidural to IV morphine the con-
version is in the ratio of 1:10. From IV to oral 
morphine the conversion is in the ratio of 1:3, 
hence 10 ×  10 ×  3 =  300. By the d irect action 
of the m ed ication, the num ber of CN S-
associated  side effects can be reduced . There is 
however, systemic uptake of d rugs adminis-
tered  via the intrathecal route such as opioids, 
but in doses too low to result in analgesia. This 
is d ifferent from administration of opioids into 
the epidural space, where in the case of fen-
tanyl for exam ple, analgesia is med iated  
through systemic up take and  suprasp inal 
effects. (1:20-3; 5:798)

578.  (C) High doses of any opioid  reduce sympa-
thetic ou tpu t allowing the parasympathetic 
ou tp u t to p red om inate. The heart rate 
decreases by stimulation of the vagal center, 
especially with high doses. Meperid ine has an 
atropine-life effect and  may elevate the heart 
rate after IV administration. (5:711)

579.  (B) The stellate ganglion is formed by the fusion 
of the inferior cervical ganglion resting over the 
anterior tubercle of C7 and first thoracic gan-
glion resting over the first rib. (7:696-7)

580.  (D) Tramadol hyd rochloride is a centrally-
acting analgesic that is thought to p rovide 
analgesia via at least two mechanisms: some 
analgesia may be derived  from the relatively 
weak interaction of tramadol with the µ -opioid  
receptor. The second  and  major mechanism, 
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which is thought to account for at least 70% of 
tramadol’s analgesic activity, is via inhibiting 
the reuptake of norepinephrine and  serotonin. 
(5:718)

581.  (E) Paroxysmal hemicranias may be chronic 
(CPH, e.g., daily) or episodic (EPH, e.g., d is-
crete headache periods separated  by periods of 
remission) characterized  by severe, excruciat-
ing, throbbing, boring, or pulsatile pain affect-
ing the orbital, supraorbital, and  temporal 
regions. The pain tends to be associated  with 
at least one of the following signs or symptoms 
ipsilateral to the painfu l side: conjunctival 
injection, nasal congestion, lacrimation, ptosis, 
rhinorrhea, or eyelid  ed ema. Attacks may 
occur at any time, occasionally waking patients 
from sound sleep and  tend  to last for 2-25 min 
(although they may linger for hours). The 
patient generally has 1 to 40 attacks per day. 
Loss of sight is not associated  with these head-
aches. (7:221; 256)

582.  (E) According to trad itional Chinese medicine, 
”qi” (pronounced  ”chee”) is the life force or 
energy that flows through all living things. 
”Qi” affects our body at physical, mental, emo-
tional, and  sp iritual levels. Any imbalance 
(deficiency or excess) or blockage of ”qi” may 
result in d isease or pain. Acupuncture treats 
d isorders by influencing the flow of ”qi,” thus 
restoring the normal balance of organ systems. 
According to a 1998 NIH consensus panel, acu-
puncture may be included  in a comprehensive 
management program for the treatment of a 
variety of cond itions such as headache, fibro-
myalgia, lateral epicondylitis (”tennis elbow”), 
myofascial pain, low back pain, and  osteoar-
thritis. (5:1569)

583.  (A) Ronald  Melzack and  Patrick Wall pub-
lished  the landmark gate control theory in the 
jou rnal Science in  1965. Accord ing to this 
theory, large and  small fibers project to the 
substantia gelatinosa. The substantia gelati-
nosa exerts an inhibitory effect on afferent 
fibers. Large fibers increase the inhibitory 
effect, ”close the gate,” and  decrease the affer-
ent pain signal. Small fibers decrease the inhib-
itory effect, ”open the gate,” and  increase the 

afferent pain signal. This gate control theory is 
commonly cited  as the mechanism of action of 
SCS, but a 2002 review concludes that other 
mechanisms must also play a role. (Oakley JC, 
Prager JP, Spine 2002; 27:2574-83; Melzack R, 
Wall PD, Science 1965; 150:3699)

584.  (C) Aspirin covalently acetylates COX-1 and  
COX-2, irreversibly inhibiting COX activity. 
This makes the duration of asp irin’s effects 
related  to the tu rnover rate of COX in d iffer-
ent target tissues. Other COX inhibitors com-
p etitively inh ibit the active site of COX 
enzym es that relate their  d u ration  m ore 
directly to the time course of drug disposition. 
(1:964)

585.  (E) Traditional nonsteroidal antiinflammatory 
drugs inhibit the prostaglandin G/ H synthase 
enzymes, colloquially known as COX, therefore 
inhibiting the synthesis of prostaglandin E, pros-
tacyclin, and thromboxane. They inhibit the 
activity of not only COX-2 but also COX-1. 
Glucocorticoids inhibit phospholipase A2. (1:959)

586.  (D) Methadone has a variable oral bioavail-
ability between 41% and 99% and, therefore, 
should  be started  with extra caution (low ini-
tial d ose and  slow  subsequent increases). 
Methadone d iffers from all other opioids by its 
noncom petitive antagonist activity at the 
NMDA receptors. Activation of NMDA recep-
tors has been shown to p lay a role in develop-
m ent of tolerance to analgesic effects of 
opioids, as well as in the pathologic sensory 
states, such as neuropathic pain, inflammatory 
pain, ischemic pain, allod ynia, and  sp inal 
states of hypersensitivity. (1:506-7)

587.  (D) Both are clinically used  NMDA receptor 
antagonists that produce analgesia. Clinically 
available compounds that are demonstrated  to 
have N MDA recep tor-blocking p roperties 
includ e ketam ine, d extromethorphan, and  
memantine. Dextromethorphan, for example, 
is effective in the treatment of painful d iabetic 
neuropathy and  not effective in postherpetic 
neuralgia and  central pain. NMDA receptor 
blockers may therefore offer new options in the 
treatment of pain. (1:417; 1778)
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588.  (C) The COX inhibitors are weak organic acids, 
consisting of one or two aromatic rings con-
nected  to an acid ic functional group. They do 
not cross the blood–brain barrier, are 95% to 
99% bound to albumin, are extensively metab-
olized  by the liver, and  have low renal clear-
ance (< 10%). They act mainly in the periphery, 
bu t they may have a central effect. COX-2 
induction within the spinal cord  may play an 
important role in central sensitization. The 
acute antihyperalgesic action of COX inhibi-
tors has been shown to be med iated  by the 
inhibition of constitutive spinal COX-2 that has 
been found to be upregulated  in response to 
inflammation and  other stressors. (5:1302-4)

589.  (A) Occip ital neuralgia involves the greater 
occipital nerve and leads to a chronic headache 
that may extend  to the shoulder or forward  to 
the area around  the eye. It may be due to com-
pression of the occipital nerve within the skull. 
The scapular nerve is not involved  nor is the 
cervical plexus. Occipital nerve block may be 
useful in d iagnosis and  treatment. (1:721)

590.  (B) The tricyclic antidepressants (TCA’s) can be 
d ivided  into tertiary amines and  their demeth-
ylated  secondary amine derivatives. Examples 
of tertiary TCA’s include amitrip tyline, imip-
ramine, clomipramine, and doxepin. Examples 
of second ary TCA’s includ e nortrip tyline, 
desipramine, and  protrip tyline. Trazodone is 
an atypical antidepressant. (1:404)

591.  (A) All of choices listed  are thought to be inhib-
itory modulators in the dorsal horn of the 
spinal cord  with the exception of substance P. 
Substance P is found in the synaptic vesicles of 
unmyelinated  C fibers. It has been shown to 
aggravate pain. (1:1404)

592.  (D) Cutaneous nociceptors are defined by the 
fiber type and the type of stimuli to which they 
respond. Merkel’s disks and Meissner ’s corpus-
cles are touch receptors. Pacinian corpuscles and  
Golgi-Mazzoni endings sense pressure. (1:1435; 
7:2346)

593.  (A) Symptoms of myofascial pain include pain 
in a nondermatomal d istribution. The pain can 

be elicited  by palpating the muscles near the 
affected  area. A mainstay of treatment is the 
injection of local anesthetic into the ”trigger 
point.” (1:1445; 5:2772)

594.  (B) Nociceptive information travels via the spi-
nothalamic tract. The cell body of the primary 
afferent is located  in the dorsal horn. From 
there the impulse travels via the spinothalamic 
tract. Branches may synapse in areas of the 
brain stem, including the periaqueductal gray 
and  the nucleus raphe magnus. The thalamus 
and  sensory cortex are also important in the 
pain pathway. (1:1404; 5:2706)

595.  (C) Gabapentin has a chemical structure simi-
lar to GABA. It seems not to act d irectly at the 
GABA-binding site in the CNS, however. The 
mechanism of action is still unclear. It may 
enhance the release or activity of GABA and 
seems to inhibit voltage-dependent sod ium 
channels. (1:599)

596.  (C) The demand  dose, lockout interval, and  
one-hour limit should  be individually adjusted  
accord ing to the patient’s physiologic status 
and  requirement for analgesia. (5:2734; 7:2330)

597.  (E) The size of the need le used  to deposit the 
neurolytic agent is not important. What is 
important are the location of the injection 
(proximity to the nerve), the concentration of 
the neurolytic agent, the volume of the agent, 
and  the histology of the nerve. Smaller nerves 
are easier to block than larger nerves. (1:1453;
5:2776)

598.  (B) There is some controversy concerning the 
usefulness of intraoperative intercostal blocks. 
Some reports d id  not demonstrate any d iffer-
ence in postoperative ventilation. Most current 
au thors have found  that the postoperative 
course is easier and  shorter if blocks are done 
at the time of the thoracotomy. Most use bupi-
vacaine. There is still a danger of a total spinal 
block and  of administration of a toxic dose of 
the local anesthetic drug. (1:730; 5:2743)

599.  (A) The McGill Pain Questionnaire was devel-
oped  in 1975 by Ronald  Melzack at McGill 
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University in Canada. It consists of three major 
measures: pain rating index, total number of 
words chosen, and  the present pain intensity. 
This is a multid imensional scale for measure-
ment of pain. The questionnaire tries to assess 
the three components of pain postulated  by the 
gate theory: the sensory, the affective, and  the 
evaluative d imensions. (7:73)

600.  (C) The use of hydrophilic opioids like mor-
phine in the epidural space produces a biphasic 

respiratory depression pattern. One portion of 
the initial bolus is absorbed  systemically, 
accounting for the initial phase that usually 
occurs within 2 h of the bolus dose. The second 
phase occurs 6-12 h later owing to the slow ros-
tral spread of the remaining drug as it reaches 
the brainstem. All medications injected  neur-
axially should  be preservative-free. Epidural 
morphine does not cause lower extremity 
weakness. (1:513-4)
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CHAPTER 20

Practice  Tes t
Ques tions

DIRECTIONS (Questions 1-150): Each of the num-
bered  items or incomplete statements in this section 
is followed by answers or by completions of the 
statement. Select the ONE lettered  answ er or 
completion that is BEST in each case.

1. A 58-year-old  male is undergoing open repair 
of a 6.8 cm  infrarenal aortic aneu rysm . 
Preoperative CT-angiogram does not show any 
evidence of aortic occlusion. Clamping of the 
d istal aorta in this patient will most likely be 
followed  by

(A)  increased  card iac output
(B)  decreased  arterial blood  pressure
(C)  decreased  systemic vascular resistance
(D)  increased  stroke volume
(E)  stable heart rate

2. During surgery for strabismus in an otherwise 
healthy 3-year-old  boy, you  note that the 
patient is likely demonstrating the oculocar-
d iac reflex and  you inform the surgeon. All of 
the following are associated  with the oculocar-
d iac reflex EXCEPT

(A)  sinus tachycard ia
(B)  sinus bradycard ia
(C)  atrioventricular block
(D)  fatigability of the reflex
(E)  regional anesthesia

3. A 68-year-old  female is admitted  to the ICU for 
management of peritonitis from a perforated  
d iverticulum demonstrated  on CT scan of the 
abdomen. Her hemodynamic evaluation is 
consistent w ith a p ictu re of sep tic shock. 

Which one of the following statements regard-
ing the use of hetastarch for volume expansion 
is most accurate?

(A)  Hetastarch is less likely than crystalloid  
solutions to cause renal insufficiency.

(B)  Hetastarch is a synthetic colloid .
(C)  Hetastarch is free of allergenic potential.
(D)  Hetastarch, when used  in dose >20 mL/

kg does not interfere with coagulation.
(E)  Hetastarch is metabolized  in the liver to 

glucose monomers.

DIRECTIONS: Use the following scenario to answer 
Questions 4-5: A 27-year-old  G1P0 patient presents 
at 39 weeks gestational age for induction of labor. 
Her prenatal course was complicated  by a history of 
myasthenia gravis (MG). She is currently being 
treated  with pyridostigmine.

4. True statements regard ing myasthenia gravis 
in  p regnancy includ e all of the follow ing 
EXCEPT

(A)  smooth muscle and  card iac muscle are 
not affected  by the d isease

(B)  the d isease affects twice as many 
women as men

(C)  the course of MG in pregnancy varies 
with one-third  showing improvement of 
symptoms, one-third  showing worsen-
ing of symptoms, and  one-third  
showing no change

(D)  there is an association between MG and 
other autoimmune d iseases

(E)  the first stage of labor is prolonged in 
patients with MG

385
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5. The anesthetic management of this patient 
includes all of the following EXCEPT

(A)  opioids should  be used  cautiously in 
this patient

(B)  neuraxial anesthesia is the preferred  
method  for pain management during 
labor

(C)  patients with severe bulbar involvement 
or respiratory compromise may require 
general anesthesia for cesarean section

(D)  succinylcholine should  be avoided  dur-
ing emergent cesarean section

(E)  small doses of neostigmine may be used  
for reversal of neuromuscular blockade

6. A 2-year-old  child  weighing 12 kg is having a 
repair of an umbilical hernia and  a right ingui-
nal hernia. The surgeon asks you how many 
milliliters of 0.5% bupivacaine may be used  for 
local infiltration at the incision sites. Which 
one of the following is the most appropriate 
dose for this patient?

(A)  3 mL
(B)  6 mL
(C)  12 mL
(D)  18 mL
(E)  24 mL

7. An 18-year-old  male takes atenolol daily to 
p revent card iac arrhythmias follow ing his 
d iagnosis of congenital long QT syndrome. He 
is scheduled  for outpatient arthroscopic sur-
gery of the knee. He also has a history of severe 
rash following administration of beta lactam 
antibiotics. Appropriate perioperative antimi-
crobial therapy would  be with

(A)  clindamycin
(B)  azithromycin
(C)  levofloxacin
(D)  gentamicin
(E)  tetracycline

DIRECTIONS: Use the following figure to answer 
Question 8:

8. The figure depicts which mode of mechanical 
ventilation?

(A)  Pressure support
(B)  Pressure control
(C)  Volume control, constant waveform
(D)  Volume control, decelerating waveform
(E)  Airway pressure release ventilation

9. The PaCO2 of a patient on card iopulmonary 
bypass
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(A)  is determined  by the oxygen concentra-
tion of the fresh gas

(B)  is generally ad justed  through changes in 
fresh gas flow rate

(C)  is generally ad justed  through pulmo-
nary ventilation

(D)  should  be maintained  at less than 
30 mmHg

(E)  is determined  by the type of oxygenator

10. A 5-year-old  child  presents for general anes-
thesia for closure of a severe scalp laceration. 
He ate a sandwich 2 h before his accident. He 
should

(A)  have a rapid  sequence induction with 
propofol and  succinylcholine

(B)  have a nasogastric tube passed  to 
remove gastric contents before induction

(C)  not be operated  on for 6 h
(D)  have vomiting induced
(E)  be allowed to awaken with the endotra-

cheal tube in p lace at the end  of the 
procedure

11. You are seeing a ped iatric patient preopera-
tively prior to surgery for correction of scolio-
sis. In  ord er to be p roperly p repared  for 
possible intraoperative blood  loss and  to plan 
for appropriate monitoring, you ask the family 
what type of scoliosis the patient has. All of the 
following types of scoliosis are associated  with 
large expected  am ounts of in traoperative 
blood  loss during scoliosis correction EXCEPT

(A)  Duchenne muscular dystrophy
(B)  spinal muscular atrophy
(C)  arthrogryposis
(D)  Marfan syndrome
(E)  id iopathic infantile scoliosis

12. Well known respiratory physiologic changes 
that occur at term in pregnancy include all of 
the following EXCEPT

(A)  a 40% rise in respiratory rate
(B)  a 45% increase in tidal volume
(C)  an increase in dead  space of 45%

(D)  a decrease in respiratory reserve volume 
of 15%

(E)  a combined  respiratory alkalosis and  
compensatory metabolic acidosis

13. Anesthesia for carotid  endarterectomy gener-
ally involves all of the following EXCEPT

(A)  hypercapnia
(B)  normal or slightly increased  arterial 

oxygen tension
(C)  normal or slightly increased  arterial 

pressure
(D)  systemic heparinization
(E)  normothermia

14. The primary mechanism of spinal opioid  anal-
gesia is via

(A)  activation of presynaptic opioid  
receptors

(B)  activation of postsynaptic opioid  and  
GABA receptors

(C)  activation of opioid  receptors on the 
midbrain

(D)  activation of opioid  receptors on the 
rostral ventromedial medulla

(E)  inhibition of small spinal interneurons

15. A 3-month-old , fu ll term infant, weighing 5 kg 
presents for ventriculoperitoneal shunt place-
ment. The patient is asymptomatic at this time. 
In reviewing labs for this patient, you note that 
the hematocrit is 30. Which one of the follow-
ing statements is true?

(A)  The hematocrit has reached  its lowest 
post-delivery value.

(B)  The patient is anemic and  should  
receive a blood transfusion prior to 
surgery.

(C)  The patient is anemic and  surgery 
should  be postponed  until the hemato-
crit rises.

(D)  The hematocrit is likely low due to d ilu-
tion from IV flu id  infusions.

(E)  The patient is anemic and  should  be 
started  on iron supplementation.
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16. A 48-year-old , 111 kg female presents for surgi-
cal excision of a pheochromocytoma, for which 
she has alread y received  a 14-d  course of 
phenoxybenzamine. The patient is scheduled  
for a combined  ep idural and  general anes-
thetic. The agent that should be avoided during 
maintenance of anesthesia is

(A)  nitrous oxide
(B)  propofol
(C)  desflurane
(D)  isoflurane
(E)  sevoflurane

17. When ventilating the p atien t w ith  a head  
inju ry, all of the following statements are true 
EXCEPT

(A)  the patient should  be kept supine
(B)  prolonged  hyperventilation has d imin-

ished  efficacy in reducing ICP
(C)  PEEP may be appropriate
(D)  hypoxia and  hypercarbia should  be 

avoided
(E)  coughing should  be minimized

18. Esmolol

(A)  is a β 1-adrenoceptor agonist
(B)  has a half-life of 4 h
(C)  is contraindicated  in the patient with AV 

block
(D)  is more likely than propranolol to cause 

bronchospasm
(E)  is metabolized  in the liver

19. In the adult, the tracheobronchial tree

(A)  d ivides at an uneven angle, making 
foreign bod ies more ap t to go to the left 
side

(B)  d ivides into right and  left bronchi, the 
left bronchus being narrower and  longer

(C)  does not move with respiration
(D)  is lined with squamous epithelium
(E)  is protected  by circular cartilaginous 

rings throughout

20. Which one of the following is most likely to 
result in an underestimation of the anion gap 
in critically ill patients?

(A)  Hyperchloremia
(B)  Lactic acidosis
(C)  Hyperphosphatemia
(D)  Hypoalbuminemia
(E)  Hypocapnia

21. Mannitol may lead  to subdural hematoma by

(A)  increasing cerebral edema
(B)  interfering with the clotting mechanisms
(C)  lead ing to d isruption of cortical veins
(D)  producing hypertension
(E)  d irect passage through the vein wall

22. A patient is referred  to you with facial pain. 
Which one of the following statements is true?

(A)  The pain of glossopharyngeal neuralgia 
is very similar to that of trigeminal neu-
ralgia but affects the anterior two-thirds 
of the tongue, tonsils, and  pharynx.

(B)  Giant cell arteritis is a vasculitic condi-
tion that can lead  to visual loss but has 
never been reported  in a case of stroke.

(C)  Cervical carotid  artery d issection most 
commonly presents with neck, head , or 
facial pain.

(D)  Pure facial pain is rarely associated  with 
sinusitis alone.

23. A 135 kg, 48-year-old  female is scheduled  for a 
laparoscopic cholecystectomy under general 
anesthesia. The factor most significant in 
affecting intraoperative arterial oxygenation is

(A)  body position
(B)  mode of ventilation
(C)  body weight
(D)  presence of pneumoperitoneum
(E)  lung compliance

24. Well known hematologic changes that occur in 
p regnancy includ e each of the follow ing 
EXCEPT
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(A)  maternal blood  volume increases by 
approximately 45% at term

(B)  plasma cholinesterase levels decrease by 
about 25% resulting in a clinically rele-
vant prolongation of paralysis after a 
single dose of succinylcholine

(C)  plasma albumin levels drop during 
pregnancy

(D)  the concentrations of most coagulation 
factors increase during pregnancy thus 
representing a relative hypercoagulable 
state

(E)  red  blood cell volume increases second-
ary to increased  production of erythro-
poietin as well as the erythropoietin-like 
effects of progesterone, prolactin, and  
placental lactogen

DIRECTIONS: Use the following scenario to answer 
Questions 25-29: A 65-year-old  male has a right 
hilar mass with postobstructive pneumonia.

25. In  evaluating this patient’s su itability for 
pneumonectomy, w hich one of these tests 
would  be the LEAST useful?

(A)  PaCO2

(B)  PaO2

(C)  FEV1

(D)  FVC
(E)  Ventilation/ perfusion scan (V/ Q scan)

26. The patient is hypoxic on preoperative evalu-
ation. Which therapy is LEAST likely to be 
effective?

(A)  Lateral position
(B)  Chest physical therapy
(C)  Sodium nitroprusside
(D)  Supplemental oxygen
(E)  Pneumonectomy

27. The best method  to provide good  su rgical 
exposure for a left lower lobectomy is

(A)  using a large single-lumen endotracheal 
tube

(B)  using an endotracheal tube with a bal-
looned catheter (Univent) placed  on the 
operative side

(C)  using a right sided  double-lumen tube
(D)  using a left sided  double-lumen tube
(E)  using an LMA

28. After ind uction of general anesthesia, the 
patient is intubated  with a left-sided  double-
lumen tube. When the circuit is connected  to 
the double-lumen tube, it is possible to venti-
late the left lung, bu t not the right lung. 
Possible causes include all EXCEPT

(A)  the tube is advanced  too far
(B)  the right mainstem bronchus is blocked  

by tumor
(C)  the right lumen is blocked  by secretions
(D)  the tube is not advanced  far enough
(E)  the tube is in the wrong side

29. The patient underwent uneventful right pneu-
monectomy and  remains intubated  at the end  
of the procedure. On transferring the patient 
from the operating room table to the bed  for 
transfer to the intensive care unit, there is a 
sudden decrease in blood  pressure. Pulses are 
faint. Appropriate maneuvers include all of the 
following EXCEPT

(A)  placing the patient laterally on his left 
side

(B)  applying suction to the chest tube
(C)  immediately reopening the wound and  

exploring the surgical field
(D)  provid ing oxygen and  managing the 

airway
(E)  supporting card iac function with an ino-

tropic agent
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30. A 32-year-old  G1P0 patient p resents for an 
anesthesia consult at 20 weeks gestational age. 
She has a history of tonic-clonic seizures that 
are well-controlled  on phenytoin. You tell her 
all of the following statements about her condi-
tion are true EXCEPT

(A)  approximately 0.5% of all parturients 
have a chronic seizure d isorder

(B)  single-agent anticonvulsant therapy 
is preferred  over combination therapy

(C)  approximately one-third  of patients will 
experience an increase in seizure fre-
quency during pregnancy

(D)  there is no contraind ication to neuraxial 
anesthesia

(E)  higher estrogen concentrations 
increase the seizure threshold  during 
pregnancy

31. The agent with the highest ratio of β-adrenergic 
agonist to α-adrenergic agonist activity is

(A)  isoproterenol
(B)  dobutamine
(C)  epinephrine
(D)  norepinephrine
(E)  phenylephrine

DIRECTIONS: Use the following scenario to answer 
Questions 32-36: A 33-year-old  multiparous female 
just delivered  healthy twin girls vaginally. After 
delivery she has poor uterine tone, resulting in post-
partum hemorrhage. Her mental status and  blood 
pressure decline, and  you are called  to assist with 
management. You intubate the patient, p lace intra-
venous access, and  resuscitate the patient with 
flu ids and  blood  products while the obstetricians 
control the bleeding. Once stabilized , she is brought 
to the ICU for further care. Over the course of two 
hours, she develops worsening oxygenation. Her 
vital signs are T 37.3°C, HR 93, BP 113/ 64, SpO2 92% 
on FIO2 1.0. She is 5 feet, 2 inches and  76 kg. Her 
hemoglobin is 8 mg/ dL. Chest x-ray shows bilateral 
d iffuse infiltrates. A bedside echocard iogram is 
unremarkable.

32. Which one of the following is the most appro-
priate ventilator setting?

(A)  Volume control TV 250, RR 20, PEEP 5, 
FIO2 1.0

(B)  Volume control TV 300, RR 20, PEEP 5, 
FIO2 1.0

(C)  Volume control TV 300, RR 20, PEEP 12, 
FIO2 1.0

(D)  Volume control TV 440, RR 20, PEEP 5, 
FIO2 1.0

(E)  Volume control TV 440, RR 20, PEEP 12, 
FIO2 1.0

33. Six hours later, she is hemodynamically stable 
and  has requ ired  no fu rther transfusions. 
Repeat hemoglobin is 7.8 g/ dL. INR is 1.6. 
Platelet count is 86,000/ mm3. Which one of the 
following is the most appropriate therapeutic 
intervention?

(A)  No transfusion
(B)  Transfuse one unit of packed  red  blood  

cells
(C)  Transfuse two units of packed  red  blood 

cells
(D)  Transfuse one unit of fresh frozen 

plasma
(E)  Transfuse a single donor unit of platelets

34. Twenty four hours later, the patient has had  a 
d ram atic improvement in  her pu lm onary 
statu s, and  she is extubated  successfu lly. 
Which one of the following is the most likely 
cause of her respiratory failure?

(A)  Amniotic flu id  embolism
(B)  Pneumonia
(C)  Pulmonary contusion
(D)  TRALI (transfusion related  acute lung 

injury)
(E)  Volume overload

35. Mechanical ventilation with PEEP resu lts in 
which one of the following?

(A)  Decreased  preload  and  left ventricular 
afterload

(B)  Decreased  preload  and  increased  left 
ventricular afterload

(C)  Increased  preload  and  decreased  left 
ventricular afterload
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(D)  Increased  preload  and  left ventricular 
afterload

(E)  Increased  preload  and  right ventricular 
afterload

36. Which one of the following has been shown to 
red uce the number of d ays that a patient 
requires mechanical ventilation?

(A)  Daily recruitment maneuvers
(B)  Daily spontaneous breathing trials
(C)  Prophylactic antibiotics
(D)  Scheduled  suctioning
(E)  Volume control ventilation

37. The atypical antipsychotics like clozapine and  
olanzapine d iffer from antipsychotic agents 
like haloperidol and  chlorpromazine in that 
they

(A)  cause less extrapyramidal effects
(B)  do not produce hypotension
(C)  do not cause weight gain and  increased  

appetite
(D)  have less anticholinergic effects
(E)  have not been associated  with a risk of 

new-onset type 2 d iabetes

38. General anesthesia as compared  to regional 
anesthesia in parturients is associated  with all 
of the following EXCEPT

(A)  less hypotension
(B)  less card iovascular instability
(C)  less u terine relaxation
(D)  more rapid  induction
(E)  better control of the airway

39. A 2-year-old  child  is brought to the emergency 
department w ith a 6-d  history of increasing 
cough and  w heezing. Symptoms have not 
respond ed  to bronchod ilator therapy and  
broad-spectrum antibiotics. On examination, 
the child  is agitated , tachypneic, and  has a 
heart rate of 150 bpm. There are decreased  
breath sounds in the right lower zone of the 

lung fields. This clinical presentation is most 
consistent with

(A)  right lower lobe pneumonia
(B)  exacerbation of underlying asthma
(C)  inhaled  foreign body
(D)  acute laryngotracheobronchitis
(E)  ruptured  congenital bullus

40. The blood  flow during total card iopulmonary 
bypass

(A)  is not ad justable
(B)  is virtually nonpulsatile
(C)  provides a pulsatile pressure
(D)  is a pulsatile flow
(E)  mimics normal flow in all respects

41. In neurosurgical patients, dextrose containing 
solutions

(A)  are the fluids of choice
(B)  may cause excessive d iuresis
(C)  may exacerbate hyperglycemia
(D)  may produce brain edema
(E)  lead  to water retention

42. All of the follow ing statements regard ing 
headaches are true EXCEPT

(A)  the International Headache Society’s 
d iagnostic criteria for cervicogenic head-
aches includes unilaterality of symp-
toms and  relief of pain by d iagnostic 
anesthetic blocks

(B)  migraine with aura is more common 
than migraine without aura

(C)  in chronic tension-type headaches, the 
average headache frequency is equal to 
or greater than 15 d  per month

(D)  cluster headaches are more prevalent in 
men than in women

(E)  tricyclic antidepressants are a mainstay 
of treatment for both migraine and  
tension-type headaches
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43. Dexmedetomid ine

(A)  is a hypnotic agent used  for the induc-
tion of general anesthesia

(B)  can markedly reduce the MAC of inha-
lational anesthetics

(C)  when given as an IV bolus of 2 mg/ kg 
will result in an initial decrease in blood 
pressure and  increase in heart rate

(D)  will result in adrenal suppression when 
infused  continuously for postoperative 
sedation

(E)  causes more respiratory depression than 
opioids and  benzodiazepines

44. Preeclampsia is associated  with which one of 
the following find ings?

(A)  Hypovolemia
(B)  Low serum creatinine
(C)  Low hematocrit
(D)  Decreased  serum uric acid
(E)  Hypotension

45. Carbon d ioxide is sometimes added  to the 
fresh gas supply of the oxygenator during 
hypothermic card iopulmonary bypass

(A)  to decrease pulmonary vascular 
resistance

(B)  to increase the affinity of hemoglobin 
for oxygen

(C)  to d ilate coronary arteries
(D)  to maintain the corrected  PaCO2 at 

40 mm Hg

46. A relative, but not absolute, contraindication to 
an epidural steroid  injections is

(A)  preexisting neurologic d isorder (e.g., 
multiple sclerosis)

(B)  sepsis
(C)  therapeutic anticoagulation
(D)  localized  infection at injection site
(E)  patient refusal

47. You are giving a talk to a group of pregnant 
women during a birthing class about the options 
of analgesia during labor. You specifically dis-
cuss epidural analgesia. In your discussion, you 

pull out a diagram of the lumbar spine and you 
specifically state that a catheter will be placed

(A)  below the dura
(B)  between the dural and  the arachnoid
(C)  in the intrathecal space
(D)  between the dura and  the p ia
(E)  between the ligamentum flavum and 

the dura

48. A 74-year-old  man is undergoing a transure-
thral resection of prostate with sorbitol irriga-
tion under spinal anesthesia. Approximately 
1 h after the beginning of the resection, he 
begins to complain of d ifficulty breathing. He 
becomes progressively more confused, tachy-
card ic, and  hypertensive. The serum sodium 
concentration is 114 mEq/ L. While informing 
the surgeon and  asking him to complete the 
procedure expeditiously, the most appropriate 
next step would  be to

(A)  administer labetalol
(B)  ask the surgeon to change the irrigating 

solution to normal saline
(C)  administer furosemide
(D)  induce general endotracheal anesthesia
(E)  administer 3% sodium chloride

49. As the neurosurgeon manipulates tissue in the 
posterior fossa, there is sudden bradycard ia. 
The anesthetist should

(A)  lower the head
(B)  administer lidocaine
(C)  inform the neurosurgeon
(D)  turn off all volatile anesthetics
(E)  administer naloxone to reverse effects of 

opioids

50. Prostaglandin E1

(A)  is a potent vasoconstrictor
(B)  should  be given by bolus
(C)  should  always be stopped  before 

inducing anesthesia
(D)  is useful in closing a patent ductus 

arteriosus
(E)  may cause hypotension
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51. Post-herpetic neuralgia

(A)  is common in child ren and  adolescents
(B)  is best treated  with opioids
(C)  never responds to local application of 

counterirritants
(D)  usually responds to tricyclic 

antidepressants
(E)  is a d ifficult syndrome to treat and  

success is limited

52. A 61-year-old  male with Marfan syndrome is 
referred  for surgical repair of a 6.4 cm ascend-
ing aortic aneurysm that will include replace-
ment of the aortic valve. The surgeon informs 
you that the repair will require deep hypother-
mic cardiac arrest with an expected duration of 
over 30 min. In addition to effective cooling of 
the patient to a core temperature of 25°C, the 
best strategy for the p revention of cerebral 
ischemia during surgery is which one of the 
following?

(A)  Ice packs around the patient’s head
(B)  Selective antegrade cerebral perfusion 

with cold , oxygenated  blood  into a sin-
gle aortic arch branch vessel

(C)  Administration of a barbiturate
(D)  Retrograde cerebral perfusion with cold , 

oxygenated  blood into the superior vena 
cava (SVC)

(E)  Administration of high-dose 
glucocorticoids

DIRECTIONS: Use the following scenario to answer 
Questions 53-55: A 24-year-old  female pedestrian 
was struck by a car 3 d  ago. She was brought to the 
emergency department by emergency medical per-
sonnel, where she was intubated  for confusion and  
combativeness. H er initial trauma evaluation 
revealed  a positive FAST scan. She was taken emer-
gently to the operating room where she underwent 
a splenectomy for a ruptured  spleen. She subse-
quently underwent a more complete trauma evalu-
ation that revealed  a T10 burst fracture and  an 
acetabular fracture. She has been intubated  while 
awaiting repair of her fractures. You are called  to the 
bedside because the patient has developed  fever, 
tachycard ia, hypoxia, and  increased  secretions. 
Chest x-ray shows a new pulmonary infiltrate. She 

has rhonchi but no other changes in her physical 
examination.

53. Which one of the following is the most appro-
priate next step in management?

(A)  Administer an antipyretic
(B)  Administer post-splenectomy vaccines
(C)  Begin chest physiotherapy
(D)  Obtain cultures
(E)  Start antibiotics

54. Which one of the following is the most appro-
priate pharmacotherapy?

(A)  Ceftriaxone
(B)  Levofloxacin
(C)  Linezolid +  ertapenem
(D)  Vancomycin +  ceftriaxone
(E)  Vancomycin +  levofloxacin +  cefepime

55. Forty-eight hours later, the patient is afebrile 
with decreased  secretions and  improved  oxy-
genation. Sputum culture obtained  before ini-
tiation of antibiotics revealed  Haemophilus 
influenzae. What is the most appropriate next 
step  in management?

(A)  Change antibiotics to ceftriaxone only
(B)  Change antibiotics to clindamycin only
(C)  Change antibiotics to vancomycin only
(D)  Continue current antibiotics
(E)  Discontinue all antibiotics

56. All of the following statements are true con-
cerning som atosensory evoked  potentials 
EXCEPT

(A)  waveform peaks are described  in terms 
of amplitude, latency, and  polarity

(B)  amplitude of evoked potentials is greater 
than those of the EEG

(C)  injury is manifested  as an increase in 
latency and / or decrease in amplitude

(D)  brain stem potentials are more resistant 
to anesthetic influences than cortical 
potentials

(E)  volatile anesthetics produce 
dose-dependent alterations in evoked 
potentials
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57. You are called  to a delivery room where the 
obstetrician has d ecid ed  to perform a low 
outlet forceps delivery in a patient. All of the 
following techniques are appropriate EXCEPT

(A)  bilateral pudendal block
(B)  paracervical block
(C)  subarachnoid  block
(D)  caudal block
(E)  epidural block

58. Terbutaline

(A)  is an α-adrenergic agonist
(B)  is a selective β 2-adrenergic agonist
(C)  causes more tachycard ia than 

isoproterenol
(D)  should  be avoided  in patients with heart 

d isease
(E)  causes hyperkalemia

59. The one best block for pain secondary to pan-
creatic cancer is a(n)

(A)  stellate ganglion block
(B)  Bier block
(C)  block of the hypogastric plexus
(D)  celiac plexus block
(E)  intrathecal neurolysis

60. Pulmonary vascular resistance is increased  by

(A)  sevoflurane
(B)  desflurane
(C)  isoflurane
(D)  nitrous oxide
(E)  oxygen

DIRECTIONS: Use the following figure to answer 
Questions 61-62:
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61. The tracing in the graph show s a pattern 
referred  to as

(A)  early deceleration
(B)  late deceleration
(C)  saltatory deceleration
(D)  variable deceleration
(E)  sinusoidal deceleration

62. This type of fetal heart rate pattern is usually 
associated  with

(A)  u teroplacental insufficiency
(B)  head  compression
(C)  cord  compression
(D)  severe fetal asphyxia
(E)  prematurity

63. Com plications of sp inal cord  stim u lation 
include all of the following EXCEPT

(A)  lead  migration
(B)  increased  risk of development of 

chordoma
(C)  lead  breakage
(D)  bleed ing

64. A 58-year-old  otherwise healthy man is under-
going repair of an Achilles tendon rupture. The 
orthoped ic su rgeon asked  that the low er 
extremity tourniquet remain inflated  through 
the entire 2-h procedure. Upon release of the 
tourniquet, you will expect to see

(A)  decreased  end-tidal CO2

(B)  metabolic alkalosis
(C)  increased  blood pressure
(D)  decreased  body temperature
(E)  increase in anesthetic requirements

65. A 72-year-old  male with Parkinson d isease on 
levodopa is scheduled  for surgery. The anes-
thetic plan should  include

(A)  stopping levodopa for 24 h before 
induction

(B)  avoidance of phenothiazines
(C)  use of neuroleptanesthesia as the 

technique

(D)  anticipated  need  for larger than usual 
doses of pressors

(E)  use of high concentrations of a volatile 
agent in lieu of a nondepolarizing mus-
cle relaxant

66. Acute treatment of cerebral edema includes all 
of the following EXCEPT

(A)  osmotic d iuretics
(B)  loop d iuretics
(C)  glucocorticoids
(D)  surgical decompression
(E)  drainage of CSF

67. You are called  to the labor and delivery suite to 
evaluate a patient who has just delivered . The 
obstetrician states the uterus is atonic. Each of 
the following may be used  to treat the u terine 
atony EXCEPT

(A)  uterine massage
(B)  intramuscular methylergonovine
(C)  intrauterine prostaglandin F2α

(D)  intravenous methylergonovine
(E)  intravenous oxytocin

DIRECTIONS: Use the following figure to answer 
Question 68:
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68. The flow/ volume curve shows

(A)  normal inspiratory and  expiratory 
volume curves

(B)  fixed  intrathoracic or extrathoracic 
obstruction

(C)  variable intrathoracic obstruction
(D)  variable extrathoracic obstruction

69. A 6-month-old  infant, born full term, presents 
for elective inguinal hernia repair. The infant is 
otherwise healthy, and  in no acu te d istress. 
Which one of the following are normal heart 
rate, blood  pressure and  O2 consumption for 
this patient?

(A)  HR 120, BP 90/ 60, O2 consumption 
5 mL/ kg

(B)  HR 140, BP 90/ 60, O2 consumption 
10 mL/ kg

(C)  HR 140, BP 70/ 40, O2 consumption 
5 mL/ kg

(D)  HR 120, BP 90/ 60, O2 consumption 
15 mL/ kg

(E)  HR 120, BP 110/ 70, O2 consumption 
10 mL/ kg

70. Diagnostic criteria for cervicogenic headache 
by the International Headache Society and  the 
International Association for the Study of Pain 
(IASP) include all of the following EXCEPT

(A)  unilateral headache
(B)  relief of acute attacks by blocking the V2 

branch of the trigeminal nerve with 
local anesthetic

(C)  aggravation of the headache with neck 
movements

(D)  decreased  range of neck motion

71. Upon doing a morning postoperative check on 
a patient who underwent a total thyroidec-
tomy for a longstanding multinodular goiter 
the previous afternoon, you notice he is some-
what stridorous, with sternal retractions. He 
asks why the anesthesia has made his fingers 
and  toes tingle. On evaluation you note

(A)  a positive Chvostek sign
(B)  d iminished  reflexes

(C)  a negative Trousseau sign
(D)  edema of his upper extremities
(E)  incisional swelling

72. α-ad renocep tors in the ad renergic nervous 
system

(A)  are stimulated  by isoproterenol
(B)  are blocked  by metoprolol
(C)  cause vasoconstriction
(D)  cause bronchial d ilatation
(E)  are found  on adipocytes

73. Patients with acute subarachnoid  hemorrhage 
may demonstrate all of the following EXCEPT

(A)  ST segment elevation consistent with 
myocard ial ischemia

(B)  card iac arrhythmia
(C)  elevated  card iac enzymes
(D)  depressed  ventricular function
(E)  pulmonary hypertension

74. All of the following are indicative of fetal well-
being EXCEPT

(A)  good long-term variability
(B)  biophysical profile score of 8/ 10
(C)  reactive non-stress test
(D)  a positive oxytocin contraction stress 

test
(E)  fetal scalp  pH of 7.27

75. A healthy 29-year-old  w om an d elivers a 
healthy full term neonate. There have been no 
problems or complications during pregnancy 
or labor and  delivery. The neonate’s 1- and  
5-min Apgar scores were 8 and  9, respectively. 
Both mother and  infant are doing well. All of 
the following would  be expected  to occur in 
the first 24 h of life of this neonate EXCEPT

(A)  functional closure of the foramen ovale
(B)  functional closure of the ductus 

arteriosus
(C)  decrease in afterload  on the left ventricle
(D)  increase in pulmonary blood flow
(E)  large increase in volume load  on left 

ventricle
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76. In terms of complex regional pain syndrome 
(CRPS), which one of the following statements 
is true?

(A)  The incidence of CRPS is 20% after brain 
lesion.

(B)  Extremities affected  by a brain injury are 
at higher risk of developing CRPS than 
unaffected  extremities.

(C)  CRPS following spinal cord  injury is 
frequent.

(D)  Lower extremities are more commonly 
affected  than upper extremities.

77. A patient is scheduled  for a CO2 laser ablation 
of a laryngeal tumor. The risk of airway fire is 
decreased  by

(A)  a fresh gas flow less than 2 L/ min
(B)  use of a clear PVC endotracheal tube
(C)  use of a petroleum-based  lubricant
(D)  substitu tion of helium for N 2O
(E)  use of the laser in continuous mode

78. In preeclamptic or eclamptic patients

(A)  regional anesthesia is contraind icated
(B)  hyporeflexia is common
(C)  flu id  restriction is necessary because of 

the presence of pulmonary edema in a 
majority of patients

(D)  resistance to vasopressors is common
(E)  significant coagulopathies may occur

79. An 81-year-old  woman slipped  on a piece of 
ice and  in the process sustained  an open right 
d istal u lna fracture in her outstretched  hand . 
All of the following are reasonable regional 
anesthetic blocks for su rgeries d istal to the 
elbow EXCEPT a(n)

(A)  axillary block
(B)  supraclavicular block
(C)  infraclavicular block
(D)  interscalene block

80. A 6-year-old  patient is undergoing a craniot-
omy in the prone position for removal of a pos-
terior fossa tumor. You  are concerned  about 

venous air embolism and  hemodynamic insta-
bility during this su rgery so you  are using 
multiple monitors during this surgery in add i-
tion to the standard  ASA monitors. These 
include an arterial catheter, end-tidal nitrogen, 
and  esophageal stethoscope. Of the following 
monitors, which one is the most sensitive ind i-
cator of a venous air embolism?

(A)  End-tidal nitrogen
(B)  Blood  pressure
(C)  End-tidal carbon d ioxide
(D)  Change in ECG
(E)  Esophageal stethoscope

81. A 1-month-old  infant presents for exploratory 
laparotomy for symptoms of bowel obstruc-
tion. The initial temperature after induction is 
noted  to be 35.6°C. At the time of incision, the 
temperature is noted  to be 34.9°C. All of the 
following are mechanisms by which an infant 
under anesthesia loses body heat EXCEPT

(A)  the metabolism of brown fat
(B)  breathing dry gases
(C)  conduction to cold  surroundings
(D)  cold  skin preparation solutions
(E)  exposure of abdominal contents

82. Which one of the following is a possible advan-
tage of acupuncture over other methods of 
pain therapy?

(A)  Safety, since the physiology of the 
patient is not d isturbed

(B)  A tonic or regulatory effect on the body
(C)  Long-lasting residual effects
(D)  An anti-inflammatory effect

83. A 72-year-old  patient with a history of closed  
angle glaucoma presents for cataract surgery. 
In order to prevent an increase in intraocular 
pressure, one should  avoid

(A)  hypothermia
(B)  hypercarbia
(C)  intravenous acetazolamide
(D)  hypotension
(E)  topical timolol
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84. A 68-year-old  male is scheduled  to have endo-
vascular stent graft repair of a 7.4 cm descend-
ing thoracic aortic aneurysm. The patient’s 
past medical history is significant for insulin 
dependent d iabetes, hypertension, hypercho-
lesterolemia, and  myocard ial infarction. The 
patient’s past surgical history is significant for 
infrarenal aortic aneurysm repair. In order to 
decrease the risk of spinal cord  ischemia, the 
patient will undergo preoperative p lacement 
of a lumbar drain for CSF drainage. Which one 
of the following add itional interventions is 
most appropriate to decrease the risk of spinal 
cord  ischemia in this patient?

(A)  Deep hypothermic circulatory arrest 
(DHCA)

(B)  Pulse dose glucocorticoid  therapy
(C)  High-dose opioid  anesthesia technique
(D)  Deliberate mild  to moderate systemic 

hypothermia
(E)  Deliberate mild  to moderate 

hypotension

85. β 2-ad renocep tors in the au tonomic nervous 
system

(A)  are stimulated  by isoproterenol
(B)  are antagonized  by esmolol
(C)  are activated  by clonid ine
(D)  cause vasoconstriction
(E)  are the principal prejunctional receptors 

that inhibit sympathetic neurotransmit-
ter release

DIRECTIONS: Use the following scenario to answer 
Questions 86-87: A 67-year-old  woman with COPD 
is admitted  to the ICU with pneumonia and  respira-
tory failure several days following video-assisted  
thoracoscopic lung resection of squamous cell carci-
noma. Her height is 63 inches, weight 80 kg (ideal 
body weight 52 kg). Vital signs are T 38.2°C, HR 98, 
BP 110/ 72, RR 36, SpO2 96% while mechanically 
ventilated  with FIO2 1.0. Sputum cultures reveal 
abundant growth of Streptococcus pneumoniae.

86. Which one of the following ventilator settings 
is most likely beneficial in preventing ventila-
tor induced  lung injury?

(A)  Tidal volume 520 mL
(B)  PEEP equal to 0 cm H 2O
(C)  Inspiratory time < 1 sec
(D)  Plateau pressure < 30 cm H 2O
(E)  Recruitment maneuver with CPAP =

40 cm H 2O

87. After 24 h of mechanical ventilation, a sponta-
neous breathing trial (SBT) is cond ucted . 
Which one of the following combinations of 
criteria during the SBT suggest that extubation 
should  be considered?

(A)  RR 36, SpO2 95%, HR 88
(B)  RR 18, SpO2 91%, HR 90
(C)  Patient requesting to be extubated , SBP 

200 mm Hg, HR 150
(D)  RR 32, SpO2 96%, patient reporting 

shortness of breath and  anxiety
(E)  RR 12, SpO2 89%, HR 87

88. Increased  neonatal d ep ression  has been 
observed  after nonurgent cesarean delivery in 
which one of the following circumstances?

(A)  General anesthesia compared  to regional 
anesthesia

(B)  An elapsed  time of 8 min between 
induction and  delivery

(C)  Use of a volatile agent
(D)  An elapsed  time of 4 min between uter-

ine incision and  delivery
(E)  epidural versus spinal anesthesia

89. Con cern in g  in d u ced  h yp oten sion  in 
neurosurgery

(A)  induced  vasod ilation may facilitate 
perfusion during ischemia

(B)  is best provided with phenoxybenzamine
(C)  may be required  for brief periods
(D)  may decrease physiologic dead  space
(E)  is relatively contraindicated  for any 

length of time during intracranial 
surgery

DIRECTIONS: Use the following scenario to answer 
Questions 90-91: A-22 year-old  male presents for left 
shoulder arthroscopy with a rotator cuff repair after 
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sustaining a basketball inju ry. The follow ing 
ultrasound-guided  nerve block was performed  for 
postoperative analgesia.

90. The nerve that will most likely be spared  is the

(A)  phrenic nerve
(B)  musculocutaneous nerve
(C)  u lnar nerve
(D)  suprascapular nerve
(E)  rad ial nerve

91. Thirty minutes after the block is performed the 
patient is noted  to have sensation on the cape 
of the ipsilateral shou lder. The most likely 
reason for this is failure to

(A)  block the axillary nerve
(B)  block the superficial cervical plexus
(C)  anesthetize the suprascapular nerve
(D)  anesthetize the musculocutaneous nerve
(E)  perform a T1 paravertebral block

92. A 5-year-old  boy presents for elective outpa-
tient repair of an inguinal hernia. His parents 
inform you  that he has a runny nose with 
yellow nasal d ischarge and  a mild  occasional 
wet cough. They deny any fevers. He has been 
eating and  d rinking normally and  has been 

active as usual. Lungs are clear to auscultation 
bilaterally. You inform the parents that you 
will

(A)  proceed  with surgery today
(B)  prescribe antibiotics for the patient
(C)  admit to the floor postoperatively for 

overnight monitoring
(D)  postpone surgery for 2-4 weeks
(E)  administer an albuterol nebulizer 

preoperatively and  postoperatively as 
needed

93. An advantage of selective COX-2 inhibitors 
over nonselective COX inhibitors is

(A)  protective renal effects
(B)  protective card iovascular effects
(C)  inhibit production of thromboxane A2
(D)  fewer GI side effects

94. The medication occasionally used as a bedtime 
sedative that is associated  with CNS excitation 
a few hours after taking it is

(A)  d iphenhydramine
(B)  ethanol
(C)  pentobarbital
(D)  eszopiclone
(E)  melatonin

95. What is the meaning of the term ”left dominant” 
on a cardiac catheterization report?

(A)  It refers to the blood supply of the sinus 
node by the left circumflex artery.

(B)  It ind icates that the patient has left ven-
tricular hypertrophy.

(C)  It ind icates that the entire left ventricle 
is supplied  by the left coronary artery.

(D)  It ind icates that the posterior descend-
ing artery is supplied  by the left 
circumflex artery.

(E)  It ind icates a large left anterior 
descend ing artery.
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96. Complex regional pain syndrome is character-
ized  by all of the following EXCEPT it

(A)  may result from a gunshot wound
(B)  is generally less severe in persons with 

underlying anxiety or depression
(C)  can respond  to sympathectomy
(D)  is often accompanied  by dystrophic 

changes of bone

97. Seizures

(A)  produce cerebral alkalosis
(B)  are terminated  by isoflurane anesthesia 

at 1 MAC
(C)  generate burst activity on EEG
(D)  reduce regional cerebral blood flow and 

metabolism
(E)  are initiated  by most general anesthetics

98. A 5-week-old  infant presents for pyloromyot-
omy. The anesthetic p lan includes a rap id  
sequence induction and  intubation. Several 
steps in positioning and  equipment selection 
are taken to aid  in securing the airway as rap-
id ly as possible. All of the following are true of 
the infant’s airway relative to an adult’s airway 
EXCEPT

(A)  the infant has a more cephalad-placed  
larynx

(B)  the infant’s epiglottis is long and  omega 
shaped

(C)  the infant’s vocal cords are slanted  
down and anteriorly

(D)  the narrowest area of the infant’s airway 
is at the rima glottid is

(E)  the infant’s tongue is larger relative to 
the rest of the airway

99. A 30-year-old  G4P0 patient with a history of 
antiphospholip id  synd rome and  recu rrent 
pregnancy loss p resents at 20 w eeks gesta-
tional age for an anesthesia consult. She is cur-
rently on aspirin and  a prophylactic dose of 
low molecular weight heparin (LMWH) once 
daily. She asks about her d isease and  preg-
nancy. You tell her that

(A)  epidural anesthesia is contraindicated  
secondary to the increased  risk of 
bleeding with lupus anticoagulant 
present

(B)  she must wait 24 h from the last dose 
of LMWH to receive neuraxial 
anesthesia

(C)  most infants of women with antiphos-
pholipid  syndrome have an increased  
rate of neonatal or childhood 
complications

(D)  lupus anticoagulant and  anticard iolip in 
antibody are associated  with both 
venous and  arterial thrombotic events

(E)  women d iagnosed  with antiphospholip-
id  syndrome on the basis of a history of 
recurrent pregnancy loss and  evidence 
of antiphospholipid  antibody, but with-
out prior thrombotic events, often suffer 
thrombotic events during pregnancy

100. Arrhythm ia is associated  w ith  all of the 
following EXCEPT

(A)  orbital decompression
(B)  tentorial manipulation
(C)  spinal cord  rhizotomy
(D)  arterial venous malformation 

embolization
(E)  carotid  artery balloon angioplasty

101. Preeclampsia is characterized  by all of the fol-
lowing EXCEPT

(A)  intravascular volume depletion
(B)  proteinuria
(C)  occurrence anytime time pregnancy
(D)  no change in placental perfusion
(E)  decreased  production of renin

102. An active agent useful in the performance of a 
neurolytic block is

(A)  40% potassium hydroxide
(B)  10% glycerin
(C)  50% alcohol
(D)  100% phenol
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103. A major side effect of valproic acid  is

(A)  decreased  renal function
(B)  elevation in liver enzymes
(C)  potentiation of muscle relaxants
(D)  arrhythmias
(E)  anemia

DIRECTIONS: Use the following scenario to answer 
Questions 104-106: A 42-year-old  female with a 
longstanding history of type I d iabetes and  end-
stage renal d isease requiring d ialysis has received  
the call that an appropriate kidney is now available 
for transplant. She is scheduled  for immediate 
transplant, and  arrives, quite anxious, d irectly from 
d ialysis to the preoperative area. She has been NPO 
for 4 h. Preoperative labs include Hgb of 8.4 g/ dL, 
glucose 183 mg/ dL, and  [K+ ] 5.3 mEq/ L. Her vital 
signs are BP 112/ 62, HR 104 bpm, SpO2 97%. The 
anesthetic plan is for general anesthesia.

104. The anesthetic agent best avoid ed  in  this 
patient is

(A)  etomidate
(B)  N 2O
(C)  succinylcholine
(D)  sevoflurane
(E)  vecuronium

105. The surgeon is concerned  about the risk of a 
postoperative ep idural hematoma, and  asks 
that you use parenteral opioids for postopera-
tive analgesia rather than place an ep idural 
catheter. As he completes the procedure, the 
surgeon expresses concern about the function-
ing of the transplanted  kidney. The opioid  that 
would  be affected  the most by this patient’s 
renal dysfunction is

(A)  fentanyl
(B)  hydromorphone
(C)  morphine
(D)  sufentanil

106. Which one of the following maneuvers is the 
most effective means to prevent acute tubular 

necrosis and  thereby facilitate immediate graft 
function in this patient?

(A)  Volume expansion with saline, albumin 
and / or blood

(B)  Volume expansion plus mannitol
(C)  Addition of cyclosporine
(D)  Volume expansion plus furosemide

107. A 27-year-old  G1P0 patient p resents for an 
anesthesia consult at 20 weeks gestational age. 
Her prenatal course is notable for a history of 
corrected  id iopathic scoliosis. True statements 
regard ing her d isease in pregnancy include all 
of the following EXCEPT

(A)  pregnant women with corrected  id io-
pathic scoliosis tolerate pregnancy, 
labor, and  delivery well

(B)  insertion of an epidural need le in the 
fused  area may not be possible

(C)  the spread  of injected  local anesthetic 
may be altered  resulting in an increased  
incidence of inadequate analgesia after 
epidural p lacement

(D)  80% of patients undergo fusion to the 
lowest lumbar levels, limiting the poten-
tial for neuraxial anesthesia

(E)  there is a higher incidence of dural 
puncture

108. A 72-year-old  female patient is undergoing 
right pneumonectomy for lung cancer. After 
starting one-lung ventilation with oxygen and  
isoflurane, a tidal volume of 500 mL, and  a rate 
of 10 breaths per minute, the patient’s oxygen 
saturation starts to fall as the surgeon is opening 
the chest. The most effective means of improv-
ing the oxygen saturation is

(A)  increasing oxygen flow to the anesthesia 
circuit

(B)  adding 10 cm H 2O PEEP to the 
ventilated  lung

(C)  clamping the right pulmonary artery
(D)  starting intravenous nitroglycerin
(E)  increasing the concentration of 

isoflurane
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109. A 35-year-old  G1P0 patient with a history of 
chronic hypertension who takes lisinopril pres-
ents for her first prenatal visit at 12 weeks ges-
tational age. The obstetrician calls and  asks 
your opinion regard ing her medication. You 
advise the obstetrician that which one of the 
following drugs has the best safety profile in 
pregnancy?

(A)  Labetalol
(B)  Nifed ipine
(C)  Methyldopa
(D)  Furosemide
(E)  Captopril

110. Management of the airway during induction 
of general anesthesia in a patient in a halo 
brace for a nondisplaced  unstable fracture of 
C6 incurred in a high-speed motor vehicle acci-
dent includes all of the following EXCEPT

(A)  assessment for injuries of the face
(B)  awake fiberoptic intubation
(C)  adequate anesthesia of the trachea to 

prevent coughing
(D)  removal of the cervical brace for 

intubation
(E)  nasal or oral route of intubation

111. An elderly gentleman presenting to the pain 
clinic complains of right-sided  thoracic pain. 
He developed  a very painful rash that started  
about 6 months ago. The lesions are now gone, 
but he states that the pain is persistent. A ben-
eficial therapy modality is

(A)  high-dose aspirin
(B)  TENS (transcutaneous electrical nerve 

stimulation)
(C)  tricyclic antidepressants
(D)  opioids

112. A 3-year-old , previously healthy child , pres-
ents for an urgent left sided  VATS procedure 
and chest tube placement for a parapneumonic 
effusion. The child  is on 3 liters of oxygen by 
nasal cannula w ith Sp O2 of 92-95%. She is 
tachypneic, but does not appear to be in d is-
tress and  is hem od ynam ically  stable. 

Which one of the following is true regard ing 
management of ventilation in this patient?

(A)  Use of a double lumen tube would  be 
the best way to provide lung isolation in 
this case.

(B)  Because the blocker tube is attached  to 
the main endotracheal tube in a Univent 
tube, there is greater chance of d isplace-
ment of the blocker than when other 
blockers are used .

(C)  Lung isolation is not likely to be neces-
sary for this procedure.

(D)  An arterial catheter will be necessary to 
guide ventilation management.

(E)  If a bronchial blocker is used  to provide 
lung isolation for this procedure, a 
larger endotracheal tube will be 
required  in order to allow the passage of 
the fiberoptic bronchoscope and  the 
bronchial blocker.

113. The neural pathways that are responsible for 
the transmission of pain during the first and  
second stages of labor are

(A)  T6 – T12 and  S1 – S4
(B)  T8 – L2 and  S1 – S3
(C)  T10 – L1 and  S2 – S4
(D)  T10 – L5
(E)  T12 – L3 and  S2 – S5

114. A 38-year-old  woman presents with palpita-
tions and  is found to be in atrial fibrillation. 
She is otherwise healthy and  active. An echo-
card iogram is performed  that reveals a con-
genital card iac lesion . The m ost likely 
d iagnosis in this patient is

(A)  ventricular septal defect
(B)  atrial septal defect
(C)  coarctation of the aorta
(D)  patent ductus arteriosus
(E)  pulmonary stenosis

DIRECTIONS: Use the following scenario to answer 
Questions 115-116: A 65-kg patient presents for elec-
tive CABG. Induction of anesthesia is facilitated  
with fentanyl 15 mcg/ kg, midazolam 150 mcg/ kg, 
propofol 0.8 mg/ kg, and  rocuronium 0.8 mg/ kg. 
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Anesthesia is maintained  with isoflurane 0.7 MAC 
in oxygen and  air, and  initial minute ventilation is 
set at 4 L/ min. During the prebypass period  the 
patient develops tachycard ia, hypotension, and  
subsequent ST elevations in lead  V, as well as a rise 
in the pulmonary artery (PA) pressure.

115. The rise in PA pressure is most likely caused by

(A)  myocard ial ischemia
(B)  pulmonary embolism
(C)  hypoventilation
(D)  hypovolemia
(E)  light anesthesia

116. Administration of which one of the following 
agents is most appropriate in this situation?

(A)  Epinephrine
(B)  Glycopyrrolate
(C)  Phenylephrine
(D)  Sodium nitroprusside
(E)  Nicard ipine

DIRECTIONS: Use the following scenario to answer 
Questions 117-118:A 2-year-old  child  presents for 
strabismus repair. The child  is otherwise healthy. 
After an uneventful induction and  intubation, sur-
gery begins. During the procedure the patient’s 
heart rate acutely decreases from sinus rhythm at 
110 bpm to sinus rhythm at 50 bpm. The blood pres-
sure is normal and  stable.

117. Which one of the following is the best treat-
ment for this?

(A)  Preoperative atropine
(B)  A retrobulbar block
(C)  Inform the surgeon and  request that he/

she stop until the heart rate recovers
(D)  Administration of vecuronium
(E)  Administration of neostigmine

118. Which one of the following are the respective 
afferent and  efferent limbs of the reflex that 
resulted  in the patient’s bradycard ia?

(A)  Ciliary nerve and  vagus nerve
(B)  Trigeminal nerve and  facial nerve

(C)  Trigeminal nerve and  vagus nerve
(D)  Vagus nerve and  ophthalmic nerve
(E)  Ciliary nerve and  facial nerve

119. A 30-year-old  G2P1 patient p resents for an 
anesthetic consultation at 20 weeks gestational 
age. Her prenatal course is complicated  by 
Graves d isease. She has not undergone rad io-
active iod ine treatment to date and  is currently 
on methimazole. True statements regard ing 
her care include all of the following EXCEPT

(A)  rad ioactive iodine is contraindicated  
during pregnancy

(B)  the mainstay of treatment for hyperthy-
roid ism during pregnancy is the use of 
antithyroid  medication

(C)  methimazole does not cross the placenta 
in appreciable amounts.

(D)  thyroid  storm occurs in 2-4% of preg-
nant patients with hyperthyroid ism

(E)  hyperthyroid  patients should  receive 
glucocorticoid  supplementation

120. In comparing zaleplon and  triazolam, which 
one of the following adverse effects is LEAST 
likely to occur with zaleplon although it com-
monly occurs with the use of triazolam?

(A)  Prolonged sedation
(B)  Abolition of REM sleep
(C)  Extrapyramidal effects
(D)  Ventilatory depression
(E)  Amnesia

121. Therapy for a patient with closed  head  trauma 
and elevated intracranial pressure may include

(A)  avoidance of sedation to maintain an 
unequivocal neurological exam

(B)  use of pressors to maintain cerebral per-
fusion pressure at 80 mm Hg or above

(C)  head  down position to improve 
perfusion

(D)  endotracheal intubation and  mechanical 
ventilation for hypoxemia

(E)  routine hyperventilation
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122. A newborn is noted  to have aspirated  meco-
nium. The oropharynx is suctioned  and  the 
patient remains stable with oxygen adminis-
tered  by nasal cannula. Which one of the fol-
lowing is true of this patient?

(A)  This patient was likely born prematurely.
(B)  The long-term outcome for this patient 

is poor.
(C)  Chest physical therapy is not ind icated .
(D)  This patient most likely had  in utero 

stress and  fetal hypoxia.
(E)  Vagal stimulation may cause passage of 

meconium in u tero.

123. α1-antitrypsin deficiency is

(A)  a nonvascular lung d isease
(B)  determined  by a serum assay
(C)  nonfamilial
(D)  due to a lack of an enzyme produced  by 

the lung
(E)  the most common cause of COPD

124. The prevalence of obesity in the general popu-
lation has been growing at an alarming rate 
and  is reaching epidemic proportions. All of 
the following are true statements regard ing 
morbid  obesity in pregnancy EXCEPT

(A)  there is a significantly higher failure rate 
of epidural blocks

(B)  longer-than-normal spinal needles are 
more frequently required  for neuraxial 
anesthesia than longer-than-normal epi-
dural needles

(C)  morbid  obesity further increases the 
risks of maternal morbid ity, fetal injury, 
and  anesthesia-related  maternal death 
during and  after cesarean section

(D)  there is a higher risk of both preterm 
delivery and  delivery of a low-birth-
weight infant

(E)  morbid ly obese patients who have 
undergone cesarean section should  be 
monitored  with continuous pulse 

oximetry after d ischarge from the post-
anesthesia care unit

DIRECTIONS: Use the following scenario to answer 
Questions 125-126: A 52-year-old  man is admitted  to 
the ICU after he was rescued  from a burning home. 
He was intubated  without sedative medications in 
the emergency department and  transferred  to the 
ICU on mechanical ventilation. He has neither evi-
dence of burns to his skin nor evidence of inhalation 
injury on external exam. He is comatose. Vitals 
show T 37.8°C, HR 122, BP 145/ 90, SpO2 100% on 
FIO2 1.0. A head  CT scan is unremarkable.

125. Which one of the following is the most likely 
explanation for the normal oxygen saturation?

(A)  Carboxyhemoglobin
(B)  Sickle cell anemia
(C)  Methemoglobinemia
(D)  Methylene blue administration
(E)  High FIO2

126. The patient is transported  to the hyperbaric 
oxygen (HBO) chamber for therapy. Which one 
of the following complications of HBO treat-
ment may be seen in the chamber?

(A)  Bradycard ia
(B)  Skin erythema
(C)  Euphoria
(D)  Seizures
(E)  Chest pain

127. You are called  to help resuscitate a newborn in 
the delivery room. The neonate is a 38-week 
gestational age female with an Apgar score of 
4 at one minute. All of the following are appro-
priate interventions EXCEPT

(A)  clearing of the airway with a bulb 
syringe

(B)  intubation immediately
(C)  bag mask ventilation of lungs at 

60 breaths/ min
(D)  stimulation of the neonate
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128. Which one of the follow ing med ications is 
MOST selective for inhibiting COX-2?

(A)  Celecoxib
(B)  Ibuprofen
(C)  Indomethacin
(D)  Ketorolac
(E)  Acetaminophen

129. When properly positioned, a left-sided double-
lumen tube will have its lumens end ing

(A)  in the left bronchus and  the right 
bronchus

(B)  in the left bronchus and  in the trachea
(C)  in the right bronchus and  in the trachea
(D)  in the left upper lobe bronchus and  in 

the left lower lobe bronchus
(E)  both in the trachea

130. A 68-year-old  patient is on long term COX 
inhibitor therapy as part of her treatment for 
severe rheumatoid  arthritis. The most common 
adverse effect of this class of d rugs is

(A)  gastric side effects
(B)  ischemic heart d isease
(C)  blood  pressure elevation
(D)  analgesic nephropathy
(E)  hypersensitivity

131. A 3-year-old  child  experiences burn injuries to 
50% of her body surface area. She also has sig-
nificant inhalation injury. Which one of the fol-
lowing statements is true?

(A)  Within 4 d  an amount of albumin equal 
to about the total body plasma content 
is lost through the wound.

(B)  Immediately after injury, card iac output 
is increased .

(C)  The use of pulse oximetry is mandatory 
in monitoring the patient if carbon 
monoxide poisoning is suspected .

(D)  Evaporative fluid  losses are approxi-
mately 4 liters for each square meter of 
burned  surface per day.

(E)  Intubation should  be avoided  in this 
patient.

132. An anesthesiologist has a d rinking problem. 
After coming to w ork on several occasions 
with alcohol on his breath, he was confronted  
by the Physicians’ H ealth  Committee and  
convinced  to seek treatment. Which one of the 
following actions that he might take would  be 
least effective in  help ing h im  m ain tain 
sobriety?

(A)  He gets an injection of naltrexone every 
two weeks.

(B)  He takes a d isulfiram tablet each day.
(C)  He attends a meeting of Alcoholics 

Anonymous several times per week
(D)  He has blood drawn randomly once or 

twice a week for measurement of alco-
hol concentration.

(E)  He has a 50-min counseling session with 
his therapist once weekly.

133. Spinal cord  stimulation

(A)  requires an external generator
(B)  involves an electrical stimulator p laced  

in the subarachnoid  space
(C)  is useful for postoperative pain 

management
(D)  may be helpful in patients with intracta-

ble back pain
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134. At the molecular level, the effect of benzodiaz-
epines is most accurately described as increasing

(A)  sodium conductance
(B)  potassium conductance
(C)  chloride conductance
(D)  endozepine binding to its receptor
(E)  acetylcholine binding to its receptor

135. You suspect nerve root impingement in the 
lumbar spine in a patient. Which one of the 
follow ing physical find ings would  support 
this d iagnosis?

(A)  You suspect L2 nerve root involvement 
and  the patient has weakness of hip 
flexion and  sensory loss on the lateral 
aspect of the calf.

(B)  You suspect L4 nerve root involvement 
and  the patient has weakness of leg 
extension and  loss of patellar reflex.

(C)  You suspect L5 nerve root involvement 
and  the patient cannot dorsiflex his big 
toe and  has a loss of the Achilles reflex.

(D)  You suspect S3 nerve root involvement 
and  the patient has loss of sensation 
over the bottom of the foot. The Achilles 
tendon reflex is normal.

136. Fetal hemoglobin is necessary to allow transfer 
of oxygen from mother to fetus. Which one of 
the following is the reason why this transfer is 
able to occur?

(A)  Fetal hemoglobin has a d issociation 
curve shifted  to the right relative to that 
for adult hemoglobin.

(B)  Fetal hemoglobin interacts with 
2,3-d iphosphoglycerate.

(C)  Fetal hemoglobin has a greater P50
value than adult hemoglobin.

(D)  Fetal hemoglobin has a greater affinity 
for oxygen than adult hemoglobin at 
any given partial pressure.

137. A 3-m onth-old  in fan t, 46 w eeks p ost-
conceptual age, requires an ingu inal hernia 
repair. The child  was born by a spontaneous 
vaginal d elivery, had  an  u ncom p licated  

perinatal course, and  was d ischarged  home 2 
weeks later. Which one of the following state-
ments is true?

(A)  In order to minimize d isruption of feed-
ing and  sleep, the infant should  be oper-
ated  on as an ambulatory surgical 
patient.

(B)  Spinal anesthesia is not a suitable 
technique.

(C)  Induction of anesthesia with sevoflurane 
is inadvisable because of the relatively 
slow uptake of inhalational agents in 
infants.

(D)  Halothane may cause depression of the 
chemoreceptor pathways, but is a suit-
able choice of inhalational agent.

(E)  A caudal epidural injection should  not 
be performed due to the more caudal 
location of the spinal cord  in the neo-
nate compared  to adults and  older 
children.

DIRECTIONS: Use the following scenario to answer 
Questions 138-139: A patient with a history of asym-
metrical card iac septal hypertrophy (HOCM) is 
undergoing a liver resection for hepatocellu lar car-
cinoma. During the case there is sudden large vol-
ume blood  loss. In addition to volume replacement, 
the patient is started  on phenylephrine, followed by 
add ition of epinephrine due to persistent hypoten-
sion. Shortly after initiation of epinephrine infusion, 
the patient has visible cyanosis and  worsening 
hemodynamic instability.

138. An emergent TEE performed intraoperatively 
is most likely to reveal which one of the follow-
ing findings?

(A)  Dilated  right atrium and ventricle, and  
collapsed  left atrium and  ventricle

(B)  Decreased  left ventricular function
(C)  Severe mitral regurgitation
(D)  Large VSD
(E)  Aortic d issection

139. Which one of the following interventions is 
most likely to improve this patient’s hemody-
namic instability?
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(A)  Addition of milrinone
(B)  Discontinuation of epinephrine
(C)  Administration of IV calcium
(D)  Discontinue volume replacement
(E)  Addition of nitroglycerin

140. A 5-year-old  child  with obstructive sleep apnea 
presents for tonsillectomy and adenoidectomy. 
The child  has no other past medical history. 
The parents note that the patient snores loudly 
and  has frequent pauses in breathing when 
sleeping. All of the following are possible com-
plications or necessary interventions in this 
child  EXCEPT

(A)  pharyngeal airway obstruction may 
occur on induction of anesthesia

(B)  use of an oral airway may be necessary 
during induction of anesthesia

(C)  continuous positive airway pressure 
should  not be used  as it may inflate the 
stomach and  make the patient more 
likely to have postoperative nausea and  
vomiting

(D)  smaller than expected  doses of opioid  
may produce pronounced  respiratory 
depression

(E)  d ifficulty in proper placement of an 
LMA may be encountered

DIRECTIONS (Questions 141-142): Each group of 
items below consists of lettered  head ings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  heading or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent may be selected  once, m ore than once, or not 
at all.

(A)  Intraparenchymal hemorrhage
(B)  Disseminated  intravascular coagulation
(C)  Hypothermia
(D)  Liver failure
(E)  Uremia

(F)  Factor VIII deficiency
(G)  Von Willebrand  d isease
(H)  Salicylate toxicity

For each patient with head trauma, select the 
most appropriate diagnosis to explain the hemorrhage.

141. A middle-aged man is brought to the operating 
room emergently for open head  injury after an 
assault that occurred at least three hours before 
presentation to the hospital. He has a depressed  
sku ll fractu re and  scalp  laceration w ith 
exposed  brain; he is bleeding actively from the 
scalp. No previous medical history is available. 
Blood alcohol content is 0.5% by volume. Heart 
rate is 128 and  non-invasive blood pressure is 
85/ 35; esophageal temperature is 32°C after 
ind u ction  of general anesthesia. Du ring 
debridement of the brain there is a significant 
brain laceration and marked bleeding from the 
scalp  requ iring rep lacement w ith multip le 
units of packed  red  blood  cells to support 
intravascu lar volume; hematocrit is normal 
after transfusion. Intraoperatively, the PT and  
aPTT are prolonged ; fibrinogen and  p latelet 
count are reduced .

142. A 25-year-old  male with kidney failure from 
glomeru lar nephropathy requ iring d ialysis 
three times weekly is brought to the operating 
room emergently for evacuation of a subdural 
hematoma that developed  after a blow to the 
head  d uring a softball game. The patient 
underwent d ialysis 36 h earlier; BUN is 67 mg/
dL and  creatinine is 8.3 mg/ dL. He presented  
to the emergency department with a headache 
but suffered  a progressive decline in mental 
status. After successfu l induction of general 
anesthesia, the cranium was opened  and  the 
hematoma removed . Intraoperatively the PT, 
aPTT, and  platelet counts are normal. Profuse 
bleed ing from the scalp  and  dura, requiring 
transfusion of packed  red  blood  cells, compli-
cates closure.
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DIRECTIONS (Questions 143-146): Each group of 
items below consists of lettered  head ings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  head ing or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent m ay be selected  once, m ore than once, or not 
at all.

(A)  Acute alcohol intoxication
(B)  Delirium
(C)  Delirium tremens
(D)  Dementia

For each patient with agitation, select the most 
likely d iagnosis.

143. A 32-year-old  female is in the hospital recover-
ing after repair of a right lower extremity frac-
ture sustained  three days ago after jumping off 
a trampoline. On morning rounds, the patient 
is d isoriented , tremulous, and  pulling at her 
gown and  IV lines. Her vitals are T 37.7°C, 
HR 121, BP 164/ 89, RR 26, SpO2 96%.

144. An 83-year-old  female is in the ICU recovering 
from a colon resection for d iverticu litis. On 
morning rounds, you find  the patient talking 
to her incentive spirometer. As you approach, 
she is startled  and  asks how you got into her 
house. H er vitals are T 37.3°C, H R 89, 
BP 142/ 73, RR 18, SpO2 97% on 2 L O2 via nasal 
cannula. When you return to see the patient 
with your attending, she greets you by name 
and  recounts the final moments of last night’s 
televised  basketball game.

145. A 74-year-old female is brought to her internist’s 
office by her daughter. She has become con-
cerned because her mother has gotten lost while 
in familiar environments and has forgotten to 
pay several bills over the last several months. 

The patient is pleasant. When asked about her 
symptoms, she suggests that her daughter is 
overreacting. Her Mini Mental Status Exam 
score is 20. Her vitals are T 36.9°C, HR 72, BP 
128/ 78, RR 16, SpO2 98%.

146. A 67-year-old  fem ale is brou ght to the 
Emergency Department by paramedics after a 
motor vehicle collision. She has a laceration of 
her left forearm. When she stands to change 
into the hospital gown, she is unsteady and  
nearly falls. She falls asleep on the stretcher. 
When the staff wakes her to assess her vitals, 
she is u ncooperative and  confu sed . She 
demands to be left alone.

DIRECTIONS (Questions 147-148): Each group of 
items below consists of lettered  head ings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  head ing or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent m ay be selected  once, m ore than once, or not 
at all.

(A)  Epinephrine
(B)  Sodium bicarbonate
(C)  Atropine
(D)  Calcium
(E)  Volume expander
(F)  Dobutamine
(G)  Milrinone
(H)  Albumin

For each patient, select the most appropriate 
medication or therapy.

147. After birth, a newborn remains apneic with a 
heart rate of less than 60 beats per minu te 
d esp ite ad equ ate ven tilation  and  chest 
compressions.
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148. This drug is no longer recommended  during 
the resuscitation of the newborn.

DIRECTIONS (Questions 149-150): Each group of 
items below consists of lettered  headings followed 
by a list of numbered  phrases or statements. For 
each numbered  phrase or statement, select the ONE 
lettered  heading or component that is most closely 
associated  with it. Each lettered  heading or compo-
nent m ay be selected  once, m ore than once, or not 
at all.

(A)  Mid-esophageal four chamber
(B)  Mid-esophageal two chamber
(C)  Mid-esophageal long axis
(D)  Transgastric two chamber
(E)  Transgastric mid-papillary short axis
(F)  Mid-esophageal aortic valve short axis
(G)  Mid-esophageal aortic valve long axis
(H)  Mid-esophageal bicaval
(I)  Mid-esophageal right ventricular inflow - 

outflow
(J)  Deep transgastric long axis
(K)  Upper esophageal aortic valve short 

axis
(L)  Upper esophageal aortic valve long axis
(M)  Transgastric long axis
(N)  Mid-esophageal ascend ing aortic short 

axis
(O)  Mid-esophageal ascend ing aortic long 

axis

For each photograph of a transesophageal echo-
card iogram, select the standard , two-dimensional 
tomographic view.

149.

150.
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1.  (E) Clamping of the d istal aorta in a patient 
w ith no preoperative aortic occlusion most 
likely leads to an increased  vascular resistance 
and  blood  pressure and  to decreased  stroke 
volume and cardiac output. The heart rate usu-
ally is stable. (5:1025-7)

2.  (A) The oculocardiac reflex (OCR) is associated  
with bradyarrhythmias. Traction on the extra-
ocular muscles and  pressure on the eye may 
cause the reflex. The reflex exhibits fatigability. 
Regional anesthesia may be used  to prevent 
the OCR but it may also precipitate the reflex. 
(5:1220)

3.  (B) Hetastarch is a synthetic colloid . Caution 
should  be exercised  when administering het-
astarch solu tions to patients w ith  severe 
sepsis/ septic shock, since it may increase the 
risk of acute kidney injury. The starch molecule 
is modified  to resist metabolism by amylase to 
glucose monomers. The d rug interferes with 
coagulation by d ilu ting platelets and  coagula-
tion factors. The incidence of anaphylactoid  
reactions is about 1 in 1000. Hetastarch is elim-
inated  primarily via the kidneys. (5:541)

4.  (E) The u terus is composed  of smooth muscle 
and  therefore unaffected  by MG. Therefore the 
first stage of labor shou ld  be unaffected . In 
contrast, the second  stage of labor involves 
maternal expulsive efforts and  may be affected  
by the d isease process. MG is associated  with 
other au toimmune d iseases like rheumatoid  
arthritis and  polymyositis. The course of MG 
d u ring p regnancy is variable. (2:1059-61; 
5:995-6)

5.  (D) Patients with MG have a variable response 
to succinylcholine, but it is not contraindicated  
in parturients with MG. In general, there is a 
resistance to the paralytic effects of depolariz-
ing neuromuscu lar agents and  an increased  
sensitivity to nondepolarizing agents. Opioids 
should  be used  with caution as these patients 
may be more susceptible to respiratory depres-
sion. Neuraxial anesthesia is the p referred  
method of analgesia for labor and cesarean sec-
tion, however, patients w ith severe d isease 
with bulbar and  respiratory involvement may 
not tolerate neuraxial anesthesia and  may 
require general anesthesia to protect the airway 
and  prevent aspiration. (2:1060; 5:995-96)

6.  (B) Most d osage gu id elines for ped iatric 
patients have been derived  from data extrapo-
lated  from adult studies. However, in a child  
the dose should  not exceed  a total dose of 
3 mg/ kg. In this case, the child  is 12 kg, and  
could  therefore receive up to 36 mg for local 
infiltration. The surgeon is using 0.5% bupiva-
caine, and  so the maximum volume is 7 mL. 
(5:846)

7.  (A) Azithromycin and  levofloxacin are associ-
ated  with prolonging the QT interval and  are 
therefore contraind icated . Clind amycin is 
effective against the common skin pathogens 
and  would  be the preferred  alternative to a 
first-generation cephalosporin. Gentamicin is 
generally not effective as a single agent against 
the common Gram positive skin pathogens, 
while tetracycline is too broad-spectrum to be 
used  in rou tine perioperative p rophylaxis. 
(5:108, 232-4; 6:1897-8)

Answers  and Explana tions
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8.  (D) The volume control, decelerating wave-
form mode is shown. From top to bottom, the 
figure depicts flow, pressure and volume over 
tim e. Pressu re support ventilation (PSV) 
requires patient inspiratory effort to trigger the 
breath and is seen as a negative deflection in 
the pressure waveform immediately preceding 
a breath; the insp iratory flow  rate varies 
depending upon patient effort. Tidal volume in 
pressure support may be variable and is depen-
dent upon the level of pressure support, rise 
time, inspiratory effort of the patient, and  lung 
mechanics. Pressure control ventilation (PCV) 
requires the clinician to set a pressure and  a 
resp iratory rate. Tidal volume is variable. 
Inspiratory flow shows a descending wave-
form and is determined by the level of pressure 
control, resp iratory compliance, and  airway 
resistance. Volume control ventilation (VCV) 
requires the clinician to set a tidal volume, 
respiratory rate, flow waveform, and inspira-
tory time. Tidal volume is constant in this mode 
while pressure varies depending upon respira-
tory com p liance and  airw ay resistance. 
Inspiratory flow during VCV is fixed and may 
be set to a constant flow that creates a rectangu-
lar flow waveform or descending-ramp that 
creates a d ecelerating flow  w aveform as 
depicted in the figure. Airway pressure release 
ventilation (APRV) is a newer ventilator mode 
that is an adjunct to continuous positive airway 
pressure (CPAP). APRV adds alveolar ventila-
tion to CPAP by transiently diminishing airway 
pressure to a lower level then restoring it to the 
higher level. This mode allows spontaneous 
breaths at both CPAP levels, but may be associ-
ated  with dyssynchrony. A theoretic advantage 
to APRV is the potential recruitment of atelec-
tatic lung units at lower pressure levels than 
conventional ventilator modes. Notably, newer 
ventilatory modes have not been convincingly 
shown to improve respiratory or mortality out-
comes over properly employed  conventional 
ventilation. (5:1406-9, 1413; 6:2211-3)

9.  (B) Although carbon d ioxide is sometimes 
added  to the fresh gas during bypass, respira-
tory acidosis or alkalosis is generally corrected  
through changes in the fresh gas flow to the 
oxygenator. (5:899)

10.  (E) The child  should  have an induction that is 
most appropriate for his clinical condition. If 
there has been a large amount of blood  lost, a 
rapid  sequence induction with propofol and  
su ccinylcholine m ay not be ap p rop riate. 
Passing a nasogastric tube may not remove all 
of the stomach contents. The procedure should  
not be delayed  to allow the stomach to empty. 
Once the inju ry has occurred , the stomach 
emptying probably stops, and the contents will 
still be there 6 h later. The child  shou ld  be 
allowed to awaken with the endotracheal tube 
in  p lace and  be extubated  once p rotective 
reflexes are intact. (3:768-9)

11.  (D) Marfan syndrome is not associated  with an 
elevated  expected  blood  loss. The remaining 
types of scoliosis do have high expected  blood  
loss. (3:636)

12.  (A) There is no significant change in the respi-
ratory rate at term. The increase in minute ven-
tilation is almost entirely related  to the increase 
in tidal volume. (2:19-21; 5:290-91)

13.  (A) Maintenance of normocarbia is recom-
mended during carotid  endarterectomy. While 
hypocapnia can cause cerebral vasoconstric-
tion, hypercapnia with resulting cerebral vaso-
d ilatation  cou ld  cau se steal phenom ena. 
Vasodilatation has not proven to be helpful. 
Oxygen tension and  blood pressure are kept at 
levels that are normal or slightly above normal. 
N orm otherm ia is u sed , as is system ic 
heparinization. (5:1018-21)

14.  (A) The different types of opioid  receptors con-
tribu te in d ifferent proportions to the total 
opioid  receptors in the spinal cord . µ-opioid  
receptors constitu te 70%, κ-opioid  receptors 
24%, and  δ-op ioid  recep tors 6%. The main 
m echanism  of sp inal op ioid  analgesia is 
through presynaptic activation of opioid  recep-
tors. Opioid  receptors are synthesized  in small 
d iameter dorsal root ganglion cell bodies and  
transported  centrally and  peripherally. They 
are mainly (70%) located  presynaptically on 
small d iameter nociceptive primary afferents 
(C and  A-δ fibers). (1:491)
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15.  (A) The hematocrit reaches the lowest value 
between 8 and  12 weeks of age in fu ll term 
infants. This is normal and  does not require a 
blood  transfusion or iron supplementation, 
and it is not due to hemodilution. This surgery, 
though not emergent, is not a procedure that 
need s to be d elayed  until the hematocrit 
increases. It may be best to avoid  certain elec-
tive procedures that may result in significant 
blood loss at this time. (5:257-8)

16.  (C) Although no specific anesthetics are ind i-
cated  or contraind icated , those med ications 
that cause release of catecholamines should  be 
avoided  if possible. Marked  increases in heart 
rate are noted  during induction with desflu-
rane anesthesia or abrup t increases in the 
delivered  concentrations of desflurane due to 
stimulation of the sympathetic nervous system. 
(1:545; 5:1125-6)

17.  (A) Ventilation of the patient with a head injury 
requires meticulous attention. Head elevation 
red u ces cerebral venou s congestion  and  
thereby lowers ICP. After prolonged hyperven-
tilation the efficacy at reducing ICP is reduced  
as the pH of CSF retu rns to normal. While 
increases in intrathoracic pressure should  be 
avoided, PEEP is useful when used judiciously 
to maintain oxygenation and  avoid  hypoxia 
and  hypercarbia. The use of PEEP should  be 
weighed against the potential to increase intra-
cranial pressure. (5:880, 1360-1; 6:3377)

18.  (C) Esmolol is a β 1-ad renoceptor antagonist 
and  is contraindicated  in the patient with AV 
block. Its half-life is less than 15 min. It is less 
likely than p ropranolol to cause broncho-
spasm, since it blocks β 1-adrenoceptor recep-
tors, not β 2-adrenoceptor receptors. (1:327)

19.  (B) The bronchial tree d ivides into right and  
left bronchi, the left bronchus being narrower 
and  longer. Foreign bodies are more apt to go 
to the right side. The trachea moves during res-
piration and  with movement of the head . It is 
lined  with pseudostratified  columnar epithe-
lium. The rings of cartilage do not completely 
encircle the trachea; the posterior w all is 

membranous for all the rings except the cri-
coid . (5:965)

20.  (D) Hypoalbuminemia, which is a common 
find ing in critically ill patients, can lead  to 
underestimation of the anion gap and a missed 
d iagnosis of an increased  anion gap metabolic 
acidosis. Albumin is a strong anion; a reduc-
tion in serum albumin level through d ilu tion, 
capillary leak, or decreased hepatic production 
results in a metabolic alkalosis. Consequently, 
calculation of the anion gap without account-
ing for the abnormal albumin level may result 
in an anion gap in the ”normal” range and  a 
failure to appreciate unmeasured  anions. To 
account for this flaw in the anion gap approach 
to assessing metabolic acidosis, an equation for 
the corrected  anion gap has been suggested :

Anion Gapcorrected =  Anion Gapcalculated +  2.5 
× (Normal albumin g/ dL −  Observed
albumin g/ dL)

Because the Stewart-Fencl (strong ion d iffer-
ence) approach to acid-base assessment incor-
porates albumin into calculations, it may be a 
more useful tool for critically ill patients. 
(5:365; 6:526-7, 530-1)

21.  (C) Mannitol, by decreasing brain size, may 
produce traction and  even tearing of subdural 
veins that result in hematoma formation. This 
is more of a problem in the elderly. Mannitol 
may also lead  to cerebral edema when the 
blood–brain barrier is d isrup ted . (1: 681-2; 
5:880; 6:2255-7)

22.  (C) The pain of glossopharyngeal neuralgia is 
very similar to that of trigeminal neuralgia but 
affects the posterior third  of the tongue, tonsils, 
and  pharynx. Giant cell arteritis is a common 
systemic vascu litis in the elderly. It is com-
monly associated  with visual loss and  strokes, 
so it must be d iagnosed  and  treated  aggres-
sively. Temporal artery biopsy is the gold  stan-
dard  in the d iagnosis of giant cell arteritis. 
Glucocorticoids are a common mode of treat-
ment. Cervical carotid  artery d issection most 
commonly presents with head , facial, or neck 
pain. Other commonly seen symptoms include 
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Horner syndrome, pulsatile tinnitus, and  cra-
nial nerve palsy. Pure facial pain is most often 
caused  by sinusitis and  the chewing appara-
tus, bu t also a multitude of other causes. 
(7:246-9)

23.  (C) Larger tidal volumes increase airway pres-
sures and  lung compliance withou t signifi-
cantly improving arterial oxygen tension but 
resu lt in  severe hypocarbia that increases 
shunt fraction at a PaCO2 less than 30 mm Hg. 
Arterial oxygenation during laparoscopy in 
morbid ly obese patients is affected  mainly by 
body weight and  not body position, pneumo-
peritoneum, or mode of ventilation. PEEP is 
the only ventilatory parameter that has been 
show n to improve resp iratory function in 
obese patients, bu t it may decrease venous 
return, card iac output, and  subsequent oxygen 
delivery. (5:314)

24.  (B) Although plasma cholinesterase levels do 
decrease by roughly 25% before delivery and  
by 33% on postpartum day three, this usually 
does not result in a clinically relevant prolon-
gation of paralysis from a single dose of suc-
cinylcholine. This may in part be due to the 
larger volume of d istribu tion in pregnancy. 
The increase in blood volume is due to both an 
increase in plasma and  red  cell volume. The 
greater increase in  p lasm a volume (55%) 
versus red  cell volume (30%) resu lts in the 
physiologic anemia of pregnancy. (2:21-3)

25.  (B) An FEV1 of less than 800 mL and an FVC of 
less than 2000 mL are associated  with higher 
morbid ity and  poorer functional ou tcome. 
Regional function studies, like the V/ Q scan, 
can show what fraction of the preoperative 
lung function comes from the area to be 
resected . Patients with an elevated  PaCO2 are 
already in a state of chronic respiratory failure. 
Low PaO2 can reflect either poor underlying 
pulmonary function, or a shunting of blood 
through the d iseased  and  nonventilated  lung 
regions. When this area is resected , hypoxemia 
may resolve. (5:952-5; 6:2087-91)

26.  (C) Hypoxia is likely caused  by high physio-
logic shunt in the d iseased  lung. Physical ther-
apy may help  clear secretions and  improve 
oxygenation . Su p p lem ental oxygen  w ill 
improve delivery to the good lung and  reverse 
some hypoxic vasoconstriction on that side. 
Lateral position will improve flow to the good  
lung, as long as it doesn’t increase soilage from 
the d iseased  sid e. Pneu m onectom y w ill 
remove the d iseased  lung and  eliminate blood  
flow to that side. An intravenous vasod ilator, 
like sod ium nitrop russide, w ill exacerbate 
shunting by inhibiting hypoxic pu lmonary 
vasoconstriction. (5:967-70)

27.  (D) A double lumen endotracheal tube fu lfills 
several functions in a case that requires one-
lung ventilation: 1. isolation of the operative 
side; 2. the possibility of application of mild  
CPAP to the operative lung in order to main-
tain oxygenation (and  therefore limiting inter-
rup tions of the su rgical p roced ure d ue to 
reinflation of the operative lung); and  3. the 
possibility of suctioning both the operative 
and  non-operative lung. For these reasons, a 
left sided  tube is preferred  since it is unlikely 
to interfere with a lobectomy and its placement 
is significantly easier and more predictable due 
to the increased  length between carina and  left 
upper lobe bronchus as compared  to the right 
side. N either a single-lumen end otracheal 
tube, nor an LMA provide lung isolation, how-
ever a single-lumen tube with a balloon cath-
eter (Univent) is an acceptable alternative to a 
double-lumen tube however it does not allow 
for CPAP and suctioning of the operative lung. 
(5:963-7)

28.  (E) If the right side cannot be ventilated , there 
must be no clear channel from the right lung to 
the anesthesia circu it. Tumor or secretions 
could  obstruct the lumen. The bronchial cuff 
could  block the right side if the tube is not 
advanced  far enough. The right tube lumen 
might be in the left mainstem bronchus if the 
tube is advanced  too far. Placing the tube into 
the right sid e should  not stop  right-sided  
ventilation. (5:963-5)
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29.  (B) Particularly likely causes of this scenario 
are massive hemorrhage from the pulmonary 
artery stump or other great vessel, herniation 
of the heart through a pericard ial window, or 
arrhythmia from card iac irritation, hypoxia, or 
right heart failu re. Applying suction to the 
chest tube could  exacerbate the med iastinal 
shift, vascular compromise, and  card iac her-
niation (tension vacuthorax), as well as speed  
the hem orrhage. Su rgical exp loration  is 
urgently needed , and  the patient should  also 
receive appropriate supportive care. (5:1004-6)

30.  (E) A history of seizure d isorder occurs in 
approximately 0.5% of parturients. One-third  
of these patients will experience an increase in 
seizure frequency during pregnancy. Proposed  
mechanisms include a decreased  anticonvul-
sant drug concentration secondary to a larger 
volume of d istribution, poor compliance, and  
a greater clearance of the d rug during preg-
nancy. A high estrogen concentration is also 
known to lower the seizure threshold . Drug 
concentrations should  be checked and the anti-
convulsant drug continued , preferably in the 
parenteral form, in the peripartum period . 
Drugs such as ketam ine and  m eperid ine 
should  be avoided  as these are known to lower 
the seizure threshold . (2:1061-3)

31.  (A) The agents are listed  in decreasing order of 
β -ad renocep tor to α -ad renocep tor activity. 
(1:201,206; 5:1401)

32.  (C) This patient has developed  a severe A-a 
gradient with a PaO2/ FIO2 ratio of < 100. Since 
there is no evidence of cardiogenic pulmonary 
edema, this is consistent with ARDS. Ventilatory 
strategies in patients with ARDS aim to support 
the patient w ithou t increasing lung inju ry 
through alveolar overd istension or recurrent 
alveolar collapse. The ARDSnet study pub-
lished  in 1999 demonstrated  reduced mortality 
when patients with ARDS are ventilated  with 
”lung-protective ventilation,” includ ing low 
(6 mL/ kg ideal body weight) tidal volumes. 

PEEP is titrated  to minimize FIO2, maximize 
PaO2, and optimize alveolar recruitment. This 
typically occurs at >10 mm Hg. This patient has 
an ideal body weight of 50 kg.

Male ideal body weight (in kg) =  50 +  2.3 
× (height in inches −  60)

Female ideal body weight (in kg) =  45.5 +  2.3 
× (height in inches −  60)

(5:1392, 1412, 1415, 1418, 1420; 6:2207-8)

33.  (A) This patient is hemodynamically stable. 
Although the debate over transfusion triggers 
continues, there is no evidence that supports 
transfusion of an otherwise healthy critically ill 
patient w ith a hemoglobin >7 g/ dL and  no 
evidence of hypoperfusion. The Transfusion 
Requirements in Critical Care (TRICC) trial d id  
not demonstrate a benefit for a more liberal 
transfusion strategy in the study population. 
Transfusion of fresh frozen p lasma (FFP) is 
necessary to avoid  coagulopathy during mas-
sive transfusion. Once bleeding and  transfu-
sion requirements have stopped , however, the 
need  for FFP is su bstan tially red u ced . 
Prothrombin time is a poor pred ictor of surgi-
cal bleed ing, and  large volumes of FFP may be 
required  to improve a mild ly elevated  INR. A 
p latelet count of >50,000/ mm 3 is the usual 
target level for invasive procedures. (5:201-3,
1394-5, 1442-3; 6:953)

34.  (D ) The d ifferential d iagnosis for non-
card iogenic pulmonary edema in an intubated  
patient includes aspiration pneumonitis, pneu-
monia, transfusion related  acute lung injury 
(TRALI), pulmonary embolism, or sepsis. This 
patient’s normal echo and  hemodynamics, 
rapid  recovery, lack of fever, and  substantial 
exposure to blood  products makes TRALI the 
most likely etiology. TRALI presents as respi-
ratory d istress and noncard iogenic pulmonary 
edema that begins during, or within 4-6 h of a 
transfusion. Plasma is generally the cu lprit 
blood  product. Treatment is supportive, and  
patients usually recover within 48 h. TRALI is 
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the leading cause of transfusion-related  mor-
tality. This patient d id  not have a history of 
trauma that would make pulmonary contusion 
likely. (5:203-4, 1400; 6:280-1, 955)

35.  (A) Positive end-expiratory pressure (PEEP) 
reduces preload  and  left ventricular afterload  
by increasing intrathoracic pressure. (6:2237)

36.  (B) Daily interruption of sedation and  sponta-
neous breathing trials have been show n to 
reduce the number of days requiring mechani-
cal ventilation and ICU care in eligible patients. 
Lung recruitment maneuvers have been shown 
to open the lungs in ARDS patients, but this 
has not resu lted  in  an  ou tcom e benefit. 
Prophylactic antibiotics pu t the patient at 
higher risk of colonization with pathogens and 
have not been shown to reduce ventilator asso-
ciated  pneumonia. Suctioning can damage the 
tracheal mucosa, increasing the risk of tracheal 
colonization. Suctioning may also cause auto-
inoculation from the endotracheal tube biofilm 
to the more distal airways. None of the ventila-
tor modes have been shown to improve out-
come. (5:1406, 1418, 1421-2; 6:1115, 2138, 2200-1, 
2213-4)

37.  (A) The atypical antipsychotics have less risk 
of extrapyramid al effects. They can cause 
hypotension and  clozap ine, olanzap ine and  
quetiap ine have been associated  w ith  an 
increased  risk of new-onset type 2 d iabetes as 
well as increased  appetite and  weight gain. 
Anticholinergic effects are least frequently 
cau sed  by p oten t an tip sych otics like 
haloperidol. (1:359, 440-1)

38.  (C) General anesthesia provides a rapid  induc-
tion with less hypotension and  less card iovas-
cular instability and a more secure airway once 
it is established. An increased risk of aspiration 
and the potential for a d ifficult intubation limit 

general anesthesia to situations in  w hich 
regional anesthesia is not op timal, such as 
when there is a need  for emergent delivery in 
a patient without an epidural in place or the 
need  for u terine relaxation (e.g., d ifficu lt 
breech extraction, rep lacem ent of u terine 
inversion). (2:534-5; 5:1158)

39.  (C) A bacterial infection is likely to have 
responded  to antibiotic therapy. A w heezy 
child  may not be ”asthmatic” but may have 
aspirated  a foreign body. In a 2-year-old  child  
this d iagnosis should  always be considered  a 
possibility even if there is no clear history of 
aspiration. A child  presenting with these symp-
toms and  signs requires emergency therapy 
whatever the d iagnosis. Agitation may be mis-
interpreted  as emotional upset when it is due 
to serious underlying hypoxemia. If the child  
is stable, x-rays may be helpful in making the 
d iagnosis and  in identifying and  localizing the 
foreign body. However, if the child  is severely 
d istressed , oxygen should  be administered  by 
face mask and  immed iate p lans made for 
removal of the foreign body in the operating 
room. (5:1002, 1250)

40.  (B) The flow during bypass is virtually non-
pulsatile in both flow and  pressure. This has 
been stud ied  to determine if a more physio-
logic pattern would  be beneficial. (5:899)

41.  (C) Generally, solu tions containing dextrose 
are not ad ministered  d u ring neu rosu rgery 
unless ind icated  for treatment of hypoglyce-
mia. Hyperglycemia has been implicated  in 
animal experiments in worsening neurologic 
ou tcomes after ischemia. A p lasma glucose 
concentration in excess of 300 mg/ dL can pro-
duce an osmotic d iuresis. Dextrose containing 
solu tions d o not lead  to flu id  retention . 
(5:1471-2)
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42.  (B) In popu lation-based  stud ies, m igraine 
w ithou t aura is abou t tw ice as frequent as 
migraine with aura. Major criteria for the d iag-
nosis of cervicogenic headache include signs 
and  symptoms of neck involvement such as 
the precipitation of head  pain by neck move-
ment or external pressure over the upper cervi-
cal or occip ital region, restricted  range of 
motion in the neck, unilaterality of head  pain 
with or without shoulder or arm pain, and con-
firmatory evidence by d iagnostic anesthetic 
blocks. Chronic tension-type headache d iffers 
from episod ic tension-type headache in that 
the average headache frequency is equal to or 
greater than 15 d  per month or 180 d  per year. 
A shift from peripheral to central mechanisms 
is believed  to play a role in the evolution of 
ep isod ic to chronic tension-type headache. 
Cluster headaches typically present as a series 
of intense unilateral headaches occurring over 
a period  of 2 weeks to 3 months. They are asso-
ciated  with unilateral autonomic features such 
as nasal congestion, rhinorrhea, miosis, or lac-
rimation. The attacks are usually brief, lasting 
150-180 min, and  occur in the orbital, supraor-
bital and/ or temporal regions. Unlike migraine 
headaches, tension-type headaches, temporal 
arteritis, and  cervicogenic headaches, cluster 
headaches are more frequent in men, with an 
average male to female ratio of 5 to 1. Tricyclic 
antidepressants have been shown in numerous 
clinical trials to be effective in the prevention 
of both migraine and  tension-type headaches. 
(7:194-201)

43.  (B) Dexmedetomid ine is an α2-ad renoceptor 
agonist with 1600-fold  greater selectivity for 
the α2- than for the α1-receptor. It is approved 
for short term sedation (≤ 24 h) but can be used 
as an ad junct for general anesthesia as well 
w here it can marked ly reduce the MAC of 
inhalational anesthetics. It causes less respira-
tory depression than opioids and  benzodiaze-
pines, and has not been associated  with adrenal 
suppression. When administered  as an intra-
venous bolus, it will cause an initial increase in 
blood  pressu re and  decrease in heart rate. 
Dexmed etomid ine is not ind icated  for the 
induction of general anesthesia. (1:548-9; 5:701)

44.  (A) Preeclamptic patients are intravascularly 
volume depleted  despite the fact that they may 
exhibit edema and  weight gain. This may be 
d ue to a variety of reasons inclu d ing a 
decreased  colloid  osmotic p ressu re and  an 
increased  vascular permeability from capillary 
leakage. Glomerular filtration rate (GFR) nor-
mally increases during pregnancy, thus lower-
ing concentrations of serum markers of renal 
clearance (e.g., creatinine). In preeclampsia, 
GFR is decreased  resu lting in an increase in 
creatinine concentrations. Elevated  uric acid  
concentrations reflect renal involvement with 
decreased  renal clearance. The hematocrit is 
falsely elevated  due to a reduction in plasma 
volume. (2:983-4)

45.  (D) Carbon d ioxide is sometimes added when 
the pH-stat strategy is used  to ad just PaCO2
during hypothermia. (5:532)

46.  (A) Absolute contraindications to epidural ste-
roid  injections include sepsis, infection at injec-
tion site, therapeu tic anticoagu lation, and  
patient refu sal. Relative contraind ications 
include preexisting neurologic conditions, pro-
phylactic low-dose heparin, thrombocytope-
nia, and  uncooperative patients. (Abdi S, et al., 
Pain Physician 2007; 10:185-212; Cannon DT, 
et al., Arch Phys Med Rehabil 2000; 81:S-92)

47.  (E) When advancing with a needle, the liga-
mentum flavum feels firm and  crunchy in the 
mid line. When the needle passes through the 
ligamentum flavum, the ep idural space is 
encountered  as a d istinct loss of resistance. 
(5:793)

48.  (C) TURP is performed by resecting prostatic 
tissue with a cautery loop introduced  through 
a special cystoscope. During the resection, 
venous sinuses are opened , and  the irrigation 
fluid  can be absorbed  into the systemic circula-
tion. As a resu lt, a complication know n as 
TURP syndrome may develop, with symptoms 
related  to flu id  overload , hypoosmolality, and  
hyponatremia. During TURP, systemic absorp-
tion of the irrigating solutions is influenced  by 
the duration of exposure, the number and  size 
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of venous sinuses opened , extravasation of the 
flu id  into tissues outside the bladder or pros-
tatic capsule, and  the hydrostatic pressure of 
the flu id . When large volumes of flu id  are 
absorbed , severe hyponatremia lead ing to 
cerebral edema may ensue. Additionally, neu-
rologic manifestations may also occur due to 
d irect toxic actions of some of the solutes used  
in irrigation. When TURP syndrome is sus-
pected , the p roced ure shou ld  be stopped . 
Serum sod ium, potassium, and  osmolality 
should  be measured  in order to d ifferentiate 
between true hypoosmolality and  hyponatre-
mia in the presence of circulating solutes such 
as glycine. Hemoglobin should  be measured , 
because it is an index of the extent of flu id  
absorption. Hyponatremia does not need  to be 
treated  aggressively when it is not accompa-
nied  by hypoosmolality or in the absence of 
neurologic symptoms. If hyponatremia needs to 
be treated , rapid  correction should  be avoided  
because it can cause pontine myelinolysis. 
Hypertonic saline should  be used  only in the 
p resence of life-threatening manifestations 
such as coma and  seizures. Otherwise, sodium 
levels can be increased  by administration of 
normal saline in  combination w ith a loop 
diuretic or mannitol. Sodium correction should  
never exceed  1 to 1.5 mEq/ L/ h. (5:1139-40, 
514-5)

49.  (C) Traction on a number of structu res in 
the posterior fossa may lead  to arrhythmias, 
the most common of which is bradycardia. The 
surgeon should  be informed  immediately. If 
the bradycard ia persists, atropine or glycopyr-
rolate may be ind icated . Air embolism is more 
commonly associated  with atrial and  ventricu-
lar irritability and  lidocaine may be necessary 
to treat frequent premature ventricular systoles 
or ventricular tachycard ia associated  with air 
embolism. Although it may be necessary to 
change the anesthetic or lower the head  if air 
embolism is suspected, the first maneuver is to 
inform the surgeon of the problem and  sus-
pected  d iagnosis. (5:893)

50.  (E) Prostagland in E1 may cause hypotension 
due to vasodilation. The d rug should  not be 

stopped  before induction, since it may be 
required  to keep a ductus arteriosus open. The 
d rug is administered  by infusion, since it has a 
short duration. (1:948; 5:251)

51.  (E) Post-herpetic neuralgia most frequently 
occurs in elderly patients due to reactivation of 
the varicella zoster virus. It is usually refrac-
tory to opioids. Some patients respond to tri-
cyclic an tid ep ressants or to the top ical 
administration of capsaicin that causes deple-
tion of Substance P. (1:1448)

52.  (B) Given that the duration of surgery is pre-
d icted  to be greater than 30 min, option B is 
likely to be most efficacious. Retrograde perfu-
sion is a suitable alternative for cases lasting 
less than 30 min. None of the pharmacological 
strategies listed  is proven to be neuroprotec-
tive against cerebral ischemia during operative 
repairs of the aortic arch. While packing the 
patient’s head  in ice is routinely performed 
during deep hypothermic card iac arrest, it is 
not sufficient in isolation to protect the brain 
from ischemia. (5:916-7)

53.  (D ) This patient has the clinical featu res of 
ventilator-associated  pneumonia (VAP). VAP 
is a serious infection w ith high attribu table 
mortality. The most important first steps in 
management of a patient w ith suspected  VAP 
is to obtain specimens for cu ltu re, then begin 
appropriate antibiotic coverage. If cu ltu res 
are not obtained , clinicians w ill be unable to 
narrow  antibiotics, increasing the risk for 
selecting for multid rug-resistant organisms. If 
antibiotics are given before cu ltu res are per-
formed , the cu ltu res may be inaccurate. Post-
sp lenectomy vaccines are a standard  part of 
post-sp lenectomy care, and  may reduce the 
risk of fu tu re infection w ith  encapsu lated  
organisms in this vulnerable patient popula-
tion. Vaccination would  not be helpfu l, how-
ever, in the acute setting. Chest physiotherapy 
can be help fu l in  the treatm ent of patients 
w ith resp iratory failu re, bu t it is not the first 
p riority in management. (6:1026, 1115-6, 2130, 
2137-41, 2200)
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54.  (E) Patients with VAP should receive early broad  
spectrum antibiotics targeted at likely pathogens. 
Inappropriate selection of the initial antibiotic 
regimen has been associated with higher mortality. 
This patient has been in the hospital for >48 h 
and has had prior antibiotic exposure, two risk 
factors for infection with multidrug-resistant 
(MDR) bacteria. The initial antibiotic regimen 
should cover MRSA and MDR gram-negative 
rods such as Pseudomonas and Acinetobacter.
Vancomycin or linezolid  will cover MRSA. 
Levofloxacin or cefepime will cover MDR gram-
negative rods. (6:1115-6, 2130, 2137-41)

55.  (A) Tailoring antibiotics based  on cu ltu re 
results reduces selection pressure for develop-
ment of MDR bacteria and  d ecreases the 
patient’s exposure to drugs with potential side 
effects. This patient has had  a clinical response 
and  has a sputum culture that is positive for 
Haemophilus influenzae. Broad  spectrum antibi-
otic coverage should  be d iscontinued  and  she 
should be placed on a single antibiotic that will 
cover the causative organism at the site of 
infection. Third  generation cephalosporins 
(includ ing ceftriaxone) are the drugs of choice 
for serious infections due to Haemophilus.
(1:1499; 6:1115-6, 2130, 2137-41)

56.  (B) Because the amplitude of evoked potential 
responses is small (0.1–20 mV) as compared  to 
the standard  EEG (>50 mV), signal averaging 
is requ ired  to eliminate background  noise. 
Multip le factors influence evoked  responses 
inclu d ing anesthetics and  tem p eratu re. 
Resistance to these effects varies among the 
various potentials measured . (5:484-9)

57.  (B) A paracervical block is effective for the first 
stage of labor since it helps with the pain asso-
ciated  with cervical d ilatation. However, para-
cervical block has been largely abandoned  in 
the United  States due to a high incidence of 
reported  fetal complications and  the availabil-
ity of other techniques with a lower complica-
tion rate. A pud end al block w ill p rovid e 
anesthesia for the second stage and  is appro-
priate for low forceps delivery and  episiotomy. 
A subarachnoid  block, caudal block, or epidu-
ral block is also appropriate. (2:493-501)

58.  (B) The bronchodilator terbutaline is a selec-
tive β 2-ad renocep tor agonist. It causes less 
tachycard ia than isoproterenol. It is preferred  
in the patient with heart d isease compared  to 
nonselective β -adrenoceptor agonists. (1:293)

59.  (D) The celiac plexus block is useful for pain 
associated  with upper abdominal malignancy. 
The most common complication is hypotension. 
(1:735; 5:1711)

60.  (D) Factors increasing pulmonary resistance 
in clu d e n itrou s oxid e, h yp oxia , an d  
hypercarbia. (1:547; 5:949)

61.  (D) There are three major types of fetal decel-
erations. Early decelerations demonstrate a 
slow  drop  in heart rate beginning with the 
u terine contraction (UC) with the nad ir coin-
cid ing with the peak of the UC. It returns to 
baseline by the end  of the UC. It is a result of 
vagal stimulation secondary to head  compres-
sion and  is not ind icative of fetal asphyxia. 
Late decelerations begin after the UC and  
return to baseline after the end  of the UC. They 
are often  repetitive and  associated  w ith 
decreased  fetal heart rate variability. They are 
associated  with u terop lacental insufficiency. 
Variable decelerations are variable in configu-
ration and  bear no consistent temporal rela-
tionship  to the onset of the UC. They are 
thought secondary to cord  compression and  
unless severe and  repetitive are not thought to 
be indicative of fetal compromise. (2:145-6)

62.  (C) See the explanation for Question 61.

63.  (B) Breakage and  migration of the leads and  
bleed ing at the site have all been reported . 
There is no increased  risk of develop ing a 
spinal cord  tumor. (1:1457; 5:2774)

64.  (D) Reperfusion of an extremity after tourni-
quet deflation typically is associated  with a 
decrease in core temperature of up  to 1.0°C. 
Ad d itionally, both  p reload  and  afterload  
decrease as blood reenters the affected  extrem-
ity, often producing hypotension. During limb 
ischemia, carbon dioxide and lactic acid levels 
increase as ischemic tissues convert to anaerobic 
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metabolism, with an incremental decrease in 
pH of the ischemic limb. After tou rniquet 
deflation, aerobic metabolism resumes, w ith 
increases in oxygen consumption and  carbon 
d ioxide production. The systemic partial pres-
sure of carbon d ioxide increases, and  pH tran-
siently d ecreases as a resu lt of combined  
metabolic and  respiratory acidosis. During a 
general anesthetic, tourniquet pain manifests 
as increases in heart rate and blood pressures 
45-60 min after tourniquet inflation. Increasing 
the depth of anesthesia or administering addi-
tional analgesics provides little relief. Tourniquet 
deflation is the only factor that eliminates 
tourniquet pain, thus decreasing anesthetic 
requirements. (5:1202-3)

65.  (B) The patient with Parkinson d isease has a 
deficiency in central dopaminergic activity. 
Thus, phenothiazines and neuroleptanesthesia 
(which employ a dopaminergic antagonist) are 
relatively contraindicated. There is no contrain-
dication to muscle relaxants and the response to 
pressors is not abnormal. Since levodopa has a 
short duration of action, it should  be continued  
up until the time of surgery. (5:149)

66.  (E) Treatm ent of cerebral ed ema includ es 
osmotic d iuretics, loop  d iuretics, glucocorti-
coids, and  surgical decompression. CSF drain-
age will reduce ICP and improve perfusion but 
has no effect on the edema. (5:880-1; 6:2264-5)

67.  (D) Methylergonovine is not approved  for 
intravenous injection and  is usually given 
intramuscularly or intramyometrially. It should  
not be used  intravenously except in severe 
cases of life-threatening hemorrhage as it may 
cause severe hypertension. If given intrave-
nously as a lifesaving measure, it should  be 
administered  slowly over at least 60 sec with 
close monitoring of blood  pressure. All other 
agents are useful to treat uterine atony. Rapid  
infusion of oxytocin can cause hypotension and  
prostaglandin F2α can cause bronchoconstric-
tion and hypertension. (2:367-8; 5:1157)

68.  (C) A variable intrathoracic obstruction limits 
expiratory flow while preserving total lung 

volume and inspiratory flow. Forced expiration 
in variable intrathoracic obstruction results in 
a very positive pleural pressure that is greater 
than the slightly positive intratracheal pres-
sure, resulting in an increase of the obstruction 
and  narrowing of the airway. Forced  inspira-
tion in this situation will decrease the obstruc-
tion because of airway d ilatation. (5:997)

69.  (A) At the age of 6 months, a normal infant 
might be expected  to have: a heart rate of 
120 ±  20, blood  pressure 90/ 60 ±  30/ 10, O2
consumption of 5 ±  0.9 mL/ kg. (5:250; 357-8)

70.  (B) Cervicogenic headache is defined  as head-
ache that arises from painful d isorders of struc-
tures in the upper neck that generates irritation 
of the upper cervical roots or their nerve 
branches. The current classification by the IHS 
and  the IASP accepts these headaches to be 
unilateral or bilateral. Pain relief may be 
obtained  by blocking the greater occip ital 
nerve. The other options in the question are 
true. (7:263-4)

71.  (A) Patients with acute hypocalcemia can pres-
ent with paresthesias, muscle cramps, stridor, 
and  positive Chvostek and  Trousseau  signs. 
Tracheomalacia, although rarely seen, may 
result from long-standing compression of the 
trachea by a large goiter that, when removed, 
may obstruct the trachea upon extubation. A 
major complication of thyroid  su rgery that 
usually appears early (immediately or within 
hours) in the postoperative period  is airway 
obstruction attributable to recurrent laryngeal 
nerve (RLN) injury with resultant narrowing 
of the glottic opening. A unilateral RLN palsy 
w ou ld  not p rod uce significant resp iratory 
compromise as long as the contralateral nerve 
and  vocal ap p aratu s fu nction  norm ally. 
However, bilateral nerve palsy, as from a new 
unilateral RLN injury in the setting of a preex-
isting deficit on the other side, can produce 
complete closure of the glottis and  respiratory 
obstruction. Rap id  onset of life threatening 
airw ay obstruction due to hematoma is a 
known complication of thyroid  (and  parathy-
roid ) surgery. (5:520, 1246)
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72.  (C) α-adrenoceptors are stimulated  by norepi-
nephrine causing vasoconstriction. Isopro-
terenol is a nonspecific β-adrenoceptor agonist. 
Metop rolol is a β 1-selective antagonist. 
Bronchioles are not affected by α-adrenoceptor 
receptor agonists. Adipocytes carry β3 receptors. 
(1:203-4, 278, 311)

73.  (E) After su barachnoid  hem orrhage ECG 
changes consistent with ischemia are common. 
A subpopulation of these patients demonstrate 
elevated  card iac enzym es inclu d ing CK, 
CK-MB, and  troponin and reduced  ventricular 
contractility w ith  low  ejection  fraction . 
Pu lmonary hypertension is not part of the 
syndrome. (5:885-7; 6:2261)

74.  (D) An oxytocin contraction test (OCT) involves 
the stimulation of u terine contractions with 
either oxytocin or breast stimulation. The pres-
ence of repetitive late decelerations represents 
a positive OCT, ind icative of u teroplacental 
insufficiency and fetal compromise. Long-term 
variability implies an intact fetal sympathetic/
parasympathetic nervous system. A biophysi-
cal profile (BPP) is an ultrasound that incorpo-
rates fetal movement, tone, breathing motion 
and  amniotic fluid  combined  with a non-stress 
test to assess fetal wellbeing. A BPP of 8 or more 
is reassuring. A non-stress test involves the 
observation of two fetal heart rate accelerations 
within a 20-30 min period to assess fetal wellbe-
ing. A reactive non-stress test is reassuring. 
Fetal scalp pH testing involves the assessment 
of fetal blood  pH during labor. A fetal pH 
greater than or equal to 7.25 is reassuring. (2:94-
102; 5:292-3)

75.  (C) At birth, pu lmonary vascu lar resistance 
declines rapid ly in response to lung expansion 
and  exposure of pulmonary resistance vessels 
to alveolar oxygen. At the same time, systemic 
vascular resistance increases. Pulmonary blood 
flow  and  venous retu rn to the left atrium 
increase, and  closure of the foramen ovale 
occurs when mean left atrial pressure exceeds 
mean right atrial pressure. Functional closure 
of the ductus arteriosus occurs in response to 
a rise in arterial oxygen saturation in the first 
24 h after birth. Anatomic closure of both the 

ductus arteriosus and the foramen ovale occurs 
much later. (5:250-1)

76.  (B) It is estimated  that the risk of CRPS after 
fractures is 1% to 2% and the risk increases to 
12% after brain lesions. Retrospective studies 
in large cohorts shows a d istribu tion in the 
upper and  lower extremity from 1:1 to 2:1. 
CRPS follow ing SCI are rare. Extremities 
affected  by a brain injury are at higher risk of 
developing CRPS than unaffected  extremities. 
(5:1542-3; 6:3358-9)

77.  (D) An appropriate laser endotracheal tube, 
such as metal, or a metal-taped  PVC tube, 
should  be used . Insp ired  oxygen should  be 
reduced  as tolerated  by the patient to less than 
30% but ideally 21%. Because N 2O supports 
combustion, either air or helium should  be 
used to d ilute the oxygen. The ETT cuff should  
be filled  with a saline–dye mixture or lidocaine 
jelly. H 2O-based  ointments should  be used  as 
lubricants, as petroleum-based  ointments are 
flammable. Duration and  intensity of laser 
exposure should  be limited ; continuous mode 
allows heat buildup. The fresh gas flow has no 
effect on prevention of airway fire. (5:1238-9)

78.  (E) Preeclampsia can involve all organ systems 
with associated  decreased  platelets, abnormal 
clotting studies, and  abnormal liver function 
tests. A combination of decreased  plasma col-
loid  osmotic pressure and  increased  vascular 
permeability results in decreased intravascular 
volume and  extravascular water and  sod ium 
retention. Patients are usually hyperreflexic 
and  hypertensive but intravascularly depleted  
w ith increased  sensitivity to vasopressors. 
There is no contraindication to regional anes-
thesia if no coagulopathy exists and the patient 
is p roperly monitored . Pulmonary edema is 
rare, occurring in approximately 3% of women 
with preeclampsia. (2:982-7)

79.  (D) The interscalene block w ill not reliably 
block the C8-T1 d istribu tion of the brachial 
plexus. This will result in inadequate blockade 
of the ulnar nerve, medial brachial cutaneous 
nerve of the arm, and  med ial antebrachial 
cutaneous nerve of the forearm. (5:831)
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80.  (A) End-tidal nitrogen is the most sensitive 
monitor followed by end-tidal carbon d ioxide, 
then blood  pressure, then esophageal stetho-
scope, then ECG. (3:519-20)

81.  (A) The metabolism of brown fat is a heat-
producing mechanism. All of the other options 
are common methods of losing heat in an oper-
ating room. The temperature must be moni-
tored  and  methods initiated  to prevent heat 
loss. A warming blanket placed under the infant 
minimizes heat loss by conduction. (5:251-2)

82.  (A) Acupuncture, the insertion of needles into 
specific points in the body, has the advantage 
of being a relatively benign mode of therapy 
for pain. It has been shown to have effects on 
the brain and  endocrine system. (5:612; 7:2366)

83.  (B) Whereas hypotension, hyperventilation, 
and  hypothermia all decrease IOP, hypoventi-
lation , hyp oxia, and  venou s obstru ction 
increase IOP. Hypertension may marginally 
increase IOP. Most d rugs used  in anesthesia 
either have minimal effect on or decrease IOP. 
Inhalational and  intravenous (IV) d rugs have 
the most rapid  and  pronounced  effect. Most 
sedatives and  induction agents (e.g., propofol 
and  thiopental) reduce IOP in a dose-related  
manner. Succinylcholine has been reported  to 
increase IOP by 6 to 12 mm Hg, but straining 
or  cou gh ing raises IOP m u ch  m ore. 
Acetazolamide (given IV) causes carbonic 
anhydrase inhibition and  interferes with the 
formation of aqueous humor and  lowers IOP. 
β -adrenoceptor antagonist (e.g., timolol) topi-
cal solutions are used  in the treatment of glau-
coma. This class of medication acts to reduce 
aqueous humor secretion (5:1210-1, 1221)

84.  (D) Strategies to mitigate the risk of spinal cord  
ischemia in this high-risk patient include place-
ment of a lumbar drain as well as neurophysi-
ologic monitoring such as SSEP’s and / or 
MEP’s. Mild to moderate systemic hypothermia 
defined  as core body temperature of 32-35°C
is an add itional established  technique to p ro-
tect against neuronal ischemia. Hypotension is 
to be avoided since it would increase the risk of 
ischemia. DHCA is a technique employed  

during open repair or replacement of the tho-
racic aorta. Patients undergoing successful stent 
graft repair of the thoracic aorta are routinely 
extubated at the end  of the procedure, and  a 
high-dose opioid  technique does not provide 
spinal cord protection. (5:915, 940, 1019).

85.  (A) β 2-adrenoceptors are stimulated by isopro-
terenol that results in peripheral vasod ilation 
and  increased  skeletal muscle glycogenolysis. 
Esmolol is a selective β 1-adrenoceptor antago-
nist. Clonidine is an agonist at α2-adrenoceptors 
that are the principal prejunctional receptors 
that inhibit sym pathetic neurotransm itter 
release. (1:179, 222, 278)

86.  (D) Mechanically ventilated  patients are sus-
ceptible to ventilator-induced  lung injury that 
is believed  due to overd istention of lung units, 
repeated  opening and  closing of atelectatic 
lung, and  likely inflam m atory m ed iators 
released  from injured  lung. In patients with 
ARDS, a mortality benefit has been shown 
from a protective strategy using lower tidal 
volum es for ventilation, in  the range of 
6-7 mL/ kg (calcu lated  based  on p red icted  
body weight). Maintenance of p lateau  pres-
sures < 30 cm H 2O are also recommended to 
reduce lung overd istention. Zero PEEP has 
been shown to be harmful in experimental rat 
models of mechanical ventilation. In humans 
with ARDS, the necessity of PEEP to prevent 
or reduce lung derecru itment is und isputed . 
The best method  to determine the op timal 
PEEP level, however, does not have consensus 
agreement. Despite some strong ind ividual 
preferences, no specific ventilator mode has 
been demonstrated  superior to another based  
on outcome data for ARDS. (5:1417-20)

87.  (B) Criteria for failure of a spontaneous breath-
ing trial have been published  by the American 
College of Chest Physicians. They are respira-
tory rate > 35, SpO2 < 90%, pulse > 140 bpm or 
sustained  increase by 20%, SBP > 180 mm Hg 
or DBP > 90 mm Hg, and  increased  anxiety or 
d iaphoresis. If any of these criteria exist, con-
sideration of extubation should  be delayed  
until a further evaluation of the patient and/ or 
criteria occurs. (5:1421)
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88.  (D) There is no significant d ifference between 
general and  regional anesthesia in neonatal 
condition after nonurgent cesarean section. No 
neonatal depression is demonstrated  if deliv-
ery is within 10 min of induction or if less than 
3 min elapses between u terine incision and  
delivery. (2:534-5; 5:1159)

89.  (C) Induced  hypotension may be necessary for 
short periods of time during a neurosurgical 
procedure. Thus, a short-acting drug, such as 
sodium nitroprusside or nicard ipine, is ideal. 
The u se of hypotension may p rod uce an 
increase in dead  space. Hypotension is not 
contraind icated  in the neurosurgical patient. 
Hypotension never improves ischemia. (5:892)

90.  (C) This is an ultrasound  image of an intersca-
lene nerve block. The C8-T1 nerve roots are 
usually spared . Therefore the u lnar nerve 
(C8-T1) is usually spared . (5:831)

91.  (C) The supraclavicular nerves via the superfi-
cial cervical plexus innervate the cape of the 
shou lder. When performing an interscalene 
block, these nerves are usually anesthetized  
via ind irect sp read  of local anesthetic. 
H ow ever, d ep end ing on  the techniqu es 
employed and  the volume of local anesthetic 
administered , these nerves may be occasion-
ally spared . (5:828)

92.  (D) The child  with an upper respiratory tract 
infection (URI) is a dilemma. It has consistently 
been observed  that the likelihood  of laryngo-
spasm, bronchospasm, and  d esatu ration is 
increased  when a patient has a mild  URI, espe-
cially if an endotracheal tube is used . In the 
case of an acute URI the risk of the above may 
be greater. Most institu tions w ill postpone 
elective surgery if the patient has signs and  
symptoms of an acute URI, especially if nasal 
d ischarge is purulent, a productive cough is 
present, the patient is febrile, or auscultation of 
the lungs reveals rales, rhonchi, or wheezing. 
The d u ration  of p ostp oning is another 
d ilemma, however, 2 to 4 weeks is the usual 
time to wait for rescheduling surgery. (3:226-9)

93.  (D) Selective COX-2 inhibitors do not have any 
advantages in terms of renal effects. COX-2 
inhibitors are associated  with less GI toxicity 
than nonselective COX inhibitors but they are 
more expensive. There is a possible increased  
risk of myocard ial infarction (MI) and  throm-
botic stroke events associated  with the con-
tinuous long-term use of selective COX-2 
inhibitors. Those concerns led  to rofecoxib and  
valdecoxib being withdrawn from the market 
in  the years 2004 and  2005, respectively. 
Nonselective COX inhibitors inhibit the syn-
thesis of TXA2 by inhibiting COX-1 that is 
spared  w ith the use of COX-2 inhibitors. 
(5:1303)

94.  (B) Although many people self-ad minister 
ethanol as a bedtime sedative, and  sedation is 
a prominent effect shortly after the ingestion of 
moderate amounts of ethanol, persons d rink-
ing ethanol just before bedtime often awaken 
a few hours later and  have d ifficulty falling 
asleep again. (1:634)

95.  (D) The blood supply of the posterior descend-
ing artery determines the pattern of coronary 
d ominance: right coronary artery for right 
dominance and  left circumflex artery for left 
d om inance. Most p atients have a right-
dominant, or balanced, pattern of blood supply 
to the posterior descending artery. (5:902)

96.  (B) Causalgia is the term that is sometimes 
used  to ind icate ”sympathetically maintained  
pain” in association with a major nerve injury. 
”Complex regional pain syndrome” is now the 
accepted  term. (1:1444)

97.  (B) Despite increased  blood  flow accompany-
ing elevated metabolic activity during general-
ized  seizures, cerebral acidosis develops. The 
mechanism underlying this phenomenon is 
unclear. Most general anesthetics suppress sei-
zure activity, including barbiturates, benzodi-
azepines, and  volatile anesthetics. Prolonged  
anesthesia with isoflurane has been used  to 
treat refractory seizures. (5:875-8; 6:3267-8)
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98.  (D) The infantile airway has a more cephalad-
placed  larynx, vocal cords that are slanted, and 
a large tongue in a relatively small jaw. The 
ep iglottis is long and  narrow  and  omega 
shaped . The narrowest portion of the infant 
airway is at the level of the cricoid  cartilage. 
(5:254)

99.  (D) The term lupus anticoagulant is a misno-
mer as lupus anticoagulant has no true antico-
agulant activity in vivo. Therefore, neuraxial 
anesthesia is not contraind icated . The syn-
drome is characterized by recurrent pregnancy 
loss and/ or recurrent venous or arterial throm-
bosis as well as laboratory evidence of either 
anticard iolip in antibody or lupus anticoagu-
lant. Pregnant patients may be treated  with 
low-dose aspirin therapy and  heparin in order 
to improve fetal survival and  decrease mater-
nal thrombotic risk. Venous (e.g., deep venous 
thrombosis) and  arterial (e.g., cerebral and  
myocardial infarction) thrombotic events occur 
in patients with antiphospholipid  syndrome. A 
patient receiving a once daily prophylactic 
dose of LMWH should  wait at least 12 h prior 
to placement of neuraxial anesthesia. (2:872-4;
5:216)

100.  (D) The oculocard iac reflex may be initiated  by 
manipulation of any of the structures of the 
afferent pathway, including the globe, orbital 
contents, ophthalmic d ivision of cranial nerve 
V, and trigeminal ganglion and nerve. Tentorial 
manipu lation can produce bradycard ia and  
asystole. Spinal cord  rhizotomy may produce 
bradyarrhythmias. Manipulation of the carotid  
sinus activates afferents of the baroreflex and  
can induce profound alterations in heart rate. 
Simple occlusion of an arteriovenous malfor-
m ation  is not associated  w ith  card iac 
symptoms. (5:887-93; 1206)

101.  (C) Preeclampsia occurs after the 20th week of 
gestation and  requires at least two of the fol-
lowing: systolic blood  pressure greater than 
140 mm Hg or 30 mm Hg above prepregnancy 
values, d iastolic blood  pressure greater than 
90 mm Hg or 15 mm Hg above prepregnancy 

values, generalized  edema, or proteinuria. It 
can involve all organ systems. Its etiology 
remains unknown. (2:975-98; 5:294-6)

102.  (C) Alcohol (50% to 100%) and  phenol (5% to 
20%) are both neurolytic agents. Glycerin is 
often added  to phenol to make its specific 
gravity greater than that of cerebrospinal flu id  
when used  for a hyperbaric spinal technique. 
(1:1453; 5:2775)

103.  (B) Valproic acid  commonly causes elevation 
of hepatic enzymes in plasma. (1:596-7)

104.  (D) Sevoflurane is rarely used  for renal trans-
p lantation due to concerns of fluoride and  
compound  A toxicity. Although most human 
stud ies have not d emonstrated  deleterious 
effects of sevoflu rane on the kidney, many 
authors feel, given the uncertainty surround-
ing the agent, as well as the safe alternatives 
available, that it should  be avoided  in renal 
transplant patients. It shou ld  be noted  that 
sevoflurane has been demonstrated  to have 
antiinflammatory effects on renal tissue that 
may be protective against ischemia reperfusion 
injury. Etomidate is well tolerated  in hemody-
namically compromised  patients, particularly 
important in d iabetic patients with autonomic 
neuropathy. Nitrous oxide has minimal side 
effects of concern in these patients, w ith no 
renal toxicity  and  rap id  elim ination . 
Succinylcholine can be used to facilitate a rapid  
sequence induction in patients with full stom-
ach, gastroparesis, or acid  reflux d isease. 
Becau se the seru m  [K+ ] can  increase 
0.5 mEq/ L with its administration, it should  be 
used  with caution in patients with renal failure 
who have an elevated  preoperative potassium 
concentration (>5.5 mEq/ L). Maintenance of 
skeletal muscle relaxation can be p rovided  
with nondepolarizing muscle relaxants that do 
not depend on the kidney for elimination, such 
as cisatracurium, rocuronium, or vecuronium. 
Although metabolized  in the liver, accumula-
tion of metabolites excreted  by kidney may 
prolong their duration if large doses are used . 
(5:1097-8)
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105.  (C) All op ioid s must be used  cau tiously in 
renal transplant recipients, particularly if the 
graft is not functioning properly. A metabolite 
of morphine, morphine-6-glucuronid e, has 
opioid  agonist activity and  is excreted  by the 
kidneys. It can accumulate in renal failure and  
cause respiratory depression with long-term 
use. The metabolism of hydromorphone pro-
duces a neuroexcitatory compound  that can 
accumulate in renal failure. However, hydro-
morphone has been used  extensively in renal 
failure patients with no adverse effects. In con-
trast, a metabolite of meperid ine, normeperi-
d ine, can accumulate in significant amounts in 
patients with renal failure, and  this compound 
can cause seizures. The pharmacokinetics and  
pharmacod ynamics of fentanyl, su fentanil, 
alfentanil, and  remifentanil are not signifi-
cantly altered  by kidney d isease. (5:1098)

106.  (B) Immediate graft function leads to improved  
graft and  patient survival. Volume expansion, 
maintenance of peripheral vascular resistance 
with vasopressors, and  diuresis, are all helpful. 
Mannitol, when combined with volume expan-
sion, has been shown to decrease the incidence 
of acute tubular necrosis in the transplanted  
kidney. The mechanism by which it does this 
may be related  to decreasing tubular swelling 
by its osmotic effect, its action as a free-rad ical 
scavenger, or by flushing away sloughed  renal 
tubule cells before they can cause injury by sec-
ondary obstruction. Although furosemide can 
be administered  to enhance d iuresis, it has not 
been shown to reduce the incidence of acute 
necrosis in the transplanted  kidney. (5:1099)

107.  (D) Only 20% of patients undergo fusion to the 
lowest lumbar levels. Complications seem to 
occur more in this patient population than in 
patients where the fusion ends in the upper 
lumbar spine. Pregnant women who have had  
surgically corrected  scoliosis and  are without 
significant respiratory or card iac involvement 
tend  to do well. Obliteration or scarring of the 
epidural space from trauma to the ligamentum 
flavum during corrective surgery can alter the 
spread  of local anesthetic. This can lead  to a 
higher incidence of failed  or inadequate block 
and  unintentional dural puncture. (2:1038-43)

108.  (C) As oxygen is absorbed  from the nonventi-
lated  lung, it becomes atelectatic. Persistent 
blood flow through that lung is then not oxy-
genated  and  contributes to shunt. Methods of 
improving oxygenation include decreasing the 
shunt or increasing mixed  venous oxygen con-
centration. The most d irect method of decreas-
ing shunt is to mechanically stop blood flow to 
the atelectatic lung. Increasing oxygen flow to 
the circuit will not increase the FIO2 so it will be 
ineffective. Nitroglycerin, or increased  isoflu-
rane, will impair hypoxic pulmonary vasocon-
striction. PEEP may improve V/ Q matching in 
the ventilated  lung, but may also shift blood  
flow to the nonventilated  lung. (5:971-3)

109.  (C) Of all the drugs listed , methyldopa is the 
d rug most studied  in pregnancy and  the only 
Category B (see list below) drug. Labetalol and  
nifed ipine are Category C drugs that are often 
used  in pregnancy but have not been stud ied  
as extensively as methyldopa. Diuretics are not 
commonly used  in pregnancy and  captopril is 
a category D drug. (1:773-4, 1846-7)

Category A: Controlled  stud ies show no 
risk. Adequate, well-controlled  studies in 
pregnant women have failed  to demon-
strate a risk to the fetus in any trimester of 
pregnancy.

Category B: No evidence of risk in humans. 
Adequate, well-controlled  studies in preg-
nant women have not shown an increased  
risk of fetal abnormalities despite adverse 
 nd ings in animals, or, in the absence of 
adequate human studies, animal stud ies 
show no fetal risk. The chance of fetal harm 
is remote, but remains a possibility.

Category C: Risk cannot be ru led  out. 
Adequate, well-controlled  human stud-
ies are lacking, and  animal studies have 
shown a risk to the fetus or are lacking as 
well. There is a chance of fetal harm if the 
d rug is administered  during pregnancy, 
but the potential bene ts may outweigh 
the potential risk.

Category D: Positive evidence of risk. Stud ies 
in humans, or investigational or post-mar-
keting data, have demonstrated  fetal risk. 
Nevertheless, potential bene ts from the 
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use of the drug may outweigh the potential 
risk. For example, the drug may be accept-
able if needed  in a life-threatening situation 
or serious d isease for which safer drugs 
cannot be used  or are ineffective.

Category X: Contraind icated  in pregnancy. 
Studies in animals or humans, or investi-
gational or post-marketing reports, have 
demonstrated  positive evidence of fetal 
abnormalities or risk that clearly outweighs 
any possible bene t to the patient.

110.  (D) A halo device can limit neck motion neces-
sary for d irect laryngoscopy significantly. This 
necessitates alternative method s of airw ay 
management, including awake fiberoptic intu-
bation by either a nasal or oral route. If the cer-
vical sp ine is unstable, removal of the halo 
device is not recommended. The traumatized  
patient w ith a neck inju ry may have other 
associated  injuries, includ ing facial fractures 
and  closed  head  injury. Anesthetizing the tra-
chea is necessary before p lacement of the 
endotracheal tube to prevent coughing and  
straining. (5:1361-2; 6:139)

111.  (C) This patient has post-herpetic neuralgia. 
Tricyclic antidepressants are often the most 
effective drugs in treating this d ifficult condi-
tion. The anticonvulsant gabapentin has also 
been shown to be useful. The use of TENS or 
opioids is helpful in the occasional patient, but 
usually the results are d isappointing. (1:1448)

112.  (C) For many thoracic procedures in pediatric 
patients such as this one, lung isolation is not 
necessary. If it is necessary, either a Univent 
tube, bronchial blocker, or mainstem intubation 
may be used to provide lung isolation. Double 
lumen tubes (DLT) are not available in a size 
small enough for this patient. The smallest DLT 
available in the United  States is size 26-French 
that may be used  in child ren as young as 
8 years of age. With the Univent tube, the 
blocker is less likely to become d islodged  
because it is attached  to the main endotracheal 
tube. An arterial catheter is not likely necessary 
in this patient as the patient is otherwise 
healthy, is not in d istress, and is hemodynami-
cally stable. If a bronchial blocker is used , it 

may be passed inside of the tube with fiberoptic 
assistance, or, if the tube is too small, fluoroscopy 
may be used  to guide placement, or the cathe-
ter may be p laced  with fiberoptic assistance 
outside of the endotracheal tube. Using a larger 
tube than is appropriate for the patient is not 
recommended  as this could  result in airway 
swelling and inflammation. (3:281-6)

113.  (A) Neural pathways responsible for the trans-
mission of pain during the first stage of labor 
are visceral in nature and involve afferent path-
ways from T10 – L1. The pathways involved for 
the second stage of labor are somatic and pro-
duced by the distension of the perineum and 
stretching of the fascia, skin, and subcutaneous 
tissues and  involve afferent pathways from 
S2 – S4 via the pudendal nerves. (2:223-4)

114.  (B) This is a common late presentation of an 
atrial septal defect. The other defects do not 
cause right atrial d ilation that leads to atrial 
fibrillation. (3:479)

115.  (A) The most likely d iagnosis is acute myocar-
dial ischemia usually manifested by ST-segment 
changes, a rise in PA pressures, and new wall 
motion abnormalities on TEE. Promoting fac-
tors for myocardial ischemia include tachycar-
d ia, hypotension, a rise in left ventricular end 
d iastolic pressure (that results in a rise in pul-
monary capillary wedge and pulmonary artery 
pressures), severe anemia, and  hypoxemia. 
While options B, C, and  E might also lead to 
elevated PA pressures, they are less likely based  
on the information provided. Option D usually 
results in decreased  PA pressures. (5:908-9)

116.  (C) Prompt treatment of hypotension is manda-
tory to restore coronary perfusion pressure and  
alleviate myocardial ischemia. Administration 
of the α-adrenoceptor agonist phenylephrine is 
the best option given; norepinephrine would be 
an alternative. While epinephrine can treat 
hypotension, it is likely to cause tachycardia and  
thus exacerbation of ischemia. Glycopyrrolate 
would cause tachycardia without associated rise 
in blood pressure. Arterial vasodilators are not 
indicated in this situation. (1:295; 5:902-7)
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117.  (C) If the patient is otherwise stable, the best 
treatment is to inform the surgeon and  request 
that he/ she stop the stimulus that precipitated  
the oculocard iac reflex. After a brief pause in 
which the heart rate is allowed to recover, the 
surgeon may resume surgery. The reflex does 
fatigue early and  usually is not persistent. 
Preoperative atropine or a regional block of the 
orbit are methods of preventing the OCR, but 
are not treatments for it. There is some concern 
that the preoperative administration of atro-
p ine may lead  to an increased  incidence of 
intraoperative arrhythmias. Intravenous atro-
pine is more effective than intramuscular or 
oral atropine in p reventing this reflex. It is 
important to inform the surgeon as soon as 
bradycard ia is seen. (3:696; 5:1206, 1220)

118.  (C) The afferent limb of the oculocard iac reflex 
is the trigeminal nerve. The efferent limb is the 
vagus nerve. (5:1220)

119.  (C) Methimazole does cross the placenta. This 
can result in fetal hypothyroidism and goiter 
formation. Fetal goiter can be diagnosed in utero 
with ultrasound. Hyperthyroid  patients have 
decreased glucocorticoid  reserves and should  
receive supplementation. Radioactive iodine is 
contraindicated during pregnancy. Undiagnosed  
or undertreated pregnant patients with Graves 
disease are at increased risk for thyroid storm 
and precipitating factors include infection, thy-
roid cancer, normal labor, hemorrhage, cesarean 
delivery, and eclampsia. Physicians should be 
prepared to treat thyroid storm should it occur 
during pregnancy. (2:923-8)

120.  (E) Both drugs are short-acting and  do not pro-
duce prolonged sedation and both drugs have 
little effect on REM sleep. Triazolam, like other 
benzodiazepines, produces anterograde amnesia. 
(1:463, 465, 467)

121.  (D) Hypoxemia and  intracranial hypertension 
are com m on p roblem s after closed  head  
trauma. Securing the airw ay and  initiating 
mechanical ventilation may be requ ired  to 
maintain ad equate oxygenation. Sed ation, 
w hich decreases cerebral metabolic rate, is 
usefu l to reduce ICP bu t does obscure the 

neurological exam. Routine hyperventilation 
has been found  not to be of benefit to outcome 
and  is no longer recommended . The recom -
mended  lower limit for CPP is 60 mm Hg. 
(5:1380, 1466-72; 6:2256-8)

122.  (E) Meconium aspiration usually occurs in full-
term babies and  is rare in those weighing less 
than 2 kg at birth. Regular chest physical ther-
apy and  postural d rainage are recommended 
to clear residual meconium from the lungs. 
Long-term outcome is good, in terms of intel-
lectual development and  pulmonary function, 
unless asphyxia occurred  in the perinatal 
period . Passage of meconium may occur in the 
presence or absence of fetal d istress. (5:247-8)

123.  (B) α1-antitrypsin deficiency leads to airway 
d isease that is familial and  is determined  by 
serum assay. The assay measures the level of a 
protective enzyme produced  by the liver that 
acts to prevent autod igestion of lung tissue by 
the proteolytic enzymes of phagocytic cells. 
Only 1-2% of COPD patients are found to have 
severe α1-antitrypsin deficiency as a contribut-
ing cause to their d isease. (5:188, 1090; 6:2152)

124.  (D) The morbidly obese patient is at a higher risk 
of having a macrosomic infant and a lower risk 
of preterm delivery. A higher initial failure rate of 
epidural placement has been reported and the 
need for placement of a second or third catheter 
is more common. Morbidly obese parturients are 
at higher risk for undiagnosed obstructive sleep 
apnea (OSA). Although the ASA guidelines for 
the perioperative management of patients with 
OSA was not intended specifically for pregnant 
patients, they do provide some guidance for the 
management of the obese parturient undergoing 
cesarean delivery. (2:1081-90)

125.  (A) Carboxyhemoglobin, which is present in 
cases of carbon monoxide poisoning, may cause 
a normal pulse oximetry reading. The history 
of this patient who was trapped in a burning 
structure without burn injury and who is now 
comatose suggests carbon monoxide poisoning 
with neurologic impairment. Because the absor-
bance spectrum of carboxyhemoglobin is simi-
lar to that of oxyhemoglobin, most pu lse 
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oximeters will not discriminate carboxyhemo-
globin from oxyhemoglobin and oximetry read-
ings may be normal. An arterial blood gas will 
reflect a normal PaO2 since the PaO2 does not 
reflect the amount of oxygen bound to hemo-
globin. (6:1336)

126.  (D ) Seizu res are a know n complication of 
hyperbaric oxygen therapy. Treatment is rapid  
decompression and removal from the chamber. 
(Weaver L. Crit Care Med 2011; 39:1784-91)

127.  (B) An Apgar score of 7 to 10 ind icates a 
healthy infant, who cries after delivery, main-
tains tone and  color, has a heart rate above 100 
beats/ min and  requires only routine care. An 
infant with an Apgar of 4 to 6 is depressed , 
may not breathe immediately and  should  be 
stimulated  and  have the airway cleared  with a 
bulb and  syringe. If the heart rate is less than 
100 beats/ min the infant should  be ventilated  
with a bag and  mask at a rate of 60/ min. Long 
inflations rather than short, fast ones are opti-
mal. An infant with an Apgar of 0 to 3 is flac-
cid , apneic, pale, and  unresponsive. The ones 
that don’t respond to bag and mask ventilation 
shou ld  be intubated , and  if the heart rate 
remains less than 100/ min, chest massage is 
initiated . (3:834-5)

128.  (A) Celecoxib is selective for COX-2, while 
ketorolac and  indomethacin are more selective 
for COX-1. Ibuprofen and acetaminophen have 
little selectivity. (1:962)

129.  (B) Double-lumen tubes have one lumen in the 
trachea and  one lumen in a mainstem bron-
chus. The handedness of the tube reflects the 
bronchus intubated . (5:964)

130.  (A) The most common side effects of chronic 
COX inhibitor therapy are gastric in nature such 
as anorexia, nausea, dyspepsia, abdominal pain, 
and  d iarrhea. In addition, 15-30% of chronic 
users will develop gastric ulcers. All other con-
ditions listed  are side effects that are observed  
less frequently. Chronic use of COX inhibitors 
in the elderly must be accompanied by vigilance 
in monitoring for the various side effects. 
This vigilance includes determining (when 

appropriate) liver function tests, hematocrit, 
renal function, and occult blood in stool. Long-
term use should probably also include use of 
misoprostol that can reduce the incidence of 
COX inhibitor-induced ulcers; empirical data 
suggest that other drugs (histamine H2 antago-
nists, sucralfate, antacids, and  proton pump 
inhibitors) may have similar effects. (1:973-4)

131.  (D) Following a burn injury of this magnitude, 
vast amounts of fluid  are lost from the circula-
tion into the burned tissue, and thereafter are 
sequestered  outside the circu lation even in 
nonburned tissues. Albumin loss is usually at 
least tw ice the total body p lasma content. 
Cardiac output is strikingly decreased immedi-
ately after injury because of the rapid reduction 
in circulating blood volume or the severe com-
pressive effects of circumferential burns on the 
abdomen and chest impairing venous return. 
This is despite a large increase in circulating 
catecholamines. Evaporative flu id  losses are 
about 4 liters per square meter per day. Pulse 
oximetry is not useful in monitoring oxygen-
ation in carbon monoxide poisoning because 
carboxyhemoglobin produces an overestima-
tion of oxygen saturation; the photodetector 
does not d ifferentiate between oxyhemoglobin 
and carboxyhemoglobin. In contrast, transcuta-
neous oxygen analyzers are usefu l. As this 
patient has experienced significant inhalation 
inju ry, treatment involves intubation and  
mechanical ventilation with aggressive pulmo-
nary toilet. (5:1335-7)

132.  (A) The efficacy of the injected  depot formula-
tion of naltrexone in maintaining abstinence 
from ethanol is surprisingly modest. All of the 
other modalities have higher efficacy. (1:642-4;
654-6; Pettinati HM, et al., A lcohol Clin Exp Res 
2011; 35:1804-11)

133.  (D) Spinal cord  stimulation involves the place-
ment of stimulating electrodes in the epidural 
space. Typically the generators are implanted . 
With p roper patient selection, it has been 
shown to be useful in several chronic pain con-
d itions, includ ing ischemic pain and  ”failed  
back syndrome” with a rad icular component. 
(1:1457; 5:2774)
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134.  (C) Benzodiazepines bind  to the GABA recep-
tor, a chloride channel, and  increase its affinity 
for GABA thereby increasing chloride conduc-
tance. (1:461)

135.  (B) The expected effects of nerve root impinge-
ment are:
L2 nerve: weakness of hip  exion (iliopsoas) 

and  sensory loss on anterior groin and  
thigh. No deep tendon re ex

L4 nerve: weakness of leg extension (quadri-
ceps), ankle dorsi exion (tibialis anterior); 
sensory loss medial calf/ foot; loss of patel-
lar re ex

L5 nerve: weakness of dorsi exion of big toe 
(EHL) sensory loss lateral aspect of calf and  
dorsum of foot. No deep tendon re ex

S3 nerve: weakness of the anal and/ or uri-
nary sphincters and  pain or sensory loss in 
the d istribution of the pudendal nerve

(7:275)

136.  (D) Neonates have 60% to 90% hemoglobin F, 
and  it is not until they are about 6 months of 
age that the adult hemoglobin A to hemoglobin 
F ratio is achieved . Hemoglobin F has a high 
affinity for oxygen, and  the oxygen d issocia-
tion cu rve is shifted  to the left, resu lting 
in decreased  oxygen delivery to the tissues 
at a given oxygen tension, and  a lower P50
valu e com p ared  to ad u lt hem oglobin . 
2,3-d iphosphoglycerate interacts with hemo-
globin A resu lting in decreased  affinity for 
oxygen. It does not interact with hemoglobin 
F. (5:1175)

137.  (C) Infants of up to 50 weeks post-conceptual 
age are at risk of postoperative apnea, even if 
they have no history of previous apneic epi-
sodes. Therefore, they are usually kept in the 
hospital for the first postoperative night for 
close apnea monitoring and  are not operated  
on as ambulatory surgery patients. Halothane 
has been shown to decrease chemorecep tor 
sensitivity and  is therefore implicated  in post-
operative apnea, but with appropriate moni-
toring its use is not contraind icated . Sp inal 
anesthesia can be used as the sole technique for 
this procedure, bu t should  not be combined  

with a sedative agent because of the risk of 
postoperative apnea. Infants have a relatively 
rap id  up take of volatile agents because of 
d ecreased  blood –gas partition coefficients, 
decreased  MAC, increased  card iac output per 
kg body mass, and  relatively high blood  flow 
to the brain. Caudal ep idural injection typi-
cally as an ad junct to general anesthesia is a 
reasonable technique. (5:1187-9)

138.  (C) The most likely find ing on TEE based  on 
the patient’s symptoms is severe mitral regur-
gitation (MR). MR in patients w ith H OCM 
occurs as a consequence of systolic anterior 
motion (SAM) of the anterior mitral valve leaf-
let, thus acutely narrowing the left ventricu lar 
outflow tract. This condition is exacerbated  by 
states of increased  contractility, in this case 
due to the infusion of ep inephrine, and  hypo-
volemia, for example d ue to sud d en large 
volume blood  loss. None of the other options 
listed  would  explain worsening hemodynam-
ics in response to ep inephrine infusion. TEE 
find ings as d escribed  in  op tion A can be 
expected  in acute pulmonary embolus. (5:449, 
910; 6:1934, 1967)

139.  (B) States of increased  contractility worsen left 
ventricu lar ou tflow  tract obstru ction  as 
described  in the explanation to the previous 
question. Epinephrine should  therefore be d is-
continued immediately. Milrinone and calcium 
would  have the same effect and  likely worsen 
this patient’s hemodynamics. The goal of ther-
apy is restoration of preload  with volume infu-
sion and  afterload  support if ind icated  with 
pure α-adrenoceptor agonists such as phenyl-
ephrine. Nitroglycerin, due to the associated  
reduction in  p reload  w ou ld  likely w orsen 
hemodynamics. (5:449, 910; 6:1934, 1967)

140.  (C) Patients w ith obstructive sleep  apnea 
(OSA) m ay have p ronounced  pharyngeal 
obstruction during induction of anesthesia 
requiring the placement of an oral or nasopha-
ryngeal airway and / or CPAP to maintain a 
patent airway. These patients have greatly 
increased sensitivity to opioids, should be mon-
itored carefully, and when necessary admitted  
for observation with apnea monitoring. Due to 
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the small oropharynx and  ad enotonsillar 
hypertrophy, p lacement of an LMA could  be 
d ifficult. (3:666-8)

141.  (B) Laceration of the brain commonly permits 
spilling of brain tissue thromboplastin into the 
systemic circu lation. This can p roduce the 
rapid  appearance of d isseminated  intravascu-
lar coagulation. Coagulation stud ies typically 
demonstrate a prolonged  PT and  aPTT with 
red u ced  fibrinogen  and  p latelet cou nts. 
D-d imers may also be elevated . (5:217; 6:978)

142.  (E) Uremia from kidney failure is associated  
with platelet dysfunction that can cause sig-
nificant bleed ing during surgery. Coagulation 
stud ies are typ ically normal. (5:1330, 1444; 
6:460, 2203)

143.  (C) Delirium tremens is characterized  by delir-
ium, tremors, and  overactivity of the au to-
nom ic nervou s system . Sym p tom s begin 
within 5-10 h of decreased  alcohol intake and  
peak on day 2-3. (6:3551)

144.  (B) Delirium is defined as a d isturbance of con-
sciousness or cognition that has developed  
over a short period  of time and is caused by 
d irect physiologic consequences of a general 
medical condition. The hallmark symptom is a 
deficit of attention that fluctuates over hours or 
days. The patient may also have altered  sleep-
wake cycles, hallucinations and  affect changes. 
Heart rate and  blood pressure instability may 
occur. Delirium is an underdiagnosed, though 
common, find ing in hosp italized  patients 
(14-56%, with higher estimates in ICU patients). 
Mortality is estimated at 25-33% among deliri-
ous inpatients. (5:1390-1; 6:196-201)

145.  (D) Dementia is defined  as an acquired  dete-
rioration in cognitive abilities that impairs the 
successfu l performance of activities of daily 
living. Memory is the most common, but not 
the only cognitive ability that may be lost. 
Most forms of dementia are progressive. The 
Mini-Mental Status Examination is a screening 
tool used  to confirm that a patient has cogni-
tive impairment. (6:3300-16)

146.  (A) Symptoms of acu te alcohol intoxication 
include decreased  inhibitions, a decrease in 
complex cognitive functions, slurred  speech, 
m otor irritability, and  poor ju d gm ent. (6:
3546-52)

147.  (A) Ep inephrine is considered  the d rug of 
choice for the treatment of fetal bradycard ia 
during the resuscitation of the newborn. It is 
recommended  if the fetal heart rate remains 
less than 60 beats per minute after 30 sec of 
adequate ventilation and  chest compressions. 
A dose of 0.01-0.03 mg/ kg (or 0.1-0.3 mL/ kg of 
a 1:10,000 solu tion) is recommended  every 
3-5 min. (2:164-70)

148.  (C) See explanation to Question 147. Atropine 
is no longer recommended for use during the 
resuscitation of the newborn. Epinephrine is 
considered the drug of choice for the treatment 
of bradycard ia in the newborn. (2:169)

149.  (M) (Lauer R, Mathew JP. Transesophageal tomo-
graphic views. In: Mathew JP, et al., eds., Clinical 
M anual and Review of Transesophageal 
Echocardiography, 2nd ed., New York: McGraw-Hill, 
2010, Figure 5-21)

150.  (O) (Lauer R, Mathew JP. Transesophageal tomo-
graphic views. In: Mathew JP, et al., eds., Clinical 
M anual and Review of Transesophageal 
Echocardiography, 2nd ed., New York: McGraw-Hill, 
2010, Figure 5-32)
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2-Chloroprocaine, II:229, II:232, II:288
5-HT3 receptors, I:74t

A
Abdominal aneurysm, II:112
Abdominal compartment syndrome, II:434, II:472
Abdominal d istension, I:175
Absolute humidity, I:24
Absorption rate, I:583
Abstinence syndrome, I:498
ACC/ AHA. See American College of Card iology/

American Heart Association
Acetaminophen toxicity, II:567
Acetazolamide, I:51t, I:522
Acetylcholine, I:1t, I:39t, I:238, I:484, II:3, II:9
Achondroplasia, II:299
Acid-base d isturbance, II:489
Acidosis, I:132t, I:432
Acquired  immunode ciency syndrome (AIDS), I:343
Acrocyanosis, II:253
Acromegaly, I:102t, I:329
Activated  protein C, I:100
Acupuncture, II:82t, II:582
Acute alcohol intoxication, II:146t
Acute intermittent porphyria (AIP), I:118t, I:138t, I:468
Acute tubular necrosis, I:334
Acute withdrawal syndrome, II:20
Addison d isease, I:6t
Additive effect, I:482
Adenine, I:121t
Adenoidectomy, I:286, II:140t
Adenosine, I:79, I:136
ADH. See Antid iuretic hormone
Adjustable pressure limiting valve (APL valve), I:51
Adrenal insuf ciency, I:6t

Index

Adrenergic nervous system, II:72t
Adrenergic α 1A, II:57
Adrenergic α 2A, II:58
Adrenergic β2, II:59
Adrenocorticotropin, I:255
Afterload , II:95
Age, I:45t, I:123, I:445
AIDS. See Acquired  immunode ciency syndrome
AIP. See Acute intermittent porphyria
Air embolism, II:203, II:205, II:210, II:222
Air ow, I:10
Airway, II:98t, II:110t
Airway, d if cult, I:101t–102t, II:129, II:264
Airway, emergency access, I:104t
Airway, esophageal-tracheal, I:197
Airway, infant and  adult, I:195
Airway, upper, I:104t
Airway collapse, II:368
Airway edema, II:458
Airway exchange catheter, II:128–129
Airway  re, II:77t, II:423
Airway maintenance with mask, I:49t
Airway obstruction, I:59t, I:231
Airway pressure, I:164, I:169
Airway re exes, I:538
Airway resistance, I:130t, I:221
Aladin vaporizer, I:42
Albumin, I:304, I:558
Albuterol, II:7, II:21
Alcohol, I:300, II:27, II:132t, II:146t, II:569
Alcoholism, I:293–294, I:304, I:314, I:448, I:459, II:100
Aldosterone, I:363, II:467
Allen test, I:128
Allergic reaction, I:471, I:578, I:582
Allopurinol, I:408

The Rom an num erals follow ing the top ic refer to Parts I or II of the book, and  the num bers refer to speci c 
questions in that Part.  When a “t” follows the number, it denotes a question in one of the Practice Tests, 
Chapters 10 or 20 in Parts I or II, respectively.
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α -Adrenergic agonist, II:31t
α -Adrenoceptors, I:66t, II:72t
α 1-Antitrypsin de ciency, II:123t
Alpha-stat method, II:140
Alpha wave, I:251
Alveolar cells, I:192, I:200
Alveolar gas, I:219, I:483
Alveolar gas equation, I:1, I:34t
Alveolar pressure, I:127t, I:186–187
Alveolar proteinosis, II:156
Alveolar rupture, I:233
Alveolar tension, I:543
Alveolar ventilation, I:116t, I:260
Ambient pressure, I:127t
American College of Card iology/ American Heart 

Association (ACC/ AHA), I:76
American Society of Anesthesiologists (ASA), I:43, 

I:52, I:110t
Aminocaproic acid , I:89
Aminoglycoside antibiotics, II:246
Amiodarone, I:78t, I:404, I:454
Amnesia, I:460, I:538
Amniotic  u id  embolus, II:306
Amyotrophic lateral sclerosis, I:284, II:224
Analgesia, I:194, I:501, II:45
Analysis of variance, I:4
Anaphylactic reaction, I:458, II:22, II:522
Anatomic dead  space, I:180
Anemia, I:65t, I:364
Anesthesia, caudal, II:292
Anesthesia, d issociative, I:470
Anesthesia, endotracheal, II:402–403
Anesthesia, general, I:31t, I:134t, I:193, I:227, I:286, 

I:348, I:509, I:524–558, II:10t, II:38t, II:231, II:355
Anesthesia, inhalational, I:470, I:481
Anesthesia, local, I:378, I:387, I:419
Anesthesia, neuraxial, II:118
Anesthesia, prolonged , I:474
Anesthesia, regional, I:559–600, II:38t, II:64–93, II:77
Anesthesia, spinal, I:70t, I:145t, I:262, I:561, I:562, 

I:569, I:570, I:574, I:591, II:67, II:118, II:304, 
II:334, II:349

Anesthesia circuit, I:22t, I:44
Anesthesia machine checkout instructions, I:52
Anesthesia risk, I:211
Anesthetic, halogenated  volatile, I:503
Anesthetic potencies, I:381
Anesthetic toxicity, I:114t
Aneurysm, abdominal, II:112
Aneurysm, intracranial, II:179

Aneurysm, thoracoabdominal, II:148
Aneurysm repair, II:110, II:134–136, II:154
Aneurysmal rebleeding, II:487
Angina, I:305
Angiography, II:217
Angiotensin-1 receptor (AT1 receptor), I:520
Anion gap, I:362, II:20t
Ankle block, II:82
Anorexia nervosa, I:8t
Antacid , I:446
Antenatal counseling, II:252
Anterior ischemic optic neuropathy, I:42t
Anterior rad icular arteries, II:64
Anterior spinal artery, II:64
Anthrax, II:454
Antiarrhythmic drugs, I:454
Antibiotics, II:55t, II:373, II:493, II:507
Anticholinergic syndrome, I:402, II:1
Anticholinesterase drugs, I:395
Anticoagulant drugs, I:86t
Anticoagulation, I:109t, I:414, I:418, 

I:559, II:10
Anticonvulsant activity, I:379
Anticonvulsant agent, I:504
Antid iuretic hormone (ADH), I:255, I:337, 

I:363, I:517
Antiemetic effects, I:489
Antihypertensives, I:76, I:83t, I:499, I:512, II:30
Antimicrobial therapy, I:491, II:7t
Antiphospholip id  syndrome, II:99t
Antiplatelet therapy, I:81, II:145
Antipsychotic agents, II:37t
Antithrombin III de ciency, I:75t, I:340
Anxiety, I:118, II:48
Anxiety d isorder, II:13
Aorta, overrid ing, I:93t
Aortic regurgitation, I:87, I:143, II:132
Aortic stenosis, I:86, I:97, I:120, I:131, I:318, 

II:142, II:151
Aortic surgery, II:1t, II:110–111, II:134–136, II:154–155
Aortic valve replacement, II:162
Apgar score, II:75t, II:127t, II:253
APL valve. See Adjustable pressure 

limiting valve
Apnea, I:296, II:3, II:241
Apnea, obstructive sleep, I:338, II:140t, II:435
Apnea monitoring, II:341
Apneic oxygenation, II:130, II:423
Aprepitant, II:40
Arachnoid  mater, I:564, II:67
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Arachnoid  villi, I:67t, I:245
Argatroban, I:414, II:10
Arginine vasopressin, I:363, I:517
Argon, I:10, I:12
Arnold–Chiari malformation, I:283
Arrhythmia, I:21t, I:78t, I:93, II:17, II:100t
Arteria rad icularis magna, I:79t
Arterial blood , I:237
Arterial catheter, I:100t, II:80t
Arterial oxygen concentration, I:34t
Arterial oxygen tension, I:98t
Arterial waveform, II:486
Arteriovenous malformation, I:287, I:540
Arteriovenous pressure d ifference, I:188
Arthritis, rheumatoid , I:408, I:565, I:568
Arti cial pacing, II:99. See also Card iac pacing
ASA. See American Society of 

Anesthesiologists
ASA dif cult airway algorithm, II:264
ASA Physical Status, I:77t
Ascites, I:314
Aspiration, II:123
Aspirin, I:306, II:18, II:42, II:407, II:584
Aspirin overdose, I:496
Asthma, I:406, I:463–464, II:314
Asystole, I:588, II:110
AT1 receptor. See Angiotensin-1 receptor
Atelectasis, I:196, II:350, II:368, II:496
Atenolol, II:30
Atracurium, I:35t, I:85t, I:371
Atrial collapse, II:137
Atrial  brillation, I:140, I:355, I:407, I:454
Atrial septal defect, II:114t
Atrioventricular block, I:413
Atrioventricular conduction time, I:103t
Atrioventricular nodal rhythms, II:143
Atropine, I:141t, I:398, I:431, II:43, II:148t, II:239, 

II:436, II:462
Auscultation of thorax, I:19t
Automatic noninvasive blood  pressure measuring 

device, I:53
Autonomic hyperre exia, I:261
Autonomic nervous system, II:85t
Autoregulation, II:176
Awake  beroptic intubation, I:101t, 

I:592, I:597
Awareness risk, I:551
Axillary block, II:69, II:79t
Azygos veins, II:131
A-δ  bers, II:531

B
Bain circuit, I:39, I:40
Baricity, I:32, I:47t
Barium swallow, II:123
Barometric pressure, I:35
Basal ganglia, I:248
Basilar artery, I:120t, I:264
B-cell lymphoma, I:343
Beckwith-Wiedemann syndrome, II:395
Bedtime sedative, II:44
Benzocaine, I:101t, I:592
Benzodiazepine, I:439, I:507, II:44, II:134t
Benztropine, II:51
Bernoulli theorem, I:96t
β-Adrenoceptor agonist, II:31t
β1-Adrenoceptor antagonism, II:47
β-Adrenoceptor antagonist, I:305, I:334, 

II:30, II:47
β1-Adrenoceptor effects, II:4
β-Adrenoceptors, I:66t, I:124t
β1-Adrenoceptors, I:434
β2-Adrenoceptors, II:85t
β wave, I:251
Bicarbonate, I:207, II:302
Bicuspid  aortic valve, I:16t
Bier block. See IV regional block
Binding sites, competition for, I:1t
Biologic terrorism, II:454–456
Biopsy-proven hepatic cirrhosis, I:75t
Biotransformation, I:542
Bipolar d isorder, II:15, II:19, II:49
Birth control pills, I:306
BIS. See Bispectral index monitor
Bispectral index monitor (BIS), I:36, I:62, II:451
Bisphosphonates, II:532
Bladder function, I:569
Bleed ing, II:440
Bleomycin, II:16
Blood coagulation, I:91t, I:399
Blood concentration of drug, I:440
Blood  ow, II:40t
Blood  ow rate, II:113
Blood gas analysis, I:496
Blood glucose, I:350
Blood group, I:84
Blood loss, I:231, II:313, II:342
Blood pressure, I:25t–26t, I:139t, I:261, I:297, II:69t, 

II:115
Blood pressure cuff, I:38, I:47
Blood pressure monitor, II:107
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Blood supply, I:38t, II:95t
Blood transfusion, I:92t, I:324, I:429
Blood volume, II:313
Blood-brain barrier, I:90t, I:281
Blood:gas partition coef cient, I:58t, I:543
Blunt-tip  needles, I:586
BNP. See B-type natriuretic peptide
Body  uid , II:361
Body position, I:56t
Body temperature, I:236
Bolus intravenous injection, I:393
Bone marrow harvest, I:354
Bosentan, I:516
Botulinum toxin, II:9
Botulism, II:456
Bowel obstruction, II:506–507
Bowel resection, I:66t
Boyle’s law. See Gas pressure and  volume
Brachial plexus absorption rate, I:583
Brachial plexus block, I:378, I:449, I:589, 

II:77, II:86
Brachiocephalic vein, II:155
Bradycard ia, I:70t, II:49t, II:386, II:578
Brain, II:175
Brain, normal, I:280
Brain biopsy, I:239
Brain stem, I:120t, I:254
Brain swelling, I:287
Brain tissue, I:237
Brain tumors, I:288
Breathing, II:367
Breathing, work of, I:203, I:214
Breathlessness, I:148t
Breech presentation, II:272
Bronchial blockade, II:100
Bronchial venous systems, II:131
Bronchoconstriction, I:488
Bronchodilation, I:141t, II:7
Bronchodilator therapy, II:39t
Bronchopleural  stula, II:156
Bronchoscopy, I:19t, II:125, II:380, II:506
Bronchospasm, I:412, II:152
B-type natriuretic peptide (BNP), I:78
Budesonide, I:406
Bumetanide, I:77
BUN elevation, I:349
Bupivacaine, I:55t, I:123t, I:377, I:568, I:571, I:574, I:588, 

II:6t, II:72–74, II:598
Bupropion, I:97t, II:8
Burns, I:21t, I:28t, II:131t, II:315, II:443

Buspirone, II:48
Butorphanol, I:107t, I:447

C
Caffeine, I:426
Calcium, II:23, II:477–478
Calcium channel, II:539
Calcium channel blockers, I:103t
Calcium chloride, I:41t
Calories, I:60t
Cancer pain, II:548, II:576
Cannon waves, II:143
Capacitance, I:5
Capacitive reactance, I:6
Capillary permeability, I:212
Capillary pressure, I:212
Capnography, I:19t, I:68, II:205
Captopril, I:472, I:499
Carbamazepine, I:504, II:49
Carbon d ioxide, I:11–12, I:14, I:17, I:73, I:155, I:170, 

I:207, I:218, I:289, II:45t, II:130, II:392
Carbon d ioxide absorbent, I:48, I:48t, I:49, I:57
Carbon d ioxide formation, I:116t
Carbon d ioxide response curve, I:37t
Carbon monoxide, I:14, I:48t, I:49, I:155, I:481, I:492
Carbon monoxide diffusion capacity (DLCO), I:81t, I:174
Carbon monoxide poisoning, I:182, II:437
Carboxyhemoglobin, I:155, I:182
Carcinoid  syndrome, I:325, I:336
Card iac arrest, I:479
Card iac arrhythmias, I:10t
Card iac catheterization, II:95t, II:159
Card iac contusion, II:158
Card iac dysrhythmia, I:209
Card iac output, I:61t, I:97, I:141, I:271, I:434, 

I:536, I:543
Card iac pacing, II:94
Card iac rhythm-management device (ICD/

pacemaker), II:105
Card iac shunts, I:209
Card iac toxicity, I:377
Card iogenic shock, II:520
Card iomegaly, I:102t
Card iomyopathy, II:26
Card iopulmonary bypass (CPB), I:119, II:9t, II:40t, 

II:45t, II:103, II:113–114, II:140, II:160, II:336
Card iopulmonary resuscitation, I:430
Card iovascular collapse, I:488, II:318
Card iovascular d isease, I:122t
Carotid  bodies, I:183
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Carotid  endarterectomy, I:168, II:13t
Catecholamines, II:416
Cauda equina syndrome, II:225
Caudal anesthesia, II:292, II:388
Caudal termination, I:561
CBF. See Cerebral blood   ow
CC. See Closing capacity
CDH. See Congenital d iaphragmatic hernia
Cefazolin, I:491
Cefepime, II:54t
Celecoxib, II:128t
Celiac plexus, I:265
Celiac plexus block, II:59t, II:559
Central d iabetes insipidus, II:516
Central line-associated  blood  stream infection, II:481
Central nervous system, II:278
Central pain, II:557
Central venous catheter, I:129, II:481
Central venous pressure, II:143
Cephalad  position, I:216
Cerebral aneurysm clip  obliteration, II:209
Cerebral artery infarction, II:528
Cerebral autoregulation, I:285
Cerebral blood   ow (CBF), I:15t, I:90t, I:99t, I:257, 

I:268, I:270, I:451
Cerebral blood  volume, I:288, I:289
Cerebral edema, I:131t, II:66t
Cerebral ischemia, I:271, II:52t
Cerebral metabolic rate of oxygen consumption 

(CMRO2), I:90t, I:268–269, I:456, II:98, II:175
Cerebral oxygen requirement, II:177
Cerebral palsy, II:389
Cerebral perfusion pressure (CPP), I:259, II:189, II:192
Cerebral salt wasting, II:514
Cerebral vasospasm, I:263, II:217–219
Cerebral ventricle, I:67t
Cerebrospinal  u id  (CSF), I:67t, I:237, I:245, I:266, 

I:282, I:288, I:564, II:67, II:220, II:278
Cerebrospinal  u id  pressure, I:87t
Cerebrovascular accident, II:236
Cerebrovascular d ilatation, II:202
Cerebrovascular d isease, I:25t
Cervical epidural steroid  injection, II:75
Cervical nerve root injection, II:560
Cervical spine instability, II:216
Cervical surgery, II:198
Cervicogenic headache, II:70t
Cesarean delivery, II:88t
Cesarean section, II:232, II:240–241, II:243, II:255, II:299
C- ber activity, II:535

Check valves, I:46, I:54
Chemoreceptor trigger zone, I:276, I:467
Chemoreceptors, I:17t
Chest compressions, II:509
Chest pain, I:148t
Chest rad iograph, I:19t
Chest tube suction, II:29t
Chest wall compliance, I:202
Chest wall edema, I:175
Chest wall transmural pressure, I:127t
Chest wall trauma, I:233
Chi squared  test, I:4
Childbirth, natural, II:279–280
Child-Pugh class B, II:399
China, II:41
Chlorhexid ine, II:459
Chloride conductance, I:439, II:134t
Chloroprocaine, I:449
Chlorpromazine, II:37t
Chlorthalidone, I:77
Cholangitis, II:406–407
Cholecystectomy, I:322, I:348
Cholinesterase, II:298
Christmas d isease. See Hemophilia B
Chronic obstructive pulmonary d isease (COPD), 

I:143t, I:223, I:310, I:527, II:150, II:419–420
Chronic pulmonary hypertension, I:150t
Chronic renal failure, I:291
Chvostek sign, II:71t
Cimetid ine, I:437, I:486, I:550
Circle system, I:22t, I:535
Cirrhosis, I:75t, I:326, I:357, II:408–409, 

II:415–416
Cisatracurium, I:35t, I:396, I:505, I:547
Cisplatin, I:469
Clamping of d istal aorta, II:1t
Clamping of thoracic aorta, II:110
Clarithromycin, I:308
Cleft palate, II:310
Clindamycin, I:485, II:7t
Clonid ine, I:506, I:568, II:31
Clopidogrel, I:81, II:18, II:145
Closed  head  trauma, II:121t
Closing capacity (CC), I:45t, I:215, I:224, II:368
Closing volume, I:13t, I:230
Clostridium perfringens infection, I:485
Clotting ability, II:475
Clotting factor, I:23t, I:331
Clozapine, II:37t
Cluster headaches, II:571
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CMP. See Comprehensive metabolic panel
CMRO2. See Cerebral metabolic rate of oxygen 

consumption
CNS excitation, II:94t
CO2 laser ablation, II:77t
Coagulation, I:100, II:141t
Coagulopathy, I:23t, II:415–416
Coarctation of aorta, II:369, II:394
Coarse hair, I:316
Cocaine, I:82t, I:425, I:573
Codeine, II:50
Cognitive function, II:13
Colectomy, I:320–321, I:335
Collecting duct, I:521
Colloid  solutions, I:28
Combined  spinal-epidural (CSE), II:290
Combitube, I:197
Compartment syndrome, II:478
Complex regional pain syndrome (CRPS), I:595–596, 

II:76t, II:96t, II:556, II:563, II:575
Complex regional pain syndrome type II (CRPS II), 

II:551
Compliance curve, I:240
Comprehensive metabolic panel (CMP), II:480
Compressed  spectral array (CSA), I:277
Conduction, I:3
Conduction anesthesia contraindications, II:230
Congenital card iac lesion, II:114t
Congenital d iaphragmatic hernia (CDH), II:316
Congestive heart failure, I:118, I:325, I:455, I:499, 

II:359–360, II:515
Constipation, II:45
Continuous cervical paravertebral blocks, I:600
Continuous interscalene block, II:71
Continuous positive airway pressure (CPAP), II:102
Contractures, I:301
Convection, I:3
COPD. See Chronic obstructive pulmonary d isease
Cord compression, II:62t
Core temperature, I:125t, I:126t
Corneal abrasion, I:529
Coronary artery d isease, I:305, I:307, II:10, II:18, 

II:30, II:96
Coronary blood   ow, I:95, I:116, I:136, II:109
Coronary circulation, I:109
Coronary perfusion pressure, I:96
Coronary steal, I:462
Corrected  QT interval (QTc), I:10t
Corticosteroids, I:463
Cough, I:87t, II:92t, II:337

COX. See Cyclooxygenase
COX inhibitors, II:93t, II:130t, II:585, II:588
COX-2 inhibitors, II:93t, II:128t
CPAP. See Continuous positive airway pressure
CPB. See Card iopulmonary bypass
CPP. See Cerebral perfusion pressure
CPR, II:508–513
Cranial nerves, I:250
Craniotomy, I:451, II:193, II:199
Cranium, I:275
Crawford  classi cation, I:91, II:148
Creatinine clearance, I:303
Creutzfeld t–Jakob d isease, I:299
Cricoid  cartilage, II:536
Cricothyroid  membrane, I:104t
Crohn d isease, I:577
CRPS. See Complex regional pain syndrome
CRPS II. See Complex regional pain syndrome type II
Cryoprecipitate, I:89, I:331, II:475
CSA. See Compressed  spectral array
CSE. See Combined  spinal-epidural
CSF. See Cerebrospinal  u id
Cuff pressures, II:192
Cuffed  endotracheal tube, I:548
Cutaneous innervation, II:78
Cyanosis, I:93t, I:114, I:139t
Cyclooxygenase (COX), II:46, II:584
Cytochrome P450, I:497, I:508
Cytomegalovirus, I:299

D
Dalton’s law, I:73t
Dantrolene, II:23
DBS. See Double-burst stimulation
DCD. See Organ donation after card iac death
DDAVP. See Desmopressin
Dead space, I:184, II:294, II:331
Deep vein thrombosis, I:366
Dehydration, I:118t, I:132t
Delirium, I:507, II:144t
Delirium tremens, II:143t
Delta wave, I:251
Dementia, II:145t
Dendrites, I:269
Depression, I:32t, I:318, II:2, II:17, II:244–245
Desaturation, II:397
Des urane, I:14, I:22t, I:48t, I:49, I:381, I:385, I:481, 

I:531, I:532, II:16t
Desmopressin (DDAVP), I:89, I:443
Detached  retina, II:433
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Dexamethasone, I:409, II:201, II:480
Dexmedetomidine, II:43t
Dextrose, II:41t
DI. See Diabetes insipidus
Diabetes insipidus (DI), I:351, II:516
Diabetes mellitus, I:3t, I:25t, I:52t, I:130, I:313, 

I:320–321, I:323, I:330, II:10, II:18, II:30, II:53, II:104t–
106t, II:150, II:410, II:441

Dialysis, I:291, II:49
Dialysis d isequilibrium syndrome, II:32
Diameter index safety system (DISS), I:64
Diaphragm, I:185, I:216
Diaphragmatic hernia, II:158
Diarrhea, I:6t, I:325
Diazepam, I:424, I:486, I:557, II:34, II:42, II:48
DIC. See Disseminated  intravascular coagulation
Diethyl ether, I:11, I:528
Dif cult airway, I:101t–102t, II:129, II:264
Diffuse lobar in ltrates, II:482
Diffusion barrier, I:173
Diffusion hypoxia, I:232
Digoxin, I:455
Dipyridamole, I:79
Discharge home, II:432
Disconjugate gaze, I:538
DISS. See Diameter index safety system
Disseminated  intravascular coagulation (DIC), 

I:333, II:141t
Dissociative anesthesia, I:470
Diuretics, I:83t
Diverticulitis, I:320–321, I:335
DLCO. See Carbon monoxide d iffusion capacity
Dobutamine, I:514, II:4, II:412, II:503
Dofetilide, I:407
Dopamine, I:140t, I:267, I:434, II:490
Dopamine, glycine, serotonin, γ-aminobutyric acid  

(GABA), I:267
Dopamine D1 receptor agonist, II:35
Doppler effect, I:22
Doppler ultrasonic transducer, II:210
Dorsal columns, I:247
Dorsal horn, II:533
Dorsal penile block, II:322
Dorsal root ganglion, I:278
Dorsalis ped is artery, I:26t
Dose-response relationship, I:63t–64t, I:382–383
Double-burst stimulation (DBS), I:397
Double-lumen tube, I:154, II:27t, II:28t, II:102, 

II:124–127, II:129t
Down syndrome, II:163, II:216, II:344, II:386

Doxorubicin, II:26
Dreaming, I:507
Droperidol, I:550, II:38
Drug absorption, I:564
Drug abuse, I:95t
Drug antagonism, I:473
Drug bioavailability, I:7t
Drug clearance, I:436
Drug elimination, I:367
Drug loading dose, I:453
Drug metabolism reactions, I:373
Drug overdose, I:496
Drug response, I:445
Drug transformation, I:4t
Drying effect, II:101
Duchenne muscular dystrophy, I:342
Ductus arteriosus, I:108, I:114, II:326
Dura mater, II:193
Dwar sm, I:302
Dysphagia, II:372–373
Dyspnea, I:61t, I:147t, I:151, I:570, II:504–505
Dysrhythmias, I:8t, I:170, I:263

E
Ear tubes, II:344
Eaton-Lambert syndrome, I:484. See also Myasthenic 

syndrome
EBP. See Epidural blood  patch
ECG. See electrocard iography
Echocard iography, I:96t, II:26, II:479, II:498
Echothiophate iod ide, I:474
Eclampsia, II:78t, II:283
ECT. See Electroconvulsive therapy
Edrophonium, I:431
EEG. See Electroencephalogram
Eisenmenger syndrome, I:144
Elderly patient, I:45t, II:438, II:445
Electrocard iography, I:66, I:99, I:139, I:588, II:96, II:463
Electrocautery, I:18, II:105
Electroconvulsive therapy (ECT), II:187, II:244–245
Electroencephalogram (EEG), I:251, I:263, I:273, I:277
Electrolyte abnormalities, I:292, II:364, II:409
Electrolytes, I:416
Emergence sequelae, I:507
Emergency airway access, I:104t
Emergency backup power, I:25
Emergency ventilation, I:228
Emphysema, I:171
En-bloc double-lung transplant, II:146
Endobronchial intubation, I:154
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Endoscopic sphincterotomy, II:406–407
Endothelin-A receptor (ETA), I:516
Endotracheal anesthesia, II:402–403
Endotracheal intubation, I:19t, I:220, II:178, II:499
Endotracheal tube, I:146t, I:164, I:283, II:327, 

II:335, II:355
End-stage renal d isease, I:65t
End-tidal carbon d ioxide, I:47, I:207, II:511
End-tidal nitrogen, II:80t
Epidural absorption rate, I:583
Epidural analgesia, I:576–577, I:590, I:594, II:47t, II:259, 

II:272, II:302
Epidural blood  patch (EBP), II:238, II:285
Epidural catheter, II:65
Epidural hematoma, I:576, I:590, II:526
Epidural infusion, II:237
Epidural space, I:564
Epidural steroid  injections, II:46t, II:558
Epiglottitis, II:372
Epinephrine, I:95t, I:419, I:430, I:458, I:569, I:577, 

II:139t, II:147t, II:302
ERV. See Expiratory reserve volume
Erythrocyte esterase, II:6
Erythropoietin, I:135
Esmolol, I:5t, II:6, II:18t
Esophageal carcinoma, I:298
Esophageal electrodes, II:99
Esophageal stethoscope, II:80t
Esophageal temperature probe, II:428
Esophageal-tracheal airway, I:197
Esophagectomy, II:119
Esophagoscopy, II:123
Estrogen, II:30t
ESWL. See Extracorporeal shock wave 

lithotripsy
ETA. See Endothelin-A receptor
Ethacrynic acid , I:77
Ethanol, I:296, II:27, II:94t
Etomidate, I:118t, I:379, II:5
Euphoria, II:45
Euvolemia, I:324
Evaporation, I:3
Evoked twitch response, I:32t–33t
Ex utero intrapartum therapy (EXIT), II:300
Exenatide, II:60
EXIT. See Ex utero intrapartum therapy
Expiratory reserve volume (ERV), I:230, II:495
Extracorporeal shock wave lithotripsy (ESWL), I:312, 

II:417–418
Extubation, I:167

F
Facial nerve, I:250
Facial pain, II:22t
Factor V Leiden, I:340
Fail-safe valve, I:74
Failure to thrive, II:359–360
Fasting, I:118t
Fasting blood  sugar, I:25t
Fat embolism, I:101, I:117t
Femoral and  popliteal sciatic block, II:82
Femoral nerve, II:66
Femoral nerve block, I:578, I:587, II:83
Fenoldopam, II:35
Fentanyl, I:94, I:300, I:308, I:479, I:486, I:505, I:509, 

II:20, II:133, II:359, II:430
Fetal blood  capillary pH testing, II:282
Fetal circulation, II:362
Fetal concentration, II:288
Fetal hemoglobin, II:136t
Fetal monitoring, II:74t, II:297
FEV1, I:122t, I:162, I:226
Fever, I:132t, II:53t–55t, II:372–373
Fexofenad ine, I:405
FHR. See Fetal heart rate
Fiberoptic bronchoscopy, I:71, II:101
Fiberoptic oximeter probe, I:47
Fibromyalgia, II:547
Fibrosis, I:229
First trimester of pregnancy, I:557
First-pass effect, I:390, I:427
Fisher Grading Scale, II:487
Flail chest, I:175
Flecainide, I:394
Flowmeter, I:54
Flow-volume loop, I:204–205, II:68t
Fluid  management, I:358, II:12, II:339, II:352, II:502
Flumazenil, I:402
Fluoxetine, I:318, II:2
Follicle-stimulating hormone, I:255
Fondaparinux, I:366
Forced  exhaled  vital capacity (FVC), I:217
Foreign body, II:39t, II:328, II:380
Fospropofol, I:515
Fowler position, I:55
Frank-Starling curve, I:513–514
Fresh frozen plasma transfusions, I:41t
Functional residual capacity (FRC), I:56t, I:89t, I:150, 

I:161, I:164, I:169, I:206, I:214–215, II:368, II:404
Furosemide, I:306, I:514, I:523, II:48t
FVC. See Forced  exhaled  vital capacity
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G
GABA. See γ-Aminobutyric acid
Gabapentin, II:19, II:595
“Gag re ex,” I:597
γ-Aminobutyric acid  (GABA), I:267
Gas gangrene, I:485
Gas pressure and  volume (Boyle’s law), I:15
Gas pressure regulator, I:54
Gastric emptying, I:8t, I:386
Gastroduodenal u lcers, I:486
Gastroesophageal re ux, I:550, II:389
Gastrointestinal smooth muscle, I:438
Gastroschisis, II:352
Gastrostomy tube revision, II:381
Gate control theory, II:583
GCS. See Glasgow Coma Scale
General anesthesia, I:31t, I:134t, I:193, I:227, I:286, 

I:348, I:509, I:524–558, II:10t, II:38t, II:231, II:355
Genitofemoral nerve, II:66
Gentamicin, I:384
Georgia valve, I:39
Gilbert syndrome, I:354
Glasgow Coma Scale (GCS), I:256, II:471
Glaucoma, I:51t, I:384, II:83t
Glomerular  ltration rate, II:352
Glossopharyngeal nerve, I:250, I:597
Glossoptosis, II:310
Glucagon, I:438
Glucagon-like peptide-1 receptor agonist, I:3t
Glucocorticoids, I:335, I:457–458, 

II:12, II:573
Gluconeogenesis, I:311
Glucose intolerance, I:102t
Glucose metabolism, I:311
Glucuronides, I:380, I:497
Gluteal sciatic block, II:80
Glyburide, I:52t
Glycine, I:267
Glycine toxicity, II:413
Glycogen storage, I:311
Glycogenolysis, I:311
Glycopyrrolate, I:421, II:101, II:132
Goiter, I:355
Gout, I:339
Graft reperfusion, II:408
Granisetron, I:467
Graves d isease, I:353, II:119t, II:406–407
Gravity, I:189
Ground fault interrupter, I:21
Growth hormone, I:255

H
Half-life of drug, I:441
Halo brace, II:110t
Halogenated  volatile anesthetics, I:503
Haloperidol, II:37t, II:51
Halothane, I:73, I:381, I:532
Harrington rod  instrumentation, II:195–197
Hay fever, I:405
HBO chamber. See Hyperbaric oxygen chamber
HCG. See Human chorionic gonadotropin
Head compressions, II:271
Head injury, II:185
Headaches, II:42t, II:571, II:581
Head-down position, I:56t
Heart d isease, I:78t
Heart failure, I:223
Heart murmur, I:147t
Heart rate, I:76t, I:139t, I:261, I:370, I:577, II:69t, 

II:117t–118t, II:133, II:142, II:270–271
Heart transplantation, I:66t, I:138, I:150t
Heat loss, operating room, I:3
Helium, I:10–12
Hematocrit, II:15t, II:265
Hemiazygos veins, II:131
Hemid iaphragmatic paresis, I:143t
Hemodynamic monitoring, II:80t, II:474
Hemoglobin, I:82
Hemoglobin level, II:340
Hemoglobin saturation, I:111t
Hemoglobinuria, I:92t
Hemolytic transfusion reaction, I:92t, I:332
Hemophilia B (Christmas d isease), I:23t
Hemoptysis, II:374
Henderson–Hasselbalch equation, I:450
Heparin, I:91t, I:399, I:418, II:22
Heparin-induced  thrombocytopenia (HIT), I:18t, I:80, 

I:366, I:495, II:10, II:159, II:473
Hepatic artery, I:346
Hepatic circulation, I:346
Hepatic failure, I:327
Hepatic gluconeogenesis, I:438
Hepatic portal vein, I:346
Hepatitis A, I:299
Hepatitis C, I:304, I:327
Hepatocellu lar injury, I:505
Hepatorenal syndrome, I:357, II:518
Hepatosplenomegaly, I:302
Hering–Breuer re ex, I:29t
Hernia, I:81, II:341
Herniation, II:348
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Heroin, I:386, I:494, II:20, II:276
Herpetic whitlow, I:365
Hetastarch, I:429, II:3t
HFJV. See High frequency jet ventilation
High frequency jet ventilation (HFJV), I:163
High oxygen extraction ratio, I:356
High-density lipoprotein cholesterol, I:25t
Hip prosthesis implantation, I:297
Histamine, I:35t, I:371
Histamine H 2 antagonists, I:510
HIT. See Heparin-induced  thrombocytopenia
Hoarseness, II:122
Horizontal supine position, I:55
Hormones, I:255, I:329
HPV. See Hypoxic pulmonary vasoconstriction
HSV-2 infection, II:295
Human chorionic gonadotropin (hCG), II:249
Humidi ed  oxygen, II:385
Humidity, I:24
Hurler syndrome, I:302
Hyaline membrane d isease, II:350
Hydralazine, I:444
Hydration, II:373
Hydrochlorothiazide, I:77
Hydrocortisone, I:348, I:457, II:12
Hydromorphone, I:94, II:50
Hydroxyethyl starch, II:494
Hyperaldosteronism, I:61t, I:352
Hyperbaric oxygen chamber (HBO chamber), II:126t
Hyperbaric solution, I:565
Hypercalcemia, I:361
Hypercarbia, I:82, I:106t, I:119, I:122, I:184, I:209, I:222, 

II:330, II:525
Hypercholesterolemia, II:115
Hypercoagulable state, I:340
Hyperdynamic septic shock, II:523
Hyperemesis, II:266
Hyperglycemia, I:350
Hyperin ation, I:171
Hyperkalemia, I:6t, I:21t, I:77, I:291, I:341, II:477
Hyperosmolar coma, I:322
Hyperparathyroid ism, I:328, I:361
Hyperreactivity, I:122t
Hypertension, I:71t, I:97t, I:102t, I:107, I:108t–109t, 

I:125, I:150t, I:319, I:321, I:352, I:360, I:403, I:432, 
II:10, II:18, II:31, II:35, II:115, II:419–420, 
II:444, II:447

Hyperthermia, I:106t, I:271, I:511, II:252, II:330
Hyperthyroid ism, I:30t, I:133t, I:353, I:461
Hypertonic saline, II:200

Hypertrophic obstructive card iomyopathy, I:145
Hyperventilation, I:109, I:169–170, I:210, I:282, I:451, 

II:180, II:184
Hypervolemia, I:291
Hypoalbuminemia, II:20t
Hypobaric solution, I:565
Hypocalcemia, I:290, I:328
Hypoglycemia, I:320–321, II:395
Hypokalemia, I:292, I:352, I:416
Hypomagnesemia, I:459
Hyponatremia, I:6t, I:263
Hypoperfusion, I:234
Hypotension, I:6t, I:8t, I:119, I:146t, I:149t, I:297, I:348, 

I:371, I:571, I:574, II:11, II:24, II:29, II:89t, II:94, 
II:135–136, II:139, II:241, II:281, II:287, II:354, II:421, 
II:450–451

Hypothermia, II:206, II:311, II:343, II:513
Hypothyroid ism, II:343, II:448
Hypotonic cerebral palsy, II:381
Hypoventilation, I:169, I:190, I:234, II:343, II:496
Hypovolemia, I:76t, I:100t, I:339, I:363, I:502, II:112, 

II:517, II:519
Hypoxemia, I:27t, I:92, I:117t, I:119, I:122, I:132t, I:139t, 

I:168–169, I:173, I:194, I:231, I:234, I:338, II:24, II:26t, 
II:53t–55t, II:102, II:139, II:496

Hypoxic pulmonary vasoconstriction (HPV), I:20t, 
I:92, I:208, II:153

Hypoxic ventilatory drive, I:17t

I
IABP. See Intraaortic balloon pump
IASP. See International Association for the Study of 

Pain
Ibuprofen, II:435
ICD. See Card iac rhythm-management device
ICP. See Intracranial pressure
I:E ratio, I:50
Iliohypogastric nerve, II:66
Ilioinguinal nerve, II:66
Immunosuppression, I:347
Inamrinone, I:518
Incisional hemorrhage, II:405
Induced  hypothermia, II:206
Induced  labor, II:235
Induction of general anesthesia, II:188
Inert gas d ilution technique, I:206
Infants, I:29t, II:81t
Infection, I:97t, I:118t, II:156, II:384–385
Inferior colliculus, I:247
In ammation, II:75, II:541
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In ammatory bowel d isease, I:345
Informed  consent, I:581, I:584, I:590, II:83, II:235
Infraclavicular block, II:68, II:79t, II:92
Infrared  spectrometry, I:73
Infusion rate, I:554
Inguinal hernia repair, II:355
Inhalation induction, II:354
Inhalation injury, II:131t
Inhalational anesthesia, I:58t, I:456, I:470, I:481
Inhaled  gas, I:219
Inhibitory substances, II:591
Injectable benzod iazepines, I:439
Innominate artery, II:121, II:155
Inotrope, I:106
Inspiratory airway resistance, I:221
Inspiratory reserve volume, I:230, II:294
Inspiratory stridor, II:353
Inspiratory volume, I:205
Inspired  concentration, I:543
Insuf ation with carbon d ioxide, II:392
Insulin pump, I:323
Intercostal absorption rate, I:583
Intercostal blocks, II:598
Internal branch of the superior laryngeal nerve, I:598
International Association for the Study of 

Pain (IASP), II:70t
International Headache Society, II:70t
Interscalene block, I:55t, I:143t, II:76, II:87
Intraaortic balloon pump (IABP), 

II:95, II:109, II:141
Intraarterial injection, I:555
Intracard iac shunts, I:234
Intracerebral blood   ow, II:176
Intracranial pressure (ICP), I:72t, I:209, I:237, 

I:239–243, I:259, I:263, I:270–271, I:275, I:288,
I:451, II:121t, II:178, II:188, II:193, II:200, 
II:211–213, II:383

Intracranial tissue content, I:288
Intralipid , I:114t
Intramedullary pressure, II:425
Intramuscular injection, I:477
Intraneural injection, I:579
Intraneural need le placement, I:585
Intraocular pressure, II:83t
Intraoperative arterial oxygenation, II:23t
Intraoperative awareness, I:9t, I:537
Intraoperative  u id  replacement, I:554
Intraoperative hepatocellular injury, I:505
Intraoperative hypothermia, II:311
Intrapleural catheters, II:545

Intrathecal drug-delivery, II:577
Intravenous bolus, I:128t-129t
Intravenous drug, I:452
Intubation, I:20, I:46t, I:49t, I:392, I:396, I:464, II:138, 

II:345, II:373, II:401
In vitro fertilization (IVF), II:249
Involuntary muscle movements, I:115t
Ionization, I:465
Ipsilateral d iaphragm paralysis, II:87
Irrigating  uids, I:105t
Ischemia, II:96
Ischemic colitis, II:411
Ischemic heart d isease, I:417
Isobaric bupivacaine, I:591
Isobaric solution, I:565
Iso urane, I:35, I:44, I:57t, I:73, I:88t, I:141t, I:381, 

I:420, I:503, I:509, I:532, I:535, I:541, I:542, I:547, II:3, 
II:449

Isolated  power supply system, I:70, I:112t–113t
Isolation monitor alarm, I:7
Isopropanol, II:42
IV regional block (Bier block), I:593
IVF. See Vitro fertilization

J
Jackson–Rees system, I:39
Jehovah’s Witness, I:429, II:431
Joint pain, I:325

K
K+, II:414
Kaposi’s sarcoma, I:343
Ketamine, I:14t, I:99t, I:141t, I:239, I:370, I:391, 

I:507, II:359, II:587
Ketorolac, I:501
Kidney injury, I:307
Kidney transplant, I:347, II:104t–106t
Kidneys, I:500

L
Labetalol, I:401
Labor, II:275
Labor epidural analgesia, I:563, I:582, I:599
Labor pain, II:113t
Lacrimation, I:498
Laminar  ow, I:10
Lamotrigine, I:504
Landmark technique, II:71, II:161
LaPlace law, I:159
Laryngeal edema, II:370
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Laryngeal mask airway, I:47, I:67
Laryngeal nerve injury, II:152, II:446
Laryngectomy, I:548
Laryngoscopy, I:193
Laryngospasm, I:167, II:152
Laryngotracheobronchitis, II:384
Larynx, II:120
LAST. See Local Anesthetic Systemic Toxicity
Late expiratory  ow, I:137t
Latent error, II:452
Lateral decubitus position, II:157
Lateral femoral cutaneous nerve palsy, II:291
Lateral ventricle, I:67t
Lavage, II:126
Leakage current, I:7
LeFort I fracture of the maxilla, I:549
Left dominant pattern of blood  supply, II:95t
Left femoral nerve block, I:585
Left sided  double-lumen tube, II:27t, II:28t, 

II:129t
Left ventricular assist device (LVAD), II:160
Left ventricular end-d iastolic pressure (LVEDP), I:103, 

I:104
Lepirudin, I:414
“Let-go” current, I:9
Levodopa, II:65t, II:441
Levo oxacin, II:54t
Lidocaine, I:422, I:437, I:449, I:471, I:566, 

I:567, I:593
Lighting, I:540
Limb protection, I:560
Limb-threatening ischemia, I:555
Line isolation monitor, I:4, I:112t–113t
Lipid  emulsion, I:589
Lipid  emulsion therapy, I:572
Lipid  solubility, I:530
Lipolysis, I:438
Lisinopril, I:403
Lithium, II:15
Lithotomy position, I:55, I:69
Lithotriptor, II:418
Liver, I:4t, I:311, I:346, I:422
Liver cirrhosis, I:5t
Liver transplant, I:327, II:399, II:408–409, II:440
LMWH. See Low-molecular-weight heparins
Loading dose of d rug, I:453
Local anesthetic absorption rate, I:583
Local Anesthetic Systemic Toxicity (LAST), I:449
Loop of Henle, I:523
Lorazepam, II:13

Losartan, I:512, I:514
Low outlet forceps delivery, II:57t
Low-molecular-weight heparins (LMWH), I:495
Lumbar drain, II:117
Lumbar epidural block, I:567
Lumbar epidural hematoma., I:567
Lumbar facet joints, II:537
Lumbar plexus block, I:588, II:66, II:80
Lumbar puncture, I:561
Lumbar sympathetic blockade, II:542
Lumbar vertebra, I:279
Lung, I:2t, I:136t, I:186–189, II:126, II:144
Lung, hyperin ation, II:348
Lung, ventilation d istribution, I:165
Lung compliance, I:171, II:294
Lung sounds, II:337
Lung transplantation, II:146
Lupus anticoagulant, II:243
Luteinizing hormone, I:255
LVAD. See Left ventricular assist device
LVEDP. See Left ventricular end-d iastolic pressure
Lymphatic insuf ciency, I:212
Lymphoma, II:457

M
MAC. See Minimum alveolar concentration
MAC-awake, I:545
Macintosh laryngoscope, I:47, I:60
Macroglossia, I:302
Magnesium sulfate, II:235, II:246, II:250–251
Magnetic resonance imaging (MRI), I:47, II:204
Malignant hyperthermia (MH), II:252, II:330
Mannitol, I:131t, II:21t, II:32, II:182
MAO inhibitor. See Monoamine oxidase inhibitor
MAP. See Mean arterial pressure
Mapleson D system, I:19, I:39, II:365
Marfan syndrome, II:11t, II:52t, II:138
Mask ventilation risk, I:198
Mass spectrometry, II:205
Maternal concentration, II:288
Maternal to fetal d rug transfer, II:258
McGill Pain Questionnaire, II:599
Mean arterial pressure (MAP), I:26, I:27, I:110, 

I:259, II:499
Mechanical dead  space, I:20
Mechanical ventilation, I:152, I:164, I:221, II:8t
Meconium, II:122t, II:351
Mediastinal veins, II:131
Mediastinoscopy, II:106–107, II:121
Mediastinum, II:457
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Medullary chemoreceptors, I:218
Memantine, II:587
Meningioma, II:211–213
Meningitis, II:529
Meperid ine, I:94, I:415, II:50
Mepivacaine, I:449, I:450
Meta-analysis, I:8
Metabolic acidosis, I:291, I:496, II:484
Metabolic alkalosis, I:293, I:352
Metabolic syndrome, I:25t
Metformin, I:306, II:62
Methadone, I:433, II:50, II:544, II:586
Methanol, II:27
Methemoglobin, I:111t, I:592
Methicillin-resistant Staphylococcus aureus (MRSA), 

I:491
Methimazole, I:133t, II:119t
Methohexital, I:115t, I:389, I:555
Methyldopa, II:109t
Methylergonovine, II:36, II:309
Methylmethacrylate (MMA), I:488
Methylparaben, I:471
Methylxanthines, I:426
Metoclopramide, I:74t, I:428, I:550
Metoprolol, I:109t, I:355, II:46, II:47, II:136
Meyer-Overton rule, I:530
MH. See Malignant hyperthermia
Micrognathia, II:310
Midazolam, I:424, I:466, I:556, II:328, II:402–403
Middle cerebral artery infarction, II:528
Mid-esophageal aortic valve long axis, II:166
Mid-esophageal aortic valve short axis, II:174
Mid-esophageal ascending aortic long axis, II:150t
Mid-esophageal bicaval, II:171
Mid-esophageal four chamber, II:170
Mid-esophageal long axis, II:169
Mid-esophageal right ventricular in ow-out ow, 

II:165
Mid-esophageal two chamber, II:172
Migraine, II:19
Milrinone, I:135t, I:376, II:14
Mineralocorticoid  effect, I:463
Minimum alveolar concentration (MAC), I:88t, I:525, 

I:541, I:545, II:278, II:357, II:449
Minute ventilation, I:543
Miosis, II:39
Misoprostol, II:308
Mitral regurgitation, II:138t
Mitral stenosis (MS), II:118, II:263
Mitral valve, I:36t

Mivacurium, I:396
MMA. See Methylmethacrylate
Moderate sedation, I:552
Molar pregnancy, II:267
Molecular weight, I:531
Monoamine oxidase inhibitor (MAO inhibitor), 

I:415, II:33
Morbid  obesity, I:49t, I:107, I:309, II:124t
Morbid ity, I:10t, II:277
Morphine, I:94, I:468, I:494, I:497, I:498, I:501, II:105t, 

II:208, II:426, II:600
Mortality, I:10t, II:236, II:277
Morton, William Thomas Green, I:528
Motor cortex stimulation, II:557
Motor evoked  potentials, I:274, II:195–197
Motor function, II:13
Motor tract blood  supply, I:38t
MRI. See Magnetic resonance imaging
MRSA. See Methicillin-resistant Staphylococcus aureus
MS. See Mitral stenosis
Multiple sclerosis (MS), II:242
Muscarinic M1, II:54
Muscarinic M2, II:55
Muscarinic M3, II:56
Muscle relaxants, I:33t, I:164, I:236, I:392, I:435, I:537, 

II:15, II:303, II:363
Muscular dystrophy, I:342
Musculocutaneous nerve, II:68, II:69
Musculocutaneous nerve block, II:92
Myasthenia gravis, I:119t, I:400, II:4t–5t, II:246
Myasthenic syndrome (Eaton-Lambert syndrome), 

II:223
Mydriasis, II:39
Myelomeningocele, II:338, II:357
Myocard ial blood   ow, II:508
Myocard ial contractility, I:142
Myocard ial hypertrophy, I:61t
Myocard ial infarction, I:108t–109t, I:139, I:146t
Myocard ial ischemia, II:115t, II:116, II:141
Myocard ial oxygenation, I:95, I:108t
Myofascial pain, II:593
Myoneural junction, I:1t
Myotonic dystrophy, I:286, I:479
Myringotomy, II:344
Myxedema, I:316–317

N
Na+, II:420
Naloxone, I:375, I:476, II:497
Nasal d ischarge, II:92t
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Nasotracheal intubation, I:549
National Fire Protection Association, I:25
Natural childbirth, II:279–280
Nausea, I:122t, I:539, I:574, II:40
Neck circumference, I:309, II:401
Needle, contaminated , I:299
Needle location, I:563
Negative-pressure leak test, I:45
Neonates, II:88t, II:334, II:338, II:349
Neostigmine, I:398, I:435, 

II:364, II:436
Nephrectomy, I:310
Nephrolithiasis, I:312
Nerve blocks, I:49t
Nerve gas, II:43
Nerve injury, I:579, II:275, II:291
Nerve root impingement, II:135t
Nerve stimulation, I:475, I:585
Nesiritide, II:24
Neuraxial anesthesia, II:118
Neurogenic pulmonary edema, II:215
Neurogenic shock, II:524
Neuroleptic state, I:480
Neurologic injury, I:117t, I:560, I:584, I:587
Neurolytic block, II:102t, II:569, II:576, II:597
Neuromuscular blockade, I:28t, I:384, I:397, I:400, 

I:435, I:474–I:476, I:486, II:103, II:436
Neuromuscular transmission, II:9
Neuron, I:269
Neurosurgery, II:89t, II:182, II:201
Neurotransmitters, I:267, II:33
New York Heart Association functional class 

III, I:12t
Newborn infant, II:127t, II:312
Nicard ipine, I:513, II:29
Nicotine withdrawal, II:8
Nifed ipine, I:417, II:25
Nipple line, I:144t
NIPPV. See Noninvasive positive pressure ventilation
Nitric oxide, I:119, I:132
Nitrogen, I:10, I:12
Nitrogen washout curve, I:13t
Nitroglycerin, I:109t, II:104, II:135, II:280
Nitroprusside, II:447
Nitrous oxide, I:10–13, I:50, I:53t, I:56, I:61, 

I:73, I:420, I:487, I:505, I:509, I:547, I:553, 
II:60t, II:183, II:202

NMDA antagonist, II:541, II:543
Nociceptive signals, II:553, II:591, II:594
Nociceptor, II:592

Non-depolarizing neuromuscular blockade, 
I:28t, I:400, I:478

Non-Hodgkin’s lymphoma, I:295
Noninvasive positive pressure ventilation (NIPPV), 

II:497
Nonparticulate antacid  administration, I:446
Nonshivering thermogenesis, II:347
Non-stress test (NST), II:228
Norepinephrine, I:82t, I:140t, II:11, II:141, II:490
Normovolemic hemodilution, II:390
Novocaine, I:578
NST. See Non-stress test
Nucleus pulposus, II:75
Nutrient supply, I:252
Nutrition, parenteral, I:298
Nystagmus, I:14t

O
Obesity, I:13t, I:49t, I:107, I:309, I:466, II:124t
Obstetrical anesthetic management, II:299
Obstetrical hysterectomy, II:290
Obstructive lung d isease, I:524, II:563
Obstructive shock, II:521
Obstructive sleep apnea, I:338, II:140t, II:435
Occipital neuralgia, II:589
OCR. See Oculocard iac re ex
OCT. See Oxytocin contraction test
Octreotide, I:336
Ocular akinesia, I:547
Ocular effects, I:547
Oculocard iac re ex (OCR), I:254, II:2t
Oculomotor nerve, I:250
Ohm, I:34
Olanzapine, II:37t
Oliguria, II:476
Omeprazole, I:50t, I:508
Omphalocele, II:356
Oncotic pressure, I:212
Ondansetron, I:4, I:489, I:550
One-lung ventilation, I:157, II:129, II:156
Open globe injury, II:429–430
Open waste-gas scavenging system, I:37
Opioid  agonist–antagonist, I:447
Opioid  agonists, I:460
Opioid  antagonism, I:375, I:476
Opioid  receptors, I:253, II:45
Opioid  withdrawal, I:506
Opioids, II:14t, II:39, II:50, II:90, II:534, II:552, 

II:568, II:578
Optic neuropathy, I:42t
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Organ donation after card iac death (DCD), 
II:460

Oropharyngeal suctioning, II:253
Osmolality, I:19, I:29
Osteoporosis, I:8t
Ovarian cysts, II:266
Overdose, I:300
Overrid ing aorta, I:93t
Oxcarbazepine, II:561
Oxycodone, II:50, II:53
Oxygen, I:10–11, I:15, I:82, I:95, I:114t, 

I:157, I:196
Oxygen, humidi ed , II:385
Oxygen concentration, I:1, II:422
Oxygen consumption, II:69t, II:358
Oxygen delivery, II:464
Oxygen equipment, I:50, I:58–59, I:63, I:540
Oxygen reserves of brain, I:258
Oxygen saturation, I:176, I:546, I:592, II:108t, II:125t, 

II:194, II:321, II:327, II:450–451
Oxygen tension, I:176
Oxygen transport, I:173
Oxygenation, II:23t
Oxyhemoglobin d issociation curve, I:176, 

I:181, I:222
Oxytocin, I:255, II:246, II:279
Oxytocin contraction test (OCT), II:261

P
Pacemaker, II:108. See also Card iac rhythm-

management device
Packed  red  cells, I:121t
Paco2, I:172, I:282, II:9t
Pain, I:433, II:31, II:570
Palpation, II:388
Pancreatic cyst, II:398
Pancuronium, I:46t, I:435, I:464, II:42
Pao2, II:25t
Paralysis, II:37, II:122
Paraplegia, II:111, II:287
Parapneumonic effusion, II:112t
Parasympathetic efferent  bers, I:250
Parathyroidectomy, I:328
Paravertebral block, II:145
Parenteral nutrition, I:298, I:345
Parietal cortex, I:278
Parietal pleura, I:233
Parkinson d isease, I:248, II:33, II:65t, II:441
Paroxysmal hemicrania, II:581
Partition coef cient, I:23

Parturient, II:264
Patellar twitch, I:585
Patent foramen ovale, II:227
Patient positioning, I:55, I:65, I:69
Patient-controlled  analgesia (PCA), II:293, 

II:426, II:596
Patient-ventilator dyssynchrony, II:500
PCA. See Patient-controlled  analgesia
PCC. See Perioperative card iac complications
Pco2, arterial, I:166
PDE3. See Phosphodiesterase-3
PDE5. See Phosphodiesterase-5
PDPH. See Post-dural puncture headache
Peak inspiratory  ow, II:461
Pediatric patient, I:44t, II:323–324
PEEP. See Positive end-expiratory pressure
Pelvic pain, II:546
Penicillin G, I:485
Peptic u lcer d isease, I:50t
Percutaneous drainage, II:470
Percutaneous nephrostomy tube placement, 

II:502–503
Perfusion pressure, II:95
Pericard ial effusion, I:301
Pericard ial tamponade, I:149t, II:160
Pericard iocentesis, II:504
Pericard itis, I:149
Perioperative card iac complications (PCC), I:313
Perioperative management, I:328–329, I:336, 

I:339, I:386
Peripheral chemoreceptors, I:17t
Peripheral edema, I:61t
Peripheral nerve block, II:72–74, II:84–85
Peripheral neuropathy, I:295, I:469, II:53
Peripheral vascular d isease, II:53, II:150
Peripheral vasodilation, II:14
PFTs. See Pulmonary function tests
pH, I:11t, I:465
Phenobarbital, I:423, II:42
Phenol, II:569
Phenoxybenzamine, II:424
Phenylephrine, I:114t, I:574, II:116t
Phenytoin, I:423, I:504
Pheochromocytoma, I:83t, I:125, I:319, I:360, 

II:296, II:393
PHN. See Post herpetic neuralgia; Postherpetic 

neuralgia
Phosphodiesterase, I:376
Phosphodiesterase-3 (PDE3), I:518
Phosphodiesterase-5 (PDE5), I:519
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Phosphorus, II:478
Phrenic nerve, I:260, II:87
Physostigmine, I:402, II:1
Pia mater, II:67
Pierre-Robin Syndrome, II:310, II:376
Pin index safety system (PISS), I:62t, I:64
PISS. See Pin index safety system
Pituitary gland , I:255, I:443
Placenta accreta, II:289
Placental abruption, II:307
Placental physiology, II:239
Placental transfer, II:303
Plasma cholinesterase, II:298
Plasma oncotic pressure, I:112
Platelet count, I:102
Platelet glycoprotein IIb/ IIIa receptor, I:86t
Platelets, II:154
Pleural pressure, I:89t, I:158
Pneumocephalus, II:183
Pneumoconiosis, I:229
Pneumonectomy, I:171
Pneumonia, II:25t–29t, II:459, II:470
Pneumoperitoneum, II:422
Pneumothorax, I:142t, I:148t, I:171, I:233, I:580, 

II:74, II:158
Poiseuille’s law, I:10
Polycystic ovarian syndrome, I:25t
Polycythemia vera (PV), I:359
PONV. See Postoperative nausea and  vomiting
Popliteal block, I:114t, I:584, II:82, II:89
Pop-off valve. See Adjustable pressure limiting valve
Porphyria, I:138t
Positive end-expiratory pressure (PEEP), I:98t, I:119, 

I:201, I:214, II:35t, II:181, II:474
Post herpetic neuralgia (PHN), II:549
Post-dural puncture headache (PDPH), I:575
Posterior fossa, II:49t
Posterior longitud inal ligament, II:65
Posterior spinal arteries, II:64
Postganglionic  ber, I:246
Postherpetic neuralgia (PHN), II:51t, II:566
Postintubation laryngeal edema, II:370
Postoperative analgesia, I:576, I:577, I:590
Postoperative care, I:194, I:581
Postoperative nausea and  vomiting (PONV), 

I:43t, I:122t, I:409, II:391
Postoperative pain control, I:433
Postoperative pulmonary complications, I:223
Postoperative respiratory depression, I:283
Postoperative visual loss (POVL), I:42t, I:529, II:413

Postoperative wound infection, I:335
Postpartum hemorrhage, II:32t–36t, 

II:36, II:248
Postseizure state, II:527
Posttraumatic stress, I:9t
Potassium, I:71t, II:478
Potassium concentration, II:439
Potassium hydroxide, I:49
Potency, I:530
Pralidoxime, II:43
Precord ial Doppler, II:205
Prednisone, I:297, I:330, I:335
Preeclampsia, II:44t, II:78t, II:101t, II:234, II:250–251, 

II:283, II:351
Preemptive analgesia, II:565
Preganglionic neurotransmitter, I:238
Pregnancy, II:4t–5t, II:99t, II:107t, II:109t
Pregnancy,  rst trimester of, I:557
Pregnancy, molar, II:267
Pregnancy, morbid  obesity, II:124t
Pregnancy, physiologic changes, II:12t, II:24t, II:256, 

II:260, II:265, II:284, II:301, II:305
Pregnancy, u teroplacental blood   ow, II:262
Preoperative evaluation, I:310, I:313, I:349
Preoxygenation, I:191, II:397
Pressure assist/ control mode ventilation, 

II:501
Pressure transducers, II:189-191
Preterm labor, II:274
Procainamide, I:93
Prodrug, I:515
Prolactin, I:255
Prone position, I:42t, I:55, I:56t
Propofol, I:24t, I:62, I:90t, I:118t, I:270, I:388, I:412, 

I:479, I:486, I:490, I:502, I:505, I:509, II:3, 
II:180, II:211, II:221, II:319, II:402, II:430, 
II:458, II:482

Propranolol, I:425, I:461
Prostagland in E1, II:50t
Prostatectomy, I:336
Protamine, I:418, II:22
Protein C de ciency, I:340
Protein catabolism, II:469
Protein S de ciency, I:340
Proteinuria, I:499
Proximal airway pressure, I:152
Proximal tubule, I:522
Pulmonary artery pressure, I:117
Pulmonary capillary wedge pressure, I:103
Pulmonary complications, I:223
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Pulmonary edema, I:59t, I:113, I:117t, I:212, 
II:215, II:472

Pulmonary embolism, I:106t, I:148, II:226, II:521
Pulmonary  brosis, I:1, I:81t, I:171, I:301
Pulmonary function tests (PFTs), I:153, I:174, 

I:226, II:495
Pulmonary hemorrhage, II:156
Pulmonary hypertension, I:150t, I:209, II:146
Pulmonary out ow obstruction, I:93t
Pulmonary resection, II:119
Pulmonary toxicity, II:16
Pulmonary vascular resistance, I:89t, I:178, I:516, 

II:60t, II:320
Pulmonary vasoconstriction, I:208
Pulmonary veins, II:131
Pulmonary:systemic  ow ratio, II:359–360
Pulse oximetry, I:27t, I:72, I:111t, I:190
Pulse pressure, I:76t
Pulse pressure variation, I:100t, II:485
Pulsus paradoxus, I:127, II:504
Pupillary d ilatation, I:526
Purposeless movements, I:14t, I:538
PV. See Polycythemia vera
Pyloromyotomy, II:98t
Pyridostigmine, II:4t–5t

Q
QTc. See Corrected  QT interval
Quaternary amine, I:421

R
Radiation exposure, I:3, I:16, I:31
Radioactive iod ine treatment, II:119t
Radiocontrast dye, I:334
Radiology room setup, I:540
Rapid ly perfused  tissues, I:500
Rapid-sequence induction, II:100
Rate of uptake, I:536
Red blood  cell esterases, I:5t
Re ex arc, I:272
Regional anesthesia, I:559–600, II:38t, II:77
Regurgitation of gastric contents, I:193
Relative humidity, I:24
Remifentanil, II:221
Renal blood   ow, I:11t, I:307
Renal clearance, I:11t
Renal failure, I:135, I:315, I:334, I:455, I:499, II:150, 

II:410, II:494
Renal function, I:349, II:134
Renal tubular reabsorption, I:373

Renin-angiotensin system, I:363, I:512
Repaglinide, II:63
Residual volume, I:89t
Respiratory acidosis, I:293, II:484
Respiratory alkalosis, I:496
Respiratory dead  space, II:331
Respiratory depression, II:568
Respiratory d istress, II:24
Respiratory failure, II:34t
Respiratory quotient, I:213
Restrictive lung d isease, I:136t
Resuscitation, II:254–255, II:286, II:325–326, 

II:366, II:483
Retained  placenta, II:269
Retinopathy of prematurity (ROP), II:377
Rheumatic fever, I:147t, II:162
Rheumatoid  arthritis, I:408, I:565, I:568
Rhonchi, II:53t–55t, II:506–507
Right bundle branch block, II:147, II:425
Right ventricular contractility, I:124
Right ventricular hypertrophy, I:93t
Right ventricular strain, II:163–164
Ringer solution, I:554, I:558
Risk of awareness, I:551
Rocuronium, I:1t, I:372, I:396, I:486, II:3, II:345, II:430
ROP. See Retinopathy of prematurity
Ropivacaine, I:123t, I:378, I:449, II:84–85
Rosiglitazone, II:61
Rotameter, I:12
Ruptured  spleen, II:158

S
Sacral hiatus, II:292
Saphenous block, II:78–79, II:82, II:89
Saphenous vein stripping, I:458
SBT. See Spontaneous breathing trial
SCI. See Spinal cord  injury
Sciatic block,  I:572, II:80, II:82, II:90
Scleroderma, I:199, I:301
Scoliosis, I:274, II:11t, II:107t
Scopolamine, I:43t, I:374, I:546, II:450
SCS. See Spinal cord  stimulation
Second gas effect, I:544
Second heart sound, I:36t
Sedation, I:31t, II:45, II:94t, II:458
Seizures, II:97t, II:396, II:534
Sensory transmission, I:278
Sensory-evoked  potentials, I:247
Sentinel event, II:453
Sepsis, II:11-12, II:490, II:492, II:530
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Septic arthritis, II:358
Serotonin, I:267
Serum potassium concentration, II:439
Sevo urane, I:2, I:48t, I:54t, I:141t, I:368, I:381, I:483, 

I:505, I:532, I:534, II:104t, II:137t, II:354
Shivering, I:30t
SIADH. See Syndrome of inappropriate secretion of 

antid iuretic hormone
Sickle cell anemia, I:132t, I:356, II:317, 

II:340, II:550
Sievert, I:31
SIH. See Spontaneous intracranial hypotension
Sildena l, I:519, II:104
SIMV. See Synchronized  intermittent mandatory 

ventilation
Simvastatin, I:334
Single-breath nitrogen technique, I:13t
Single-lumen tube, II:107
Sinus bradycard ia, I:455, I:588, II:94
Sinusitis, I:308
Sipple syndrome, I:360
Sitting position, I:56t, II:198, II:199, II:207
Skeletal metastases, II:532
Skin graft, I:21t
Skin hyperpigmentation, I:6t
Skin resistance, I:30
Smallpox, II:455
Smoking, I:97t, I:122t, II:8, II:100, II:115, II:164
Smooth muscle receptors, II:466
Sodium bicarbonate, II:42, II:229, II:366
Sodium hydroxide, I:49
Sodium nitroprusside, I:432, II:209
Solvent abuse, II:374
Somatic pain, II:564
Somatosensory-evoked potentials (SSEP), I:53t, II:56t, 

II:195–197
Sore throat, II:372–373
Speci c gravity, I:47t, I:531
Speci c heat, I:60t
Spinal anesthesia, I:70t, I:145t, I:262, I:561–562, 

I:569–570, I:574, I:591, II:67, II:82, II:118, II:304, 
II:334, II:349

Spinal cord , I:279, II:214, II:533
Spinal cord  injury (SCI), II:84t, II:111, II:117, 

II:149, II:574
Spinal cord  stimulation (SCS), II:63t, II:133t, 

II:562, II:583
Spinal fusion, II:195–197
Spinal opioid  analgesia, II:14t
Spinothalamic tract, I:278

Spinous process, I:599–600
Spirometry, I:153, I:162, I:226
Spironolactone, I:521
Splenectomy, I:292
Splenic rupture, I:430
Spontaneous breathing trial (SBT), II:87t
Spontaneous intermittent mandatory ventilation. 

See SIMV
Spontaneous intracranial hypotension (SIH), II:572
Spontaneous pneumothorax, I:148t
SSEP. See Somatosensory-evoked potentials
Standard  deviation, I:27
Standards for Basic Intraoperative Monitoring, I:43
Statins, I:306
Statistical tests, I:4, I:8
Stellate ganglion block, I:595, II:579
Stereospeci c bind ing, II:45
Stopcock, II:191
Strabismus repair, II:117t–118t
Stridor, I:290, II:372–373
Stroke volume, I:97
Student’s t-test, I:4
Sturge-Weber syndrome, II:396
Subarachnoid  hemorrhage, I:263, II:73t, II:179, 

II:217–219
Subarachnoid  space, I:67t, I:72t
Subcutaneous injection, I:477, I:583
Subdural hematoma, I:99t, II:21t
Subglottic edema, II:378
Sublingual drug administration, I:427
Substance abuse, I:300, II:52
Substance P, II:40
Substantia gelatinosa, I:253
Succinylcholine, I:21t, I:46t, I:286, I:384, I:392, I:435, 

I:479, I:511, II:37, II:178, II:345, II:402–403, 
II:414, II:430

Suction, I:540
Sufentanil, I:94, II:402–403
Sump suction, II:346
Super cial peroneal nerve, II:78
Superior laryngeal nerve, I:598
Supine position, I:56t, I:65, I:164, I:169
Supraclavicular block, I:142t, I:579–580, II:76, II:79t, 

II:81, II:86, II:91, II:93
Suprapubic catheter, I:260–262
Suprascapular nerve, II:91t
Sural nerve, II:78
Surfactant, I:160
SVR. See Systemic vascular resistance
Sweating, I:124t
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Sympathetic nervous system, I:238, II:540
Synchronized  intermittent mandatory ventilation 

(SIMV), I:179, II:488
Syncope, I:84t
Syndrome of inappropriate secretion of antid iuretic 

hormone (SIADH), I:344
Syphilis, I:299
Systemic lupus erythematosus, II:504–505
Systemic sequelae, II:185
Systemic toxicity, I:572
Systemic vascular resistance (SVR), II:465

T
T waves, II:477
Tachycard ia, I:5t, I:68t, I:136, I:140, I:404, I:458–459, 

II:24–25, II:53t–55t, II:135–136, II:139
Tachyphylaxis, II:28
Tachypnea, I:117t, II:106–107
Taylor approach, I:562
TBW. See Total body water
Tec 5 vaporizer, I:69t
TEF. See Tracheoesophageal  stu la
TEG. See Thromboelastogram
Temperature, I:60t, I:124t–126t, I:236, II:81t, II:175, 

II:333, II:428
TENS. See Transcutaneous electrical nerve stimulation
Terbutaline, II:58t, II:246, II:274
Terminal half-life of drug, I:442
Tetanus, I:33t, I:39t
Tetracaine, I:449, I:582
Tetralogy of Fallot, I:93t, I:137, II:336
Thalamus, I:247, I:249
Therapeutic hypothermia, II:513
Thermoregulation, II:347, II:445
Theta wave, I:251
Thiamine de ciency, I:294
Thiazide d iuretics, I:416
Thiopental, I:21t, I:138t, I:369, I:389, 

I:412, I:445
Thoracic deformities, I:175
Thoracic dermatome, I:144t
Thoracoabdominal aneurysm, II:148
Thoracotomy, II:598
Thrombin inhibition, I:414
Thrombocytopenia, I:495
Thromboelastogram (TEG), II:154
Thrombophlebitis, I:556
Thyroid  isthmus, II:155
Thyroidectomy, I:290, I:355
Thyrotropin, I:255

Tidal volume, I:50, I:230, II:294
TIPS. See Transjugular intrahepatic portosystemic 

shunt
Tissue water, I:237
TNS. See Transient neurological symptoms
Tobacco, I:97t, I:293. See also Smoking
Tonic-clonic movements, II:560
Tonic-clonic seizures, II:30t
Tonsillectomy, I:40t, I:286, II:140t
Tooth extraction, I:40t
Torsades des pointes, I:93
Total body tissue perfusion, II:468
Total body water (TBW), II:361
Total parenteral nutrition, II:38
Total pulmonary compliance, I:235
Tourniquet, I:593, II:64t, II:427
Toxic goiter, I:355
T-piece, I:39
Trachea, II:155
Tracheal collapse, II:152
Tracheal edema, I:4, I:10
Tracheal extubation, I:486
Tracheobronchial tree, II:19t
Tracheoesophageal  stula (TEF), II:346, II:379
Train-of-four stimulus, I:410, I:411
Tramadol, II:580
Tranexamic acid , I:89
Transcatheter aortic valve implantation, II:151
Transcranial Doppler, II:217
Transcutaneous electrical nerve stimulation 

(TENS), II:554
Transdermal scopolamine, I:43t, I:374
Transesophageal echocard iography, II:116, 

II:139, II:149t-150t, II:165-173, II:205
Transfusion risk, II:442
Transgastric long axis, II:149t
Transgastric mid-papillary short axis, II:168
Transgastric two chamber, II:167
Transient neurological symptoms (TNS), I:566
Transjugular intrahepatic portosystemic 

shunt (TIPS), II:444
Transmembrane transport mechanism, I:493
Transposition of great arteries, II:382
Transpulmonary pressure, I:127t, I:225
Transsphenoidal hypophysectomy, I:329, II:220
Transthoracic echocard iogram, II:137
Transurethral resection, II:419–420
Transverse process, II:71
Trauma patient, I:324
Trendelenburg position, I:55, II:240, II:279
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Triamterene, I:77
Triazolam, II:120t
Tricuspid  regurgitation, I:147, II:97
Tricyclic antidepressants, II:17, II:111t, II:590
Trigeminal nerve, I:250, I:254, II:118t
Triglycerides, I:25t
Tubular necrosis, II:106t, II:476
Tubular secretion, I:380
Tunneled  IV catheter, II:38
Turner syndrome, II:394
Twins, II:273

U
Ulnar nerve block, II:88, II:90t, II:93
Ultrasound, II:72–74, II:83–85, II:266–268
Ultrasound-guided  central venous catheter 

placement, II:161
Ultrasound-guided  nerve block, I:587, II:81
Umbilicus, I:145t
Uncuffed  endotracheal tube, II:335
Univent tube, II:100
Upper esophageal aortic valve long axis, II:173
Upper respiratory tract infection, II:384–385
Uptake rate, I:536
Uremia, I:291, II:142t
Urine, I:11t, I:315, I:351
Urosepsis, I:333
Uterine atony, II:67t, II:248
Uterine bleeding, II:266
Uterine inversion, II:279–280
Uterine rupture, II:257, II:277
Uteroplacental blood   ow, II:262

V
Vaginal birth after cesarean section (VBAC), II:247
Vaginal delivery, II:273
Vagus nerve, I:250, I:254, II:118t
Valproic acid , II:103t
Valsartan, I:520
Vancomycin, II:54t
Vaporization, I:80t
Vaporizer, I:35, I:54t, I:69t
Varenicline, I:97t
Variable deceleration pattern, II:61t
Vascular smooth muscle, I:516
Vasoconstriction, I:61t, I:92, I:208
Vasodilation, I:135t, I:140t, II:14, II:29, II:104
Vaso-occlusive crisis, II:550
Vasopressin, I:430, II:11–12
Vasospasm, II:219

VATS procedure, II:112t
VBAC. See Vaginal birth after cesarean section
Vecuronium, I:124t–126t, I:396, I:398, I:509
Venous access, I:49t
Venous air embolism, I:75, II:80t, II:205, II:222
Venous blood , I:237
Venous pressure record ing, II:97
Ventilation, I:164, I:177, I:543, II:17t, II:35t–36t, 

II:112t, II:488, II:491, II:512
Ventilation, closed  chest, II:157
Ventilation/ perfusion ratio (V/ Q ratio), I:41, I:156, 

I:196, I:210, I:234, I:524
Ventilator-associated  pneumonia, II:459
Ventilators, I:44t, I:50, I:175, II:32t, II:86t, II:461, II:483
Ventilatory control centers, I:244
Ventral rami, II:80
Ventricular arrhythmias, I:78t, I:123t, I:404, I:588, II:510
Ventricular function curve, I:513, I:514
Ventricular septal defect (VSD), I:93t, I:146t, II:329, 

II:359–360, II:375
Ventriculoperitoneal shunt, II:383
Ventriculostomy catheter, I:72t, I:241
Verapamil, I:68t, I:140, I:413
Vertebral arteries, II:64
Vertebral column, II:70
Vertebroplasty, II:538
Vessel-rich tissues, I:500
Vestibular-cochlear nerve, I:247
VF. See Ventricular  brillation
Vincristine, I:295
Viscera, II:540
Visceral pain, II:564
Vital capacity, I:226, I:230, II:438
Vital signs, I:581
Vitamin A de ciency, II:400
Vitamin B12 de ciency, I:509
Vitamin K, I:89, I:134
Vomiting, I:276, II:5, II:40, II:371
Von Hippel-Lindau syndrome, II:393
Von Willebrand  d isease (vWD), I:40t, II:233
Von Willebrand  factor, I:89
V/ Q ratio. See Ventilation/ perfusion ratio
VSD. See Ventricular septal defect
VWD. See Von Willebrand  d isease

W
“Wake up” test, II:186
Wall connector oxygen pressure, I:94t
Warfarin, I:18t, II:41
Warming devices, II:332
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Waste gas scavenging system, I:51
Water-hammer pulse, I:126
Watt, I:33
Wheezing, II:374, II:506–507
Whipple procedure, II:147, II:508–513
Wilcoxon rank-sum test, I:4
Williams syndrome, II:387
Windup, II:535
Withdrawal syndrome, II:20, II:34
Wolff-Parkinson-White syndrome, I:84t, I:140
Work of breathing, I:203, I:214, II:367
Wound healing, I:122t
Wound infections, I:97t

X
Xenon, I:10, I:11
X-ray, I:220

Y
Yoke-tank connections, I:62t

Z
Zaleplon, II:120t
Ziconotide, II:539

tahir99 - UnitedVRG
vip.persianss.ir


