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You being the most educated class of society, just think over it and decide.






Preface to the Sixth Edition

As we know that medicine is ever changing, anesthesia has seen rapid changes in the last few years.
In this edition, I have tried my best to incorporate the most recent advances in drugs, equipment
and techniques; Cardiopulmonary resuscitation (CPR) guidelines are based on American Heart
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management. | hope that chapters on intensive care management and cardiopulmonary resuscitation
will be very useful to students.

To make the revision easier at the last time where a student does not get enough time to read the
whole subject, the most important points are presented in italics, and moreover, key points are given
at the end of each chapter. Wherever possible, a summary of topics has been presented in tabulated
form. However, I will sincerely advise the students to go through the whole text at least once.

Although every effort has been made to minimize the scope of error, but still no one is perfect in
this world. So, minor grammatical errors may be overlooked, but any major error or controversy
may immediately be brought to the notice of author/publisher either through e-mail address or in
writing. My e-mail address is dryadavajay@rediffmail.com. We will be highly obliged and try to rectify
the mistake or clear up the controversy as soon as possible.

I hope that this edition of the book would be of immense value in providing the basic knowledge
of anesthesia to undergraduate students. I am sure that this book would not only help in solving the
anesthesia questions, but also questions related to intensive care therapy, applied physiology and
emergency medicine.

I thank M/s Jaypee Brothers Medical Publishers (P) Ltd., New Delhi, India, for their efforts in
bringing out this book in this elegant shape.

Ajay Yadav






Preface to the First Edition

Anesthesia is often the overlooked subject during undergraduation; however, the requirement of basic
knowledge of anesthesia at undergraduate level has become necessary because of multiple reasons.
Firstly, because of the increasing scope of this specialty which is not only restricted to operation
theaters, but also to intensive care units, pain management and emergency medicine. Secondly, and
also very importantly, the questions of anesthesiology asked in different postgraduate (PG) entrance
examinations are not only increasing in number, but also getting tougher and can only be answered if
the student is having reasonable knowledge of the subject.

To fulfill these requirements, I decided to write Short Textbook of Anesthesia.

In this book, I put my efforts to provide a comprehensive text keeping more focus on topics which
are frequently asked in various pre-PG examinations.

One more point I kept in mind while writing this book was to take care of the controversies
commonly encountered during preparation of pre-PG examination because of different values and
criteria mentioned in different books. For example, the color of oxygen cylinder in India and in most
of the countries is black, while in USA, it is green. A blood transfusion criterion in India is volume loss
more than 20%, while in western countries, it is 25-30%. In my book, values and criteria which are
applicable in India have been mentioned and wherever found necessary difference to western
countries has also been mentioned. I would like to advise the students to abide by the Indian
standards, at least in anesthesiology.

Any suggestions, criticisms and controversies which can really help in improving this book are
most welcome.

I wish best of luck to all the students appearing for the various pre-PG examinations,

Ajay Yadav
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CHAPTER 1

Applied Anatomy, Physiology and Physics

RESPIRATORY PHYSIOLOGY
Anatomy of Airways

Larynx (Fig. 1.1)
It is the organ of voice extending from root of
tongue to trachea and lies opposite C3 to C6.

Distance between teeth and vocal cords is
12-15 cm and distance between vocal cords and
carinais 10-15 cm.

It consists of 3 paired cartilages namely
arytenoid, corniculate and cuneiform and three
unpaired cartilages, namely thyroid, cricoid and
epiglottis.

The glottis is the narrowest part in adults while
subglottis (at the level of cricoid) is the narrowest

part in children up to the age of 6 years. As sub-
glottis is the narrowest part, the cuff of endotrac-
heal tube can cause subglottic edema and stenosis,
therefore the traditional approach had been not to
use cuffed tube in children, however this approach
is not followed in current day practice.

Nerve supply: All muscles of the larynx are
supplied by recurrent laryngeal nerve except
cricothyroid which is supplied by external branch
of superior laryngeal nerve.

Sensory supply: Up to vocal cords by internal
branch of superior laryngeal nerve and below
vocal cords by recurrent laryngeal nerve.

Arterial supply: By laryngeal branches of superior
and inferior thyroid arteries.

Glossoepiglottic fold

Epiglottic tubercle

Epiglottis

Vocal cord

Rings of trachea
Vestibular fold

Cuneiform cartilage

Vocal fold

Corniculate cartilage
Aryepiglottic fold

Fig. 1.1: Laryngoscopic view of larynx
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Paralysis of Nerves of Larynx

* Paralysis of recurrent laryngeal nerve of
one side has no serious consequences as it
is compensated by other side. There is only
hoarseness of voice.

* In bilateral partial paralysis of recurrent
laryngeal nerve, the abductors (posterior
cricoarytenoids) will go first (Semon’s Law)
causing the cords to be held in adduction
producing respiratory stridor.

* In complete paralysis of recurrent laryngeal
nerve, the cords are still held in adducted
position due to tensing action of cricothyroid
which is supplied by superior laryngeal
nerve, causing severe respiratory distress,
stridor, aphonia and complete obstruction.
A tracheostomy is usually required for the
management.

* In complete paralysis of both recurrent and
superior laryngeal nerves, the cords are held in
mid-position (cadaveric position).

* Cords are also in cadaveric position during
anesthesia with muscle relaxants.

Trachea

* Length of the trachea is 10-12 cm.

= It starts from cricoid ring (C6) and ends at
carina (T5). Anteriorly carina corresponds
to second costal cartilage at the junction of
manubrium with sternal body (angle of Louis).

» Itconsists of 16-20 incomplete rings.

¢ Thediameter of tracheais 1.2 cm.

Bronchial Tree (Fig. 1.2)

At carina trachea divides into right and left main
bronchus. Distance of carina from upper incisors
is 28-30 cm.

Further right main bronchus divides into right
upper, middle and lower lobe bronchus and left
main bronchus into left upper and lower lobe
bronchus.

* Due to shorter, wider and less acute angle
chances of endotracheal tube to be positioned
on right side (endobronchial intubation) are
more (Table 1.1).

¢ In children the angle of both right and left

bronchus is same, i.e. 55° up to the age of

3 years.
Right upper lobe bronchus divides into apical,
posterior and anterior segment bronchi.

Right middle lobe bronchus divides into lateral
and medial segment bronchi.

Right lower lobe bronchus divides into apical,
medial basal, anterior basal, lateral basal and
posterior basal segment bronchi.

Left upper lobe bronchus divides into apical,
anterior and posterior segment bronchi. Left upper
lobe bronchus also gives rise to lingular bronchus,
which is further subdivided into superior and
inferior segment bronchi.

Left lower lobe bronchus divides into apical,
anterior basal, posterior basal and lateral basal
segment bronchi.

Segmental bronchi along with lung paren-
chyma constitutes bronchopulmonary segments
which are 10 in number on right side, viz.

Upper lobe: Apical, posterior and anterior,
Middle lobe: Lateral and medial.

Lower lobe: Apical (superior), medial basal
(cardiac), anterior basal, lateral basal and posterior
basal.

On the left side bronchopulmonary segments
are 9 in number, viz.

Upper lobe: Apical, posterior and anterior.

Lingular lobe: Superior lingular and inferior
lingular.

Lower lobe: Apical, inferior basal, lateral basal and
posterior basal.

These segmental bronchi further divide and
re-divide till terminal bronchioles. Further these
terminal bronchioles lose their cartilage to form
respiratory bronchiole which with alveolar duct
and alveolar sac forms the respiratory unit. It is at
this alveolar capillary membrane where gaseous
exchange takes place. The thickness of alveolar
capillary membrane is 0.3 mm.

Total number of alveoli is 300 million with
surface area of 70 m®,

Alveolar epithelium has type I and type I1 cells.
Type II cells secrete surfactant.

FOREIGN BODY ASPIRATION

Due to shorter, wider and less acute angle of right

bronchus foreign body aspiration is more common

onright side.

* In supine position most commonly involved
segment is apical segment of right lower lobe.



Right main bronchus
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Right side
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Trachea

Carina

Left main bronchus

12

Left side

Fig. 1.2: Bronchial tree

Right main bronchus

Right upper lobe bronchus
Right middle lobe bronchus
Right lower lobe bronchus
Apical segment bronchus
Posterior segment bronchus
Anterior segment bronchus
Lateral segment bronchus
Medial segment bronchus
Apical segment bronchus

. Medial basal bronchus

. Anterior basal bronchus

. Lateral basal bronchus
Posterior basal bronchus
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B Table 1.1: Comparison of the anatomy of the right and
left bronchus

Shorter (length 2.5 cm) Longer (length 5 cm)
The angle with vertical is 25° The angle is 45°

» In lateral position, most commonly involved
segment is posterior segment of upper lobe

1. Left main bronchus

Left upper lobe bronchus

Left lower lobe bronchus
Apical upper lobe bronchus
Posterior upper lobe bronchus
Anterior upper lobe bronchus
Superior bronchus

Inferior bronchus

Apical bronchus

10. Anterior basal bronchus

11. Lateral basal bronchus

12. Posterior basal bronchus

000 NGV i Wi

(right upper lobe in right lateral and left upper
lobe in left lateral).

« Instanding/sitting aspiration, most commonly
aspiration occurs in posterior basal segment of
right lower lobe.

Mucosa: Ciliated epithelium up to terminal

bronchioles after which non-ciliated epithelium.
Ciliary activity is inhibited by all inhalational

agents except ether.

Arterial supply: Bronchial artery up to terminal

bronchioles and beyond terminal bronchioles by
pulmonary artery.
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Nerve supply: Parasympathetic by vagus (causes
bronchoconstriction).

Sympathetic by T2 to T5 (causes broncho-
dilatation).

REGULATION OF RESPIRATION

Mediated by:

« Pneumotaxic center in upper pons.

« Apneustic center in lower pons.

« Ventral group of neurons in medulla (expira-
tory group).

« Dorsal group of neurons in medulla (inspira-
tory group).

Normally pneumotaxic center has inhibitory
effect on apneustic center which otherwise
produces apneustic breathing or inspiratory
spasm.

Normal respiration is maintained by expiratory
and inspiratory neurons of medulla.

During inspiration stretch receptors in lung
parenchyma, which are supplied by vagus get
stimulated leading to inhibition of inspiratory
group of neurons, and hence stopping the
inspiration.

Expiration is normally passive and expiratory
group of neurons comes into play only during
active expiration.

These central respiratory centers are most
sensitive to changes in CSF pH, which in turn is
influenced by pCO, (partial pressure of carbon
dioxide in blood).

Increase in pCO, stimulates the respiration
while decrease in pCO, inhibits respiration. Other
factors effecting respiratory centers are:

* Body temperature

* Hypoxia

« [Exercise

e Pain

* Hypothalamus
¢ Cortex.

Peripheral chemoreceptors: These are present
in carotid body and aortic arch. Carotid body
receptors are very sensitive to hypoxia.

All inhalational agents (except nitrous oxide
and minimum with ether) have depressant effect
on ventilatory response to increased CO, and
hypoxia.

MUSCLES OF RESPIRATION
Inspiration
Diaphragm is the most important muscle of
inspiration (moves 1.5 cm in quiet respiration and
6-10 cm in deep breathing).
External intercostals, pectoralis minor and
scalene also assist in normal inspiration.
Pectoralis major, latissimus dorsi and sterno-
mastoids are needed during deep inspiration.
Respiration in males is abdominothoracic while
in children and females, it is thoracoabdominal.

Expiration
Expiration is normally passive. Forced expiration
is mediated by internal intercostals and abdominal
muscles.

During anesthesia with inhalational agents
expiration is active, mediated by abdominal muscles.

AIRWAY RESISTANCE

For air to flow in lungs a pressure gradient must
develop to overcome the airway resistance. This
pressure gradient depends on airway caliber and
pattern of airflow.

At laminar flows (which occurs below the
main bronchi where velocity is less), resistance
is proportional to flow rates but at turbulent flow
(seen in trachea and main bronchi) resistance is
square of flow rates. In other words, it can be said
that maximum airway resistance to airflow occurs
in trachea and then main bronchus and minimum
in terminal bronchi.

VENTILATION/PERFUSION (V/Q)

Both ventilation and perfusion is more at bases
as compared to apex but perfusion at base is
comparatively higher decreasing V/Q ratio towards
base (from 2.1 at apex to 0.3 at base, average 0.8).

This ventilation perfusion mismatch is
responsible for producing alveolar dead space
(i.e. alveoli are only ventilated but not perfused,
wasting the oxygen in alveoli).

This V/Q mismatch creates alveolar to arterial
oxygen difference [(A-a) pO, difference] which is
normally 3-5 mm Hg.

This A-a difference is increased in lung
pathologies affecting alveoli such as pulmonary




edema, acute respiratory distress syndrome
(ARDS) and interstitial lung disease.

DEAD SPACE

Total dead space (also called as physiological dead
space) = Anatomical dead space + Alveolar dead
space.

Anatomical Dead Space

It is constituted by air which is not participating in

diffusion. Therefore it is constituted by air present

in nose, trachea and bronchial tree (up to terminal

bronchioles). Normally, it is 30% of tidal volume or

2 mL/kg or 150 mL.

Anatomical dead space is increased in:

« Old age

« Neck extension

* Jaw protrusion

« Bronchodilators

¢ Increasing lung volume

« Atropine (causes bronchodilatation)

* Anesthesia mask, circuits

« Intermittent positive pressure ventilation
(IPPV) and positive end-expiratory pressure
(PEEP).

Anatomical dead space is decreased by:

* Intubation (nasal cavity is bypassed and
diameter of tube is less than airway diameter)

» Tracheostomy (upper airways and nasal cavity
bypassed)

« Hyperventilation (decreasing lung volume)

¢ Neck flexion

*  Bronchoconstrictors.

Alveolar Dead Space

Itis constituted by alveoli which are only ventilated

but not perfused. It is 60-80 mL in standing

position and zero in lying position (in lying
position perfusion is equal in all parts of lung).

Itis increased by:

« Lungpathologies affecting diffusion at alveolar
capillary membrane such as interstitial lung
disease, pulmonary embolism, pulmonary
edema and ARDS.

* General anesthesia.

e IPPV.

* PEEP.

+ Hypotension.
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Anesthesia and Dead Space

» All anesthesia circuits, masks, humidifiers
increase the anatomical dead space.

« Endotracheal tubes, tracheostomy decreases
the anatomical dead space by bypassing the
upper airways.

« Allinhalational agents increase both anatomi-
cal and alveolar dead space. Anatomical dead
space is increased because all these agents
are bronchodilators. Alveolar dead space is
increased because of hypotension (decreased
perfusion) produced by these agents.

« Positions during anesthesia, especially lateral
position causes more ventilation in upper lung
(non-dependent) and more blood flow in lower
lung (dependent lung), thereby increasing
the V/Q mismatch, and hence alveolar dead
space. Other positions such as Trendelenburg,
lithotomy also causes the V/Q mismatch.

» Anesthesia ventilation techniques such as
IPPV, PEEP increase both anatomical and
alveolar dead space. Anatomical dead space
is increased by increasing lung volume and
alveolar dead space is increased because of
hypotension produced by IPPV and PEEP
(Increase in intrathoracic pressure produced
by IPPV/PEEP decreases the venous return,
cardiac output and hence hypotension).

OXYGEN AND CARBON DIOXIDE
IN BLOOD

Oxygen
Normal oxygen uptake is 250 mL/min.

Oxygen is mainly carried in blood attached to
hemoglobin (1 g of Hb carries 1.34 mL of oxygen).
Very less amount, 0.003 mL/dL/mm Hg is carried
as dissolved fraction. Oxygen content of arterial
blood is 20 mL/dL and that of venous blood is
15 mL/dL.

Oxygen Dissociation Curve (Fig. 1.3)

Normally, Hb is 97% saturated at normal partial

pressure (p0,) of oxygen, which is 95-98 mm Hg.
At 60 mm Hg, saturation is still 90%. After this

point, there is sudden drop in oxygen saturation

leading to significant desaturation of Hb (cyanosis

appears when pO, fall below 50-60 mm Hg).



P, is the partial pressure at which oxygen
saturation is 50%. The partial pressure of oxygen
for 50% saturation is 26 mm Hg. P, is not effected
by anesthetics.

Bohr effect: Alkalosis shifts O, dissociation curve
to left and acidosis to right.

Oxygen flux: It is the amount of oxygen leaving left
ventricle/minute.
Itis 1,000 mL/min.

Shift of oxygen dissociation curve is seen with:

Alkalosis

Acidosis

Abnormal hemoglobins
like methemoglobin, fetal
hemoglobin, etc.

Increased 2,3 DPG

Inhalational anesthetics

Hypothermia

Carbon Dioxide

Transported in blood as:

« Bicarbonate (90%).

¢ Dissolved (0.0308 mmol/L/mm Hg): 5% of
total.

* Ascarbamino compounds.

CO, Dissociation Curve (Fig. 1.4)

It is relationship between pCO, and CO, content.
Deoxygenated blood has more CO, content at
a given pCO,, this is called as Haldane effect.

ABNORMALITIES OF CHEST
MOVEMENTS

Paradoxical Respiration
Seen in flail chest.

Treatment: IPPV.

Tracheal Tug

This is downward movement of trachea during
deep inspiration. It is seen in:

* Deep anesthesia (by inhalational agents).

* Partially curarized patient.

Fig. 1.3: Oxygen dissociation curve

Fig. 1.4: CO, dissociation curve

* Upper airway obstruction (this is the main
reason of tracheal tug at the end of anesthesia
as airway can get obstructed by secretions).

Mechanism: During deep anesthesia and partially
curarized patient diaphragm is not supported by
costal margins. Also larynx is not supported by
neck muscles so strong contraction of central part
of diaphragm pulls the trachea downwards.

Sigh
Itis deep inspiratory hold.

Hiccup

Intermittent clonic spasm of diaphragm of reflex
origin.




Causes

« Light anesthesia.

* Gastric and bowel distension.

¢ Diaphragm irritation by touching diaphragm
in upper abdominal surgeries.

* Uremia.

Treatment

« Increase the depth of anesthesia.

«  Muscle relaxants.

« Pharyngeal stimulation by nasal catheter,
Valsalva maneuver, CO, inhalation.

¢ Drugs such as amyl nitrate.

e Ether

« For intractable hiccups, phrenic nerve block
may be required.

HYPOXIC PULMONARY
VASOCONSTRICTION

This is a protective mechanism. Whenever there
is hypoxia, there occurs vasoconstriction in these
hypoxic areas leading to shunting of blood to well-
perfused area, decreasing the V/Q mismatch. All
inhalational agents blunt this hypoxic pulmonary
vasoconstriction (HPV) response thereby increasing
the shunt fraction (maximum with halothane).

PULMONARY FUNCTION TESTS
Lung Volumes (Fig. 1.5)

Tidal volume: Volume of gas inspired or expired in
each breath during normal quiet respiration.
It is 400-500 mL (10 mL/kg).

Inspiratory reserve volume: It is the maximum
volume of gas which a person can inhale from end
inspiratory position.

It is 2400-2600 mL.

Inspiratory capacity: It is the maximum volume

which can be inhaled from end expiratory position

i.e. itis inspiratory reserve volume + tidal volume.
Itis 2500 (IRV) + 500 (TV) = 3,000 mL

Expiratory reserve volume: Maximum volume of
gas that can be exhaled after normal expiration.
Itis 1200-1500 mL.

Vital capacity: It is the maximum amount of gas
that can be exhaled after maximum inhalation, i.e.
itis IRV + TV + ERV.

It is 4200-4500 mL (75-80 mL/kg).
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Fig. 1.5: Lung volumes
TV =Tidal volume
IRV = Inspiratory reserve volume
IC = Inspiratory capacity
ERV = Expiratory reserve volume
RV = Residual volume
FRC = Functional residual capacity
VC = Vital capacity
TLC =Total lung capacity
All these lung volumes are approximately 5% less in
females (except residual volume).

Residual volume: It is volume of gas still presentin
lungs after maximal expiration.
Itis 1200-1500 mL.

Maximum breathing capacity: Maximum volume
of air that can be breathed/minute. It is 120-170 L/
min (normally it is measured for 15 seconds and
expressed as L/min).

Minute volume: It is tidal volume x respiratory
rate.
Itis 500 x 12 = 6000 mL/min.

Total lung volume: IRV + TV + ERV + RV.
It is 5500-6000 mL.

Functionalresidual capacity (FRC):Itisthevolume
of gas in lungs after end expiration. It is ERV + RV.
It is 2400-2600 mL.

During general anesthesia FRC decreases by
15-20%.

Simple Bedside Test

e Breath-holding time: It is very simple and
useful bedside test. Normal is > 25 seconds.
Patients with breath-holding time of 15-25
seconds are considered borderline cases and
breath holding time < 15 seconds indicate
severe pulmonary dysfunction.

*  Match test: Person is asked to blow-off match
stick from a distance of 15 cm. A person with
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normal pulmonary reserve will blow off the
match-stick from this distance.

* Tracheal auscultation: If breath sounds are
audible for more than 6 seconds it denotes
significant airway obstruction.

« Able to blow a balloon.

* Spirometry by pocket size microspirometers
can now be performed on bed side.

Spirometry

It is the instrument used to measure following
lung volumes:

* Tidal volume

« Inspiratory reserve volume

« Inspiratory capacity

» Expiratory reserve volume

¢ Vital capacity.

It cannot measure residual volume, therefore
any lung volume which requires measurement of
residual volume, i.e. functional residual capacity
and total lung volume cannot be measured by
spirometry.

Forced Spirometry

(Timed Expiratory Spirogram)

Forced vital capacity (FVC): Expiration is
performed as hard as possible. It is 4200-4500 mL
(75-80 mL/kg)

Forced expiratory volume (FeV): It is the volume
of gas expired in 1 second (FeV,), 2 seconds
(FeV,), 3 seconds (FeV,) measured from the start
of expiration after full inspiration (forced vital
capacity). Normal person can exhale 83-85%
of FVC in 1 second (so FeV, is 83-85%), 93% in
2 seconds (FeV, is 93%) and 97% in 3 seconds
(FeV, is 97%).

FeV,/FVC ratio is important as this ratio
is decreased in obstructive lung diseases. It is
expressed as percentage.

Peak expiratory flow rate: Normal 500-600 L/min.

Forced mid-expiratory flow rate: Measures flow
rate during 25-75% of exhalation.

Flow Volume Loops

These are more sensitive and informative in
detecting pulmonary diseases than conventional
spirometry. Modern microprocessor controlled
recording spirometers automatically generate
these flow volume loops.

Body Plethysmography, Helium Dilution,
Nitrogen Washout

These techniques are employed for measuring
functional residual capacity, residual volume and
total lung capacity.

Helium dilution technique is also used to
measure closing capacity, which is the volume at
which airway closes. Normally it is 1 litre less than
functional residual capacity. If functional residual
capacity falls below closing capacity there will be
significant hypoventilation and V/Q abnormalities.

Body plethysmograph is also used to measure
airway resistance (normal = 2.5 cm H,O/L/
second).

Lung Compliance
It is volume change per unit of pressure.

Lung compliance 0.2L/em H,0
Chest wall compliance : 0.2L/cm H,0
Total compliance 0.1L/em H,0

(lung and chest
wall compliance
act in opposite
direction).

Blood Gas Analysis
Described in Chapter 40, page no. 293.

Pleural Pressures

Normal intrapleural pressure is -3 to -5 cm H,0.
During inspiration, it becomes more negative
up to -7 cm H,O.
During expiration, it is +1 to +2 cm H,0.

Fitness for Surgery and
Pulmonary Functions

¢ Patients with FVC < 20 mL/kg and FeV,
<15 mL/kg require appropriate preoperative
preparation before surgery such as chest
physiotherapy, antibiotics, bronchodilators,
etc.

» Patient with FeV < 10 mL/kg and history of
dyspnea at rest or on minimal activity should
be subjected to only life-saving operations.
Three most important criteria to indicate

severe respiratory compromise are:

1. Dyspnea at rest or on minimal activity.

2. FeV, <15 mL/kg (normal 65 mL/kg).

3. pO, <60 mm Hg (or oxygen saturation < 90%)
on room air.



PHYSICS RELATED TO ANESTHESIA

Boyle'’s Law

At a constant temperature, volume of gas is inver-
sely proportional to the pressure.

Charle’s Law

At a constant pressure, volume of gas is directly
proportional to temperature.

Graham’s Law

The rate of diffusion of gas is inversely proportional
to square root of their molecular weight.

An ideal gas should follow all the above said
laws.

Partial Pressure of Gas

It is the pressure exerted by each gas in a gaseous
mixture.

Vapor

Vapor is the gaseous state of liquid.

-Avdgadro Number

The number of molecules contained in one
gram molecular weight of any compound. It is
6.23 x 107,

Critical Temperature

It is the temperature below which a gas can be
stored in liquid form.

Flow of Gases

Flow may be laminar or turbulent.

Laminar

Laminar flow is produced when the gas pass
through straight tube. Flow is smooth. Laminar
[flow is more dependent on viscosity.
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At laminar flow, Hagen-Poiseuille law is
applicable which states that flow rate is directly
proportional to pressure gradient and fourth
power of radius of tube and inversely proportional
to viscosity and length.

n(P,-P,)r'

aC
Q 8nl

Q = Flow rate

P,-P,=Pressure gradient (P, and P, are
pressure at each end of tube)

n = Viscosity

| = Length.

Turbulent

Turbulent flow is produced, if flow rate is very high
or if gas passes through bends, constrictions. Flow
is rough. Reynolds number must exceed to 2,000
for turbulence. Turbulent flow is more dependent
on density.

VENTURI PRINCIPLE

When a fluid or gas passes through a tube of
varying diameter, the pressure exerted by fluid
(lateral pressure) is minimum where velocity is
maximum (pressure energy drops where kinetic
energy increases: Bernoulli’s law).

This principle is very much utilized in
anesthesia particularly with Venturi masks. By
increasing flow rate (velocity) through narrow
constriction sub atmospheric pressure can be
created in vicinity enthralling air to mix in fixed
proportion (through pores in mask) with oxygen.
Jet ventilation and suction apparatus also works on
this principle.

POYNTING EFFECT

Mixing of liquid nitrous oxide at low pressure
with oxygen at high pressure (in Entonox) leads to
formation of gas of nitrous oxide. Therefore, oxygen
and nitrous oxide both are present in gaseous state
in Entonox cylinder.

KEY POINTS

s Subglottis is the narrowest part in children up to the age of & years however, this does not act as deterrent to

use cuffed tubes in children.

= During general anesthesia with muscle relaxants the cords are held in cadaveric position.



i Due to shorter, wider and less acute angle chances of endobronchial intubation are more on right side.
- Aspirauon in supine position most commonly involves apical segment of right lower lobe.
. Mmmumlmrway resismﬂce to airflow occurs in trachea and then main bronchus and minimum in terq!inal

my decrease the anatomical dead space by bypassing the upper airwa .
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is normally 1 L less than functional residual capacity. :
en utilized in anesthesia particularly with Venturi masks.




Equipment in Anesthesia







CHAPTER

Anesthesia Delivery Systems
(Anesthesia Machine and Circuits)

ANESTHESIA MACHINE

First anesthesia machine was invented by Edmund
Gaskin Boyle in 1917 (that's why anesthesia
machine used to be called as Boyle’s machine).
The Boyle's machine is continuous flow machine
used for administration of anesthesia.

Over the years, anesthesia machine has
evolved from Boyle’s basic (Fig. 2.1) to Boyle’s
major (Fig. 2.2) to anesthesia work stations
(Fig. 2.3). Anesthesia work stations are not
only the machines but are the compact systems
having all essential monitors (capnograph, pulse
oximeter, oxygen analyzer, spirometer, airway
pressure monitor), all essential alarms, ventilator,
storage drawers for equipment, suction port,
auxiliary oxygen source, provision for closed
and semiclosed circuits, scavenging system and
electric plugs integrated as a single unit.

As different parts of anesthesia machine
works on different pressures, it is divided into
three parts—high pressure system, intermediate
pressure system and low pressure system:

HIGH PRESSURE SYSTEM

It extends from yoke assembly to high pressure
regulator (1st stage pressure reducing valve). It
includes yoke assembly (Cylinders and yoke), high
pressure regulator and oxygen flush.

Cylinders

Cylinders are made up of molybdenum steel
because molybdenum steel can withstand high
pressures. Some of the newer cylinders also
contains chromium alloy to decrease their weight.
As steel is not compatible with MRI, special

Rotameter

'.“ Ether bottle
Pressure gauge . »

)
e
Nitrous oxide

cylinders Oxygen
Sl cylinders
Magill circuit

Fig. 2.1: Boyle's basic

aluminum cylinders (and aluminum machine)
are used in MRI suites.

Oxygen Cylinder (Fig. 2.4)

The color of oxygen cylinder is black body with
white shoulders (top) and pressure is 2,000 pounds
per square inch (psi) or 137 kg/cm’ [1 kg/cm® = 14.7
psi]. Smallest size available is AA and the largest is
H. The cylinder mounted on anesthesia machine is
type E.

As oxygen is consumed cylinder pressure falls
in proportion to its content, i.e. if the pressure
gauge is showing 1,000 psi that means oxygen
cylinder is half full.

Acceptable purity is 99%. The cylinder should
have the following details: Name of the owner,
serial number, capacity of cylinder, symbol of gas,
tare weight (weight of empty cylinder) and date of
hydraulic test. Cylinders should be tested every
5 years.
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Fig. 2.2: Boyle's major anesthesia machine (cylinders are fitted on the back side therefore
cannot be visualized in diagram)
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Fig. 2.3: Anesthesia work station
Liquid oxygen: Any gas can be stored in liquid As 1 mL of liquid oxygen gives 840 mL of gas,

form below its critical temperature. The critical the advantage of liquid oxygen is that it can be
temperature of oxygen is -119°C, therefore oxygen  stored in large volumes in small containers making
reservoirs storing oxygen in liquid form has to  them very useful for remote locations like wars or
maintain a temperature below -119°C, which disasters.

make them quite expensive.



Fig. 2.4: Oxygen cylinder

Fig. 2.5: Nitrous oxide cylinders

Nitrous Oxide Cylinder (Fig. 2.5)

Nitrous oxide is stored in blue color cylinders at a
pressure of 760 psi.

As the critical temperature of nitrous oxide
is 36.5°C, it is filled in liquid form. Vaporization
of liquid produces gas leading to heat loss which
sometimes may produce frost on cylinder. Small
amount of liquid present in cylinder may still
vaporize to produce gas leading the pressure gauge
to show the pressure of full cylinder therefore,
contents of cylinder are measured by weight, not by
the pressure gauge.

Entonox Cylinder (Fig. 2.6)

Entonox, the mixture of 50% oxygen and 50%
nitrous oxide, is mainly used to produce analgesia
during labor. It is stored in blue color cylinders

5070260 I NZ0

Fig. 2.6: Entonox cylinder

(representing nitrous oxide) with white shoulders
(representing oxygen) at a pressure of 2000 psi.

Heliox Cylinder

Heliox, the mixture of 79% helium and 21% oxygen,
is mainly used in upper airway obstruction. It
is stored in black color cylinders (representing
oxygen) with brown and white shoulders (brown
representing helium) at a pressure of 2000 psi.

Air Cylinder

Air is stored in grey color cylinders (representing
CO,) with black and white shoulders (representing
oxygen) at a pressure of 2000 psi.

Cyclopropane and carbon dioxide, which are
no more used in anesthesia, used to be stored
respectively in orange color cylinders at a pressure
of 75 psi and grey color cylinders at a pressure of
750 psi. They were stored in liquid form.

Filling Ratio (Also Called as Filling Density)

It is the percentage of weight of gas in container
to weight of water it can hold at 60°F. This is to
prevent overfilling. It is 68% for nitrous oxide and
oxygen (in liquefied state).

Cylinder Valves

Cylinder valves are fitted at the top of cylinder.
Different type of cylinder valves are available like
flush type (most commonly used), bull nosed,
etc. To start and close gas, these valves are rotated
anticlockwise and clockwise, respectively. (For
summary of gas cylinders see Table 2.1).



W Table 2.1: Summary of gas cylinders

Oxygen Black body 2000 psi
White shoulders

Nitrous oxide Liquid Blue 760 psi 1,590L
Grey body 2000 psi 625L
Black and white shoulders

Entonox Eand H Liquid and gas Blue body 2,000 psi —
White shoulders

Cyclopropane Liquid Orange 75 psi

*Commonly used type

**Different countries use different color coding for cylinders. The colors mentioned here are as per Indian Standard adopted
by the Indian Standards Institution on 24th November 1966, after the draft finalized by the Gas Cylinders Sectional Committee
(Clause 2.1,2.2 and 2.3)

Pressure Gauge

It is used to measure the cylinder pressure. Most
commonly used is Bourdon type.

Bodok seal

Yoke Assembly

Yoke is that part of the machine where cylinders
get fitted. It consists of index pins, a gas seal
(Bodok seal) to prevent leak between cylinder and
yoke and a filter (Fig. 2.7).

4 Pins
Pin Index System (Table 2.2) Fig. 2.7: Yoke of anesthesia machine
It is the safety mechanism to prevent wrong fitting

of cylinders at other’s position. It consists of 2 pins, g Table 2.2: Pin index position for gases on yoke of

4 mm and 6 mm long on yoke of the anesthesia anesthesia machine

eytiniorwith the holes at epmcsponding distance RN
cylinder with the holes at corresponding distance

can only be fitted at that position. Oxygen 2,5

Making of Pin Index System Cyclopropane 3,6

A 9/16 inch circumference semicircle is made and —_
6 equidistant points are made on arc (additional Nitrogen 1,4

7th point, if entonox is to be used) (Fig. 2.8).

The pins at the yoke of oxygen are at 2 and 5 —
position.p0xygen cyl}i,nders ha?;gholes atthe same 270" il ki ik
position making only oxygen cylinder possible to ——
be placed at this position. Similarly, yoke of nitrous
oxide has pins positioned at 3, 5 position; nitrous  only nitrous oxide cylinder possible to be placed
oxide cylinder has holes at same position making  at this position.




Fig. 2.8: Cylinder valves showing position of holes (these
holes correspond to same pins at yoke of machine)

.

Central Supply of Oxygen
and Nitrous Oxide

In large hospitals where consumption of gases is
more, oxygen, nitrous oxide and air are supplied
through central supply pipelines. In central supply
rooms, oxygen and nitrous oxide are stored in a
set of 4-8 large (type H) cylinders connected to
a common manifold (many hospitals use liquid
oxygen tanks instead of cylinders). In India,
Oxygen, medical air and nitrous oxide are supplied
at a pressure of 60 psi through central supply.

There is color coding for central supply
pipelines; white for oxygen, blue for nitrous oxide
and black for air. Majority of the hospitals having
central supply of gases also have central suction-
mediated through yellow color pipes.

Like pin index system which prevent wrong
fitting of cylinders to machine Diameter index
safety system (DISS) prevent wrong fitting of
central supply pipes to machine. As the name
suggests the diameter of oxygen, nitrous oxide,
air and suction pipes are different so that couplers
of oxygen, nitrous oxide, air and suction can only
receive their pipes.

Oxygen Flush (Emergency Oxygen Flush)

It is a bypass system which bypasses the inter-
mediate and low pressure system and oxygen
directly reaches at machine outlet. It delivers

35 liters of oxygen per minute at a pressure of
45-60 psi.

High Pressure Regulator

High pressure regulator is also known as 1st stage
pressure reducing valve. It converts high pressure
in cylinder to constant working pressure suitable
for anesthesia machine. It reduces the pressure to
45-60 psi.

INTERMEDIATE PRESSURE SYSTEM

It extends from 2nd stage pressure reducing valve

to flow control knobs. It includes:

+ 2nd stage pressure reducing valve which
further reduces the pressure to 15-35 psi.

* Oxygen failure alarms: Machine starts
alarming, if the pressure of oxygen falls below
a preset pressure.
Fail safe valve: This is an important safety
device which in case of decreased oxygen
pressure either cut-off or proportionately
decreases the flow of nitrous oxide and other
gases (that is why also called as oxygen supply
failure protection devices), thus preventing the
delivery of hypoxic mixture,

LOW PRESSURE SYSTEM

Downstream to flow control knob constitutes low
pressure system. It includes rotameter, vaporizers
and check valve.

Rotameter

One of the most important component of low
pressure system is rotameter which contains
flowmeter tubes specific for each gas and flow
control knob (Figs 2.9 and 2.10).

The flow to each tube is adjusted by rotating
the flow control knob clockwise and anticlockwise.
As a safety measure (to prevent opening of wrong
knob), these flow control knobs are color-coded
(blue for nitrous oxide, white for oxygen and black
for air), chemical formula of gas is embedded on
each knob and oxygen knob is made physically
different from other knobs (it is more fluted, more
prominent and large in diameter).

Flowmeter tubes are glass tubes which are
transparent and have variable orifice, (tapered—
narrow at base and wider at apex) with markings
on each tube indicating flow. These tubes are also
called as Thorpe's tube. Although the tubes are



Fig. 2.9: Rotameter with two flowmeters
Note that newer machines have double flowmeter tubes
for oxygen and nitrous oxide. A fine flow tube for low flow
rates (200 mL to 1 L) and coarse tube for high flow rates
(1-10L)

I
i

Thorpe tube

- Rotating bobbin
(gases flowing
across the bobbin
make it to rotate)

Flow
control
knob

Fig. 2.10: Flowmeter

transparent but still it is not possible to see the gas
flowing through it therefore, to ensure continuous
flow of gases each tube contains aluminum

float-called as bobbin. The gas stream passing all
around the bobbin keeps it rotating continuously
ensuring continuous flow of gases. Upper end of
bobbin determines the flow rate. For example, in
Figure 2.9 nitrous oxide is flowing at flow rate of
3 L/min. and oxygen at 5 L/min. The pressure
around the bobbin remains constant throughout
therefore these flowmeters tubes are considered
as constant pressure tubes. The flow at low flow
rates is laminar therefore viscosity determines
the flow while density becomes an important
determinant at high flow rates.

The whole unit with flowmeter tubes and flow
control knobs is called as rotameter (named so
because of rotating bobbin).

Safety Features of Rotameter

»  Position of flowmeter tubes (Fig. 2.11): Most
vulnerable point of leakage is the junction of
flow meter tube and common manifold at the
top of machine. If oxygen tube is upstream
it can leak at 6 positions (1, 2, 3, 4, 5, 6 of
Fig. 2.11), while if it is most downstream,
then possibility of leakage is only at 2 points
(5, 6 of Fig. 2.11). Therefore, oxygen tube
should be most downstream, i.e. oxygen should
be the last gas to enter the rotameter.

*  Oxygen-nitrous ratio controller/oxygen nitrous
proportioning system: Oxygen and nitrous
oxide knobs are interconnected by a pulley in
such a manner that rotation of nitrous oxide
knob will automatically start oxygen flow
making it impossible to deliver singular flow
of nitrous oxide. This ensures a minimum FiO,,
(delivered concentration of oxygen) of 25%
which is mandatory to prevent hypoxia.

« Florescent back panel of rotameter so that it
can be visualized in dark.

* Rotameters are hand-calibrated to minimize
errors.

+ They are antistatic to prevent sticking of
Bobbin to flowmeter tube.

Other types of flowmeter:

*  Heidbrink flowmeter: Used in past, it consists
of metal-tapered tube with inverted black
float. The upper end projects in glass tube.

* Connell flowmeter: Again used in past, it
contains a round float (bobbin). Reading was
taken from the center of float.
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Vaporizers (Fig. 2.12)

Vaporizers are the devices which are used to
deliver inhalational agents. Inhalational agents
are in liquid form in vaporizer. As the inhalational
agents are volatile, fresh gases passing over
the agent vaporizes them and their vapors get
incorporated in fresh gases to be delivered to the
patient.

The vaporizer material should have high
specific heat and high thermal conductivity. As
Copper possesses these properties, vaporizers are
made up of copper.

In the last few decades, there has been
continuous development in vaporizers. Old
vaporizers of the past-like ether bottle, trielene
bottle and Goldman vaporizer has been replaced
by newer vaporizers such as Tec. 5, Tec. 6 (heated
and pressurized vaporizer, specifically designed
for desflurane) or Tec. 7.

Aladin cassette vaporizer is the latest vaporizer
which can be used to deliver all inhalational agents.
It just requires insertion of color-coded cassette
of each agent, rest everything is automatically
adjusted by vaporizer.

The characteristics of new vaporizers are:

« Temperature compensated (vaporizer output
not affected by changes in temperature which
occurs due to vaporization of inhalational
agent).

« Variable bypass: By rotating the dial knob,
it can be decided how much fresh gas will
pass through vaporizer and how much to be
bypassed (therefore called as splitting ratio).
This decides the concentration of anesthetic

Fig. 2.12: Desflurane (with blue dial knob) and sevoflurane
(with yellow dial knob) vaporizer (For color version, see
Plate 1)

agent to be delivered, i.e. at 5% concentration
most of the gas will pass through vaporizer and
at 0.1% most of gas will be bypassed.

* Flow over, i.e. gas flow passes over the agent.
Other type is bubble through in which gas
passes through the agent.

* Notaffected by pumping effect (back pressure).

* Outside the circuit (i.e. not in breathing
circuit).

oo
) )



B Table 2.3: Physical properties of inhalational agents

Sevoflurane 58°C 160
Isoflurane 49°C 240

« Agent specific: Although all vaporizers used
nowadays are agent specific. However, the
agents with similar vapor pressure can be
used interchangeably. For example, halothane
and isoflurane with almost identical vapor
pressure can be used interchangeably with
accurate delivery (Table 2.3).

Sequence of Vaporizers

One machine contains more than one vaporizer at
a time. The agent with lower boiling point should
be placed first, i.e. near to rotameter otherwise
condensed particles will be recovered from the
second vaporizer (Table 2.3).

Safety Features in Vaporizers

« Newer vaporizers are agent specific. They have
special key filling system specific for each
agent.

* ‘There are color code markings mentioned on
vaporizers; the dial knob and filling system
are also of the same color. Color code is: Red
for halothane, Purple for isoflurane, Yellow for
sevoflurane and Blue for desflurane.

* Interlock devices which prevent more than
one vaporizer to be turned on at same time

¢ One-way check valve: 1t is placed just before
machine outlet to prevent backflow effect of
positive pressure ventilation.

OTHER PARTS OF ANESTHESIA
MACHINE

Anesthesia Ventilators

Ventilators in the newer anesthesia work
stations have almost the same features as in ICU
ventilators, i.e. they can work in volume as well as
pressure mode. Majority of the newer machines
prefers ascending bellows over descending bellows
because leaks are better detected in ascending

bellows (they will not ascend, if there is leak while
descending bellows will continue to descend in
the presence of leakage).

Fresh gas flow compensation and fresh gas
decoupling are very important safety feature in
the ventilators used with new machines. They
provide compensation of leakage in fresh gas flow
to maintain stable delivery of preset tidal volume.

Scavenging System

It is the system to eliminate exhaled gases to
minimize the theater pollution.

Maximum permissible concentration of nitrous
oxide in theater is 25 parts per million (ppm) and
that of halogenated agents less than 2 ppm.

Mechanics of Gas Flow in
Anesthesia Machine (Fig. 2.13)

Gases in cylinders are at high pressure. The high
(1st stage/primary) pressure regulator reduces
the pressure to 45-60 psi. The pressure is further
reduced to 15-35 psi by secondary (2nd stage)
pressure regulator. Gases from 2nd stage pressure
regulator reaches the flowmeters where flow is
regulated by rotating the flow control knobs.

These gases mix in a common manifold at the
top of flowmeter; from there they pass through
a vaporizer containing inhalational agent. The
vapors of inhalational agents get mixed in gaseous
mixture which is finally delivered at machine outlet
at a pressure of 5 to 8 psi. The final gaseous mixture
delivered from machine outlet is called as fresh
gas flow. Traditionally this gas flow consists of
66.6% nitrous oxide + 33.3% oxygen + Inhalational
agent.

BREATHING CIRCUITS

Breathing circuits connect patient (either through
endotracheal tube or mask) to the anesthesia
machine. These are divided into open, semiopen,
semiclosed and closed systems.

Open System

Inhalational agent is directly poured over patient
mouth and nostril by placing a wire like mask
(Schimmelbusch mask). Open systems were used
in past for delivery of ether and chloroform. In
current day practice open systems are obsolete
as it is not possible to control the delivered
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Machine outlet

Fresh gas flow

Inhalational
agent

Yoke for oxygen

1. First stage pressure
regulator for oxygen

2. Second stage pressure
regulator for oxygen

Air —N,0

— Flow control
Knobs

3. 1st stage pressure
regulator for nitrous
oxide

4. 2nd stage pressure
regulator for nitrous
oxide

Fig. 2.13: Schematic diagram to show the mechanics of gas flow in anesthesia machine.
A1, A2—yoke of oxygen; B1, B2—yoke for nitrous oxide

o—t—t—o—o O,
Nitrous oxide

Hti—  Fresh gas flow (oxygen + nitrous oxide + inhalational agent)

concentration. Moreover, patient directly exhales
into the atmosphere causing uncontrollable
theater pollution.

If a folded towel is placed over Schimmelbusch
mask to prevent escape of inhalational agent it
constitutes semiopen system which is also no more
used in modern practice.

Semiclosed Circuits

These circuits were described by Mapleson
therefore called as Mapleson circuits. These
are divided into six types: Type A, B, C, D, E, F
(Fig. 2.14). (Because of similarity in character-
istics some authors have classified them in three
groups: A, BC and DEF group).

Type A
Itis also called Magill circuit (Fig. 2.15).

Fresh gases from machine (shown as
continuous line in Fig. 2.15) reach the patient.

Most of the expired gases from patient (broken
lines) are exhaled from pressure relief valve;
however, some of the gases go back into the tubing
(that is why these circuits are called as semiclosed
circuits). These expiratory gases which have gone
back in the tubing may be reinhaled by the patient
in next breath. This is called as rebreathing (patient
rebreathing his/her expired gases). To prevent this
rebreathing, there are recommendations for fresh
gas flow for each circuit; fresh gas flow should be
sufficient enough to push these expiratory gases
out in atmosphere through expiratory valve before
getting delivered to the patient.

For Magill circuit fresh gas flow should be
equal to minute volume to prevent rebreathing in a
spontaneously breathing patient.

If this circuit is used for controlled ventilation
(no spontaneous breathing, patient is on artificial
ventilation) very high flows (3 times of minute
volume or > 20 L) is required and in spite of
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Fig. 2.14: Mapleson circuits

such high flows prevention of rebreathing is still
unpredictable therefore Magill circuit should not
be used for controlled ventilation. It is the circuit of
choice for spontaneous ventilation.

Pressure Relief Valve

It is also called adjustable pressure limiting (APL)
valve, expiratory valve and rebreathing prevention
valve. Most commonly used is Heidbrink type
valve. The expiratory valve should be as near to
the patient to minimize rebreathing and it should
be fully open during spontaneous breathing and
partially closed during controlled ventilation.

Reservoir (Breathing) Bag (Fig. 2.16)

These are attached to anesthesia breathing
circuits to ventilate the patient. Bags with different
capacities are available for various age groups.

Neonates 250 mL
Children (up to 3 years) 500 mL
Children > 3 years 1,000 mL
Adults 2,000 mL

The capacity of bag should be more than the
patient tidal volume.

Lack System

It is a coaxial (containing one tube in other)
modification of Magill circuit with two tubes. Outer
tube is inspiratory and inner tube is expiratory.

Type B

Fresh gas flow inlet brought near APL valve. It did
not offer any advantage therefore no more used.
Functionally, it is almost equally efficient for
spontaneous and controlled ventilation.

Type C (Water’s Circuit)

Corrugated tubing is shortened. It also did not
offer any advantage therefore no more used.
Functionally it is almost equally efficient for
spontaneous and controlled ventilation.

Type D (Fig. 2.17)

APL valve was brought near the bag. It did
not offer any advantage but a modification in
Type D was made by scientist Bain, who
incorporated an inner tube in Type D circuit
making it as coaxial. Fresh gases are delivered
through inner tube so that mixing of fresh gases
and exhaled gases can be minimized. Bain circuit
is most commonly used semiclosed circuit in
anesthesia.

Bain circuit is the circuit of choice for controlled
ventilation. Fresh gas flow for controlled ventilation
is: (i) 1.6 times of minute ventilation at normal
respiratory rates (10-12 breath/min) or (ii) 70-100
mL/kg/min (which is almost equal to minute
ventilation), if respiratory rate is increased to 16
breath/min. Many clinicians prefer (ii) method.

Bain circuit can also be used for spontaneous
ventilation but fresh gas flow requirement is
higher, i.e. 2.5 times of minute volume.
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Adjustable pressure limiting valve (expiratory valve)

Fresh gas inlet— s=bogoocoteoooys i N
machine end LIRSS tosoxcooaitbessSeasal Patient end
Mask
= = Breathing bag 0
H
——— Fresh gas flow
----»--- Expired gases
Fig. 2.15: Magill circuit
Fig. 2.16: Reservoir bags (Breathing bags)
Expiratory valve Outer tube for exhaled gases
Mask

Breathing bag Inner tube for fresh gas flow
Fig. 2.17: Bain circuit (modification of type D)
Advantages of Bain circuit are: » Resistance is less (< 0.7 cm H,0).
¢ Light weight. » Sterilization is easy.

« Corrugated tubingis long (1.8 meters), making
it useful for head and neck surgeries where Disadvantages: Inner tube may become folded
anesthetist is away from patient. or kinked causing obstruction or may get



disconnected. To decrease these complications
the outer tube is made transparent.

Type E (Fig. 2.14)

It is Ayre's T piece with corrugated tubing. It is a
pediatric circuit. As it does not have breathing
bag it cannot be considered complete circuit. It
is basically a circuit only meant for spontaneous
respiration, however can be utilized for controlled
ventilation by intermittently occluding the end of
expiratory limb.

Type F Circuit (Jackson and Rees Circuit)
(Fig. 2.14)

Ayre’s T piece was made complete by attaching a
breathing bag to it by Jackson and Rees. Jackson-
Rees circuit, which is considered as Mapleson F,
is the most commonly used pediatric semiclosed
circuit to be used in children < 6 years of age or
<20 kg.

Fresh gas flow recommendations are similar to
Bains, i.e. 1.6 times of minute volume for controlled
ventilation and 2.5 times for spontaneous
ventilation.

Type E and type F circuits are made valveless
to decrease the resistance (mostly F circuits have
hole in the tail of bag but valve may be present in
some F circuits).

To conclude, semiclosed circuits in terms of
efficiency for spontaneous ventilation: A> DEF > BC
and for controlled ventilation: DFE >BC>A.

B Table 2.4: Summary of semiclosed circuits

Other Semiclosed Circuits

Hafina system: These are modifications of A, B,
C and D. Expiratory valve is replaced by suction
port and ejector flowmeter. This is to decrease the
theater pollution.

Humprey (ADE) system: A single lever changes
from one circuit to other.

For summary of semiclosed circuits see
Table 2.4.

Closed Circuit

In closed circuit (Fig. 2.18) expiratory gases pass
through the expiratory limb to reach canister
containing sodalime. Sodalime absorbs the carbon
dioxide from these expired gases and the same
gases are reused by the patient. Since no gases are
venting out in atmosphere these are considered as
closed circuits.

Inspiratory
tubing

Pressure
relief valve

Mask
Expiratory tubing

Type A (Also called as  Equal to minute volume Very high flow

Magill circuit)

Type C (Also called as 2 x minute volume
Water’s circuit)

3 x minute volume

Type E (Ayre's T piece) 2.5 x minute volume

(3 x minute volume)

2.25 x minute volume

Circuit of choice for spontaneous
ventilation, should not be used for
controlled ventilation

No more used

Pediatric, incomplete circuit

Note: If fresh gas flow for Magill circuit is asked without being mentioned for spontaneous or controlled ventilation, it
should be considered equal to minute volume as it is circuit of choice for spontaneous ventilation. Similarly for Bain's
circuit, it should be considered 1.6 times of minute volume as it is circuit of choice for controlled ventilation.
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As the same gases are being reused, only the
oxygen consumed by body need to be replaced
requiring very low flows and that is why the
anesthesia given with closed circuit is called as
Low flow anesthesia.

There are two types of closed circuits, circle
system which is commonly used and to and
fro system which is no more used.

In human beings, the closed circuit system was
first introduced by Water’s in 1923.

COMPONENTS OF CLOSED
CIRCUIT (FIG. 2.19)

Carbon Dioxide Absorbents

Sodalime

Sodalime is the most commonly used CO,
absorbent. The reaction between sodalime and
CO, is exothermic therefore heat and water is
produced during the reaction.

Composition of sodalime: Although the compo-
sition may vary in different countries or between
the companies with in same country, the standard
traditional composition of soda lime is:

« Ca(OH), : 94%
» NaOH 5% (NaOH acts as catalyst)
« KOH 1%

Oxygen analyzer

Inspiratory valve

Expiratory valve

Inspiratory tubing

Expiratory tubing

e Color indicator: Color indicator indicates
whether the sodalime is fresh or has been
exhausted. Different countries uses different
color indicators, however in India, the most
commonly used absorbent is Durasorb which
is pink when fresh and becomes white on
exhaustion. Few of the centers have started to
use ethyl violet which is white when fresh and
becomes purple on exhaustion.

« Silica (to prevent dust formation)

Properties of sodalime granules (Fig. 2.20):

* Hardness of granules should be more than 75,
otherwise, there may be dust formation which
may be inhaled by patient. Sodalime is made
hard by adding silica.

e Moisture (14-19%) is needed for carbon
dioxide absorption.

+ Size of sodalime granules is 4-8 mesh (or
3-6 mm).

* As reaction takes place on surface of granule,
air space should be >50%.

» 100 g of sodalime can absorb 24-26 L of carbon
dioxide.

Barylime

Barylime, which has 80% Ca(OH), and 20%
Ba(OH),, has been withdrawn from the market
because of the possibility of life-threatening fire

APL valve

Sodalime (indicator is ethyl violet)

Fig. 2.19: Components of closed circuit (For color version, see Plate 1)
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Fig. 2.20: Sodalime canister

and explosions in breathing circuits with sevoflu-
rane (In experiments, absorber temperatures has
been seen to reach > 200°C).

Reaction of Sodalime/Barylime with
Inhalational Agents

¢ Sevoflurane by reacting with sodalime and
Barylime can produce compound A which is
nephrotoxic. The factors which can increase
the production of Compound A are:
Low-flow (< 2 L/min.)
- Higher concentrations of sevoflurane
- Type of absorbent (Barylime > Sodalime)
- Higher absorbent temperatures
Fresh absorbent
e Desiccated (dry) sodalime and barylime
(Barylime > Sodalime) can produces carbon
monoxide with the following inhalational
agents in decreasing order- Desflurane >
> Isoflurane >> halothane = Sevoflurane.
Desiccated sodalime can cause burns of
respiratory mucosa with sevoflurane by
producing hydrogen fluoride
¢ Trielene byreacting with sodalime can produce
dichloroacetylene (which is neurotoxic) and
phosgene gas (which can cause ARDS).
* Methoxyflurane and halothane can react with
the rubber tubing of closed circuit.

Amsorb (Also Called as Calcium
Hydroxide Lime)

It is a new carbon dioxide absorbent containing
calcium hydroxide and calcium chloride.
Amsorb neither produces compound A nor
carbon monoxide with desiccated sodalime and
barylime.

The disadvantage of Amsorb is its high cost
and less absorptive capacity (almost half of
soda-lime).

Lithium Hydroxide

Like Amsorb lithium-based absorbents do not
produce compound A and carbon monoxide.
Moreover, they are believed to have more
absorbing capacity than soda lime, however, they
are more expensive and can cause burns of skin
and respiratory tract.

Other Components of Closed Circuit

« Expiratory and inspiratory tubes

*  Expiratory and inspiratory valves: These valves
maintains the unidirectional flow of gases and
ensures that expiratory gases does not enter
the inspiratory limb and vice versa.

¢ Oxygen analyzer: It is fitted in the inspiratory
limb. It is one of the most important safety
measures as it measures the final delivered
concentration of oxygen to the patient. The
oxygen analyzers used in most of the modern
machines are electrochemical. Oxygen passes
through the sensor membrane (galvanic cell or
polarographic cell) gets reduced and generates
current. The rate at which current is generated
is proportional to the partial pressure of
oxygen which is converted into percentage by
software.

* Flow sensor: The use of flow sensors is
considered mandatory by American Society
of Anesthesiology. It is connected at the end
of breathing circuit. It collects a sample from
expiratory gases and deliver it to monitor to
measure:

The concentration of expired carbon
dioxide (ETCO,) and inhalational agents
To measure expired tidal volume,
respiratory rate and airway pressures.
New monitor not only measures the
volume and pressure but also display the
pressure and volume graphs.
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B Table 2.5: Comparison between closed and semiclosed systems

Advantages Disadvantages

+ Economical (same gases and inhalational agent can be reused) - Not economical (requires very high gas flows)

+ Less theater pollution « High theater pollution

- Humidity is well preserved (reaction between CO, and sodalime « Humidity not preserved (water content of dry
produces water) 100% O, is 0 mg/L)

- For conditions in which there is very high production of CO, - Cannot eliminate such high CO, levels
only closed circuit can eliminate such high CO, (e.g. malignant

hyperthermia)
Disadvantages
+ Heavy weight due to tubing, canister and accessories

Advantages
« Light weight

- If sodalime gets exhausted or expiratory valve gets stuck there + No such risk

can be dangerous hypercapnia

« Production of toxic compounds like dichloroacetylene and - No such possibility
phosgene gas with trielene and compound A with sevoflurane

+ Desiccated sodalime/Barylime can produce carbon monoxide « No such possibility
with desflurane (and other agents) and burns of respiratory tract

with sevoflurane
« Cross-infection from apparatus may occur + Chances are less
- Breathing resistance and dead space is high « Less
« As low flows are used so high level of monitoring is essential + More useful when only basic monitoring is
available

Flow sensor is one of the most important
safety measure to detect life-threatening
complications such as ventilatory failure,
extubation, bronchospasm, etc.

Factors affecting carbon dioxide absorption in

closed circuit:

* Freshness of sodalime

e Tidal volume of patient: Tidal volume should
be equal or less than airspace otherwise
large tidal volumes will pass through canister
without CO, being absorbed.

*  High flows: High flows allow less time for CO,
absorption.

¢ Dead space: Increased dead space in canister
decreases the CO, absorption.

* Inadequatefilling of sodalime: Tooloosely filled
sodalime allows gas to pass through the gap
between sodalime granules and canister wall
without absorption, this is called channeling.
Too tightly filled sodalime decreases air space
decreasing CO, absorption.

e Resistance to outflow: Increasing the resis-
tance to outflow permit gases to remain in

contact of sodalime for more time, and thus
allowing more CO, absorption.

Universal F

It is a single limb closed circuit intended to

decrease the cumbersomeness of circle system.
For comparison between closed and semi-

closed systems see Table 2.5.

CHECKING OF ANESTHESIA
MACHINE AND CIRCUITS

Although many of the latest machines provides a
series of automatic self-check tests but a manual
comprehensive tests must be performed before
using anesthesia machine to avoid any mishap.
The checking should begin from high pressure
system up to breathing circuits.

High Pressure System

« Open oxygen cylinder and ensure that it is at
least half full (Pressure> 1000 psi).



* Verify that hoses for central supply are
appropriately connected and pressure gauges
for central supply should read 50-60 psi
(depending on country).

Low Pressure System

Ensure that gases are flowing smoothly in
rotameter.

Open singular flow of nitrous oxide to see the
integrity of oxygen nitrous oxide proportioning
system and fail safe valve. Machine should not
allow singular flow of nitrous oxide.

Test to Detect Leaks in Low Flow System

Positive Pressure Test

Open oxygen flow and occlude machine outlet.
If there is no leak, then due to back pressure the
height of float (bobbin) should drop and should
bounce back to normal after releasing occlusion.
The limitation of this test is that it cannot be
performed in machine which have back pressure
valve just before machine outlet (which is installed
to prevent back pressure effects of positive pressure
ventilation on vaporizer output).

Negative Pressure Test

Off all flows and attach a suction bulb to machine
outlet. Keep on squeezing till, it collapses com-
pletely. This will generate a negative pressure in
machine. If there is leak, then air will be sucked in
leading to inflation of bulb otherwise, it will remain
collapsed. If its remains collapsed > 10 seconds, it
should be considered that there is no leak. Do the
same test by opening each vaporizer (there may
leakage in vaporizer). As it can be done, even if
there is back pressure valve and is most sensitive
of all tests to detect leak (can detect leak as low as
30 mL), therefore called as universal leak test.

Check for Breathing System

¢ Check completeness of all attachments.

* Close APL valve and occlude end of breathing
circuit (Y piece in case of closed circuit) with
finger and flush system with oxygen to attain
a pressure of 30 cm H,O0. If same pressure is
maintained for > 10 seconds that means there
is no leak.

If opening of APL valve releases pressure
that means APL valve is intact. Site of leak can be
detected by soap bubble solution.

Final Check for Whole System

Attach a breathing bag (called as test lung) at
the end of circuit. Start flow at 5 L/min. and start
ventilation (with bag or ventilator). Bag should
expand and collapse like a normal lung.

Checking the Accuracy of Oxygen
Analyzer

Since it tells the final delivered concentration
of oxygen to the patient therefore checking its
accuracy is very vital. It should show 21% when
exposed to air and > 90% when the system is
flushed with oxygen.

Set alarms limits, check all monitors and do
the ventilator settings before starting the case.

SAFETY FEATURES OF ANESTHESIA

DELIVERY SYSTEMS
« Antistatic rubber tyres (to prevent current
flow).

¢ Pin index system to prevent wrong cylinder
placement and diameter index safety system
to prevent wrong fitting of central supply
pipelines.

» lststage and 2nd stage pressure regulators.

« Fail safe valve (stops or decreases flow of other
gases, if oxygen pressure falls).

*  Oxygen failure alarms.

« Color coding of flow control knobs.

« Different physical appearance of oxygen knob.

*  Oxygen-nitrous proportioning devices.

* Fluorescent back panel of rotameter (to be
visualized in darkness).

* Oxygen flowmeter tube placed most
downstream.

+ Trielene lock for closed circuit (in old
machines).

* Pressure relief valve (open when there is
excessive pressure in machine).

e Oxygen flush can deliver high flow in
emergency.

*« One way valve before machine outlet to
prevent backpressure effects of positive
pressure ventilation.

* Oxygen analyzer to detect final delivered
concentration of oxygen to patient.

» Flow sensors to detect ventilatory failure,
disconnections, Extubation, Bronchospasm,
etc.
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KEY POINTS

= The color of oxygen cylinder is black body with white shoulders (top) and pressure is 2,000 pounds per square
inch (psi).

= Nitrous oxide is stored in blue color cylinders at a pressure of 760 psi.

s Entonox is the mixture of 50% oxygen and 50% nitrous oxide.

s Pin index system is to prevent the wrong fitting of cylinders while diameter index safety system is to prevent
the wrong fitting of central supply pipe lines.

s Fail safe valve, oxygen-nitrous oxide proportionater and oxygen tube placed most downstream are to decrease
the possibility of delivery of hypoxic mixture to patient.
Upper end of bobbin determines the flow rate in rotameter.
Aladin cassette vaporizer is the latest vaporizer, which can be used to deliver all inhalational agents.
Magill circuit is the circuit of choice for spontaneous ventilation. Fresh gas flow should be kept equal to minute
volume to prevent rebreathing in a spontaneously breathing patient.

= Bain circuit is the circuit of choice for controlled ventilation. Fresh gas flow for controlled ventilation is 1.6 times
of minute ventilation.
Jackson Rees (Mapleson F) is the most commonly used semiclosed circuit for children.
Sevoflurane by reacting with sodalime and barylime can produce compound A.
Desiccated (dry) sodalime and Barylime (Barylime > Sodalime) can produces carbon monoxide with the
following inhalational agents in decreasing order: Desflurane > > Isoflurane >> halothane = Sevoflurane.
Desiccated sodalime can cause burns of respiratory mucosa with sevoflurane by producing hydrogen fluoride.
Amsorb neither produces compound A nor carbon monoxide with desiccated sodalime and Barylime.
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EQUIPMENT FOR AIRWAY
MANAGEMENT

AIRWAYS

The aim of airway is to prevent the tongue fall.
Most commonly used is Guedel airway (Fig. 3.1).
The tip, inserted between tongue and posterior
pharyngeal wall prevents tongue falling back on
posterior pharyngeal wall, and thus maintaining
the patency of airway. Airways are available in
many sizes. The appropriate length is the distance
between tip of nose and tragus plus 1 cm.

Nasal airways are also available which are
inserted through nostril.

FACEMASKS (FIG. 3.2)

Facemask is used to ventilate the patient without
intubation. They are available in sizes from 0
(smallest) to 6 (largest). Facemask should be made
of antistatic rubber. At the bottom of mask, there is
air-filled cuff which has soft cushioning effect.

As the plastic masks are transparent allowing
visualization of cyanosis and secretions they are
preferred over rubber masks.

As mask ventilation carries many disadvant-
ages, it can be used only as a tide over phase till
definite airway (intubation) is accomplished. The
disadvantages of mask ventilation are:
¢ Dead space volume is increased
* Ventilation with mask is tiring
« Asignificantamountofairleaksinto esophagus

and can easily increase the intragastric

pressure significant enough (> 28 cm H,0) to
cause aspiration.

Fig. 3.1: Guedel’s oropharyngeal airway
(For color version, see Plate 2)

Fig. 3.2: Facemask (For color version, see Plate 2)

AMBU BAG RESUSCITATOR
(FIGS 3.3 AND 3.4)

AMBU stands for artificial manual breathing
unit. It is used to ventilate the patient. The AMBU




Rubber bag

Unidirectional

Oxygen inlet
Facemask

Fig. 3.3: Components of AMBU bag

Fig. 3.4: AMBU bag (Note there is an option for attaching
reservoir bag and oxygen supply) (For color version,
see Plate 2)

unit consists of one self-inflating bag made up of

rubber or silicone, a non-rebreathing valve and a

mask. Non-breathing valve closes the expiratory

port when the bag is manually squeezed letting
the air inside the bag to pass to facemask.

During expiration, bobin of valve comes to

normal position letting the expired air to void to

atmosphere.

* AMBU bags are available in a capacity of 1,200
mL for adults, 500 mL for children and 250 mL
for newborns.

* 100% oxygen can be delivered by AMBU bag by
attaching oxygen source and oxygen reservoir.

LARYNGOSCOPES (FIG. 3.5)

Laryngoscope is used for visualizing the glottis to
facilitate intubation. Laryngoscopy may be direct
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Fig. 3.5: Macintosh laryngoscope
(For color version, see Plate 2)

where glottis is directly visualized or indirect where
glottis is visualized through optic channels. Based
on method of laryngoscopy, laryngoscopes has
been classified as: (1) Direct rigid laryngoscopes;
(2) Indirect (fiberoptic) rigid laryngoscopes;
(3) Flexible (fiberoptic) laryngoscopes.

Direct Rigid Laryngoscopes

Direct rigid laryngoscope consists of a handle

(containing 2 batteries), a blade with a bulb. They

are named on the shape of the blade. Although

there are number of laryngoscopes available in the
market, however, the most common in use are:

*  Macintosh (Fig. 3.5): It is most commonly used.
It has curved blade and is available in 4 sizes;
smallest for children and largest for adults with
long necks.

¢ McCoy: It has got a movable tip, which can be
used to maneuver the glottis (Fig. 3.6).

e Miller: 1t has a straight blade with curve at the

tip.
Blades for Infants and Newborns

*  Magill: Magill is straight blade used for
neonates. Neonatal epiglottis is large, leafy
and more anterior, therefore it need to be lifted
by straight blade to visualize glottis (Adult’s
epiglottis just need to be pushed anteriorly,
therefore curved blade is used).

»  Oxford infant blade: Used for infants.

Indirect Rigid Laryngoscopes (Fiberoptic)
In this technique, the glottis is not visualized
directly but through the fiberoptic channels. The

A




Fig. 3.6: McCoy laryngoscope
(For color version, see Plate 2)

Optic channel

Fig. 3.7: Bullard laryngoscope
(For color version, see Plate 2)

classical example of such laryngoscope is Bullard
laryngoscope (Fig. 3.7). WuScope is another
commonly used indirect laryngoscope, which has
a channel for guiding endotracheal tube.

Video Laryngoscopes (Fig. 3.8)

Video laryngoscopes (VLs) are just one step ahead,
where the video of the real time refracted image of
glottis is obtained on a screen. Some of the video
laryngoscopes have the option to obtain the image
on any laptop or smart phone screen.

Studies have reported intubation success rates
of 94-99% for video laryngoscopy as a rescue
modality after failed direct laryngoscopy.

Although like direct laryngoscopes, video
laryngoscopes are also available in different

Fig. 3.8: C-MAC laryngoscope and picture of glottis seen
on screen (For color version, see Plate 3)

Fig. 3.9: Flexible fiberoptic laryngoscope

shapes of blades such as highly curved or distally
angulated, however, the most commonly used and
prototype is C-MAC the design of which is based
on the Macintosh blade (Fig. 3.8).

Flexible Laryngoscopes/Bronchoscopes
(Fiberoptic) (Fig. 3.9)

Intubation done under the guidance of fiberoptic
laryngoscope/bronchoscope is called as flexible
scope intubation (FSI). It is considered as gold
standard technique for the management of
difficult/ failed intubation. It is less traumatic,
does not require any specific position of neck
and can be performed in awake patients. The
limitations are cost, technical expertise and time
consuming.




Complications of Laryngoscopy

e Dental injury: Most vulnerable are upper
incisors.

« Damage to soft tissues and nerves.

« Injury to cervical spinal cord in case of
aggressive manipulation of pre-existing injury.

¢ Hemodynamic alterations: Tachycardia,
hypertension and cardiac arrhythmias.

« Breakage and aspiration of bulb.

SUPRAGLOTTIC AIRWAY DEVICES

As the name suggests these devices are placed
above glottis for airway management. These
devices serve as a niche between facemask and
endotracheal tubes. They are so commonly used
in current day practice that we can say that it is an
era of supraglottic devices. The most popular and
most commonly used supraglottic device used is
laryngeal mask airway.

Laryngeal Mask Airways

Laryngeal mask airways (LMA) has been classified
as 1st generation and 2nd generation LMA.

First Generation LMA

Classical LMA: Discovered by Archie Brain,
therefore also called as Brain Mask. It is placed
blindly in oropharynx and the cuff is inflated with
large volume of air (30 to 40 mL for adult size)
(Fig. 3.10). Inflated cuff seals the lateral and
posterior pharyngeal walls, and patient can be
ventilated through ventilation ports.

LMA are available in 7 different sizes (in some
countries 8th size is also available)—the smallest
one for neonate and largest for large adults.

1 Upto5kg 4mL
IR e s R
2 10-20 kg 10 mL
SRR R L R
3 30-50 kg 20 mL
PR NG ek
5 >70kg 40 mL
(or 70-100 kg)

LMA tube

Pilot to inflate cuff

Ventilation ports

Fig. 3.10: Laryngeal mask airway (Classic)
(For color version, see Plate 3)

Indications

* As an alternative to intubation where difficult
intubation is anticipated.

* Securing airway in emergency situations
where intubation and mask ventilation
becomes impossible.

« As an elective method for minor-to-moderate
surgeries where anesthetist electively wants to
avoid intubation.

* As a conduit for bronchoscopes, small size
tubes and gum elastic bougies.

Advantages

» Easy to insert (even paramedical staff can
insert).

+ Doesnotrequire any laryngoscope and muscle
relaxants.

« Does not require any specific position of
cervical spine, therefore can be used in cervical
injuries.

* Less sympathetic stimulation as compared to
intubation

» Complications of intubation can be avoided

» Patient awakening is smooth as compared to
intubation

« Reusable (up to 40 times)

Disadvantages/Complications

* As air can leak into the esophagus, LMA
increases the risk of aspiration. Moreover, if
there occurs gastric distension due to leakage
of air in esophagus it is not possible to decom-
press the stomach as there is no place to pass



suction catheter/Ryles tubes because of the
occupation of oropharynx by the cuff of LMA.

* Can cause laryngospasm and airway obstruc-
tion, if displaces anteriorly.

* Trauma to oral cavity and injury to hypoglossal
and lingual nerve, if excessive pressures are
being used. The cuff pressure for LMA should
be kept between 40-60 cm H,O

*  Sore throat—incidence is 10-20%

Contraindications

* Full stomach patients.

+ Hiatus hernia, pregnancy (where chances of
aspiration are high).

* Oropharyngeal abscess or mass.

LMA Unique: It is single use disposable LMA

LMA Flexible: The tube of LMA is enforced with a
wire making it flexible, i.e. nonkinkable making it
useful for head and neck surgeries.

Second Generation LMA

Second generation LMA provides better seal

thereby decreasing the chances of aspiration.

» Intubating LMA (also called as LMA Fastrach):
Up to 8 no. endotracheal tube can be guided
through it (Fig. 3.11).

*  Proseal LMA: Tt has larger and posterior cuff,
which provides better seal. Moreover, it has
drain tube which can be used to deflate the
stomach (Fig. 3.12).

*  Supreme LMA: Supreme LMA is like proseal
LMA with a bite block to avoid damage to LMA
tube, if the patient bites (Fig. 3.13).

*  I-Gel: As the name suggests the cuff is prefilled
with gel avoiding the complications of air
filled cuff such as cuff leakage, damage and
puncture. Like Proseal, I-gel also contains a
drain tube, which can be used to deflate the
stomach (Fig. 3.14).

¢ LMA C-Trach: Like video laryngoscopy, the
LMA is attached to screen to visualize the
structures (Fig. 3.15).

Other Supraglottic Devices

The success of LMA has led to manufacturing of
number of similar devices but none could replace
LMA. Out of > 10 kind of supraglottic devices, few
which are used are:

g
H
¥

Fig. 3.11: Intubating LMA (Note a single port which
allows the passage of endotracheal tube)

Tube
for gastric
deflation

Fig. 3.12: Proseal LMA

Drain for stomach decompression

Bite block

Outlet of drain for
gastric deflation

Fig. 3.13: LMA supreme



Fig. 3.14: |-Gel (For color version, see Plate 3)

Fig. 3.15: LMA C-Trach (For color version, see Plate 3)

Peripharyngeal airway (Cobra-PLMA) (Fig. 3.16):
It has high volume oval cuff, which seals the
hypopharynx while patient can be ventilated
through the ventilation slots at the tip.

Combitube: It is double lumen tube used for
providing patent airway in emergency and difficult
intubation. It was popular in past but due to high
rate of complications, it is hardy used now a day.

INFRAGLOTTIC AIRWAY DEVICES

As the name suggests, they are placed below the
glottis. These devices are further classified as
definitive and emergency airway management
devices. Definitive airway management devices
include endotracheal tube and tracheostomy,
while infraglottic emergency airway includes
cricothyroidotomy.

Fig. 3.16: Peripharyngeal airway

Definitive Airway Management Devices

Endotracheal Tubes

Endotracheal tubes have 2 ends, proximal end
(machine end) and distal end (patient end).
Patient end is beveled with angle of 45° in oral
tubes and 30° in nasal tubes. They are mainly of
two types, red rubber and PVC (Table 3.1).

The endotracheal tubes may be uncuffed or
cuffed (Figs 3.17A and B).

Technique of Intubation

The patient should lie supine. There should be
extension at atlanto-occipital joint and flexion
at cervical spine (Fig. 3.18). This position is
achieved by putting a 6 to 8 cm thick pillow under
the occiput. The laryngoscope blade should be
inserted from right side of mouth and advanced
slowly displacing the tongue to left until epiglottis
is visualized. Once the epiglottis is visualized, it
is lifted anteriorly to visualize the glottis. Once
the glottis is seen the endotracheal tube is passed
between the cords.

The cuff is inflated and the cuff should be
well below vocal cords in adults. The position of
tube is verified by capnography and auscultation
over chest for air entry. The tube should be well
secured at the angle of mouth with adhesive tape
or bandage.

Cuff

The aim of inflating the cuffis to prevent aspiration.
Usually, 4-8 mL of air is required to fill the cuff.
During cuff inflation, ensure cuff pressure to be
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W Table. 3.1: Comparison of red rubber and PVC
endotracheal tubes.

- Costlier

« Cuff: Hih pressure an -
low volume. Because

+ Cuff: Low pressure and
high volume. Because of

of this high pressure the low pressure, these
cuff chances of tracheal tubes produce less
injury is more tracheal injury

+ Transparent therefore
secretions and mist can
be visualized

+ Nontransparent

« Slightly more rigid so
does not conform to the
anatomy of airways

« Easily conforms to the
anatomy of airways

« It contains preservative =~ —
lead (which imparts red
color to these tubes)

less than 30 cm H,0 to prevent tracheal ischemia.
Cuff should be filled with saline (instead of air)
when tube is used for laser surgeries, surgeries at
mines and when hyperbaric oxygen is used. The
cuff should be 2-2.5 cm below the vocal cords.

The traditional approach of not using cuffed
tubes in children up to 10 years does not hold true
in present day practice (for details see Chapter 29,
page no. 237).

Endotracheal Tube and Dead Space

As the endotracheal tube by passes the dead space
constituted by nasal pathways, anatomical dead is
reduced by almost 50% (70 mL).

Deciding the Size of Endotracheal Tube

For a normal healthy male usually 8.5 number
(means internal diameter 8.5 mm) tube is used,
while for normal healthy female usually 7.5
number tube is used. In children, the size of
endotracheal tube is as follows:

* Prematures “2BN0,
¢« 0-6 months 3-3.5 no.
« 6 monthsto 1vyear : 3.5-4 no.

¢ For children 1 year to 6 years, the size is
calculated by formula:

Age (in years
Age(inyeas)
3
¢ For children > 6 years:
Age (in years
R i s D
4
Patient end Machine end
Murphy eye Inflating tube
Pilot balloon Tube connector

Figs 3.17A and B: Cuffed endotracheal tube (PVC type) (For color version, see Plate 3)




Fig. 3.18: Position for laryngoscopy (extension at
atlanto-occipital joint and flexion at cervical spine)

For example, for a 5-year-old child, the tube

size required will be:

5/3 +3.5 = 1.6 + 3.5 = 5.1 (means 5 number

tube).

Smallest size of tube available is 2.5 mm and
the largest is 10.5 mm.

Deciding the Length of Tube

Optimal length is the length at which air entry is
equal on both sides of the chest. Usually, it is 23
cm in adult males and 21 cm in adult females. In
other words, tip of the tube should lie 4-5 cm above
the carina (distance between incisors and carina is
26-28 cm). A rough guide is that length is twice the
length from tip of nose to ear lobule.

« Inchildren, the length of oral tube is calculated

by formula:

Age (in years)
————+12cm

For calculating length for nasal intubation
3 cm is added to oral length.

Example: For 5-year-old child length will be:

5
=—+12
2

=25+12cm
=14.5cm.
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Reflex Response to Laryngoscopy

and Intubation

» During laryngoscopy, there occurs sympa-
thetic stimulation which can cause tachyar-
rhythmia and hypertension.

« Intubation can precipitate laryngospasm,
particularly if airways are hyper-reactive or
patient is in light anesthesia.

*  Methods which can be used to blunt these
responses are:

Adequate depth of anesthesia, opioids (Opioid
of choice is sufentanil), Intravenous/topical
lignocaine, B-blockers (esmolol)/calcium-channel
blockers.

Other Types of Tubes in Common Use

RAE preformed tubes (RAE after the name of

3 scientists—Ring, Adair and Elwyn) (also

popularly called as oxford tubes)

*  South facing: Used for upper lip, palate and
upper dental surgery.

* North facing: Used for lower lip, tongue or
lower dental surgery.

Spiral embedded (also called as flexometallic
tube): These are non-kinkable, non-collapsible,
and therefore are very useful for head and neck
surgeries where acute flexion/extension of neck is
required.

Microlaryngeal and laryngotracheal surgery
tube (MLT, LTS tubes): Used for microlaryngeal
surgeries (these are small size tubes with cuff).

Double Lumen Tubes (Fig. 3.19)

Double lumen tubes (DLT) are used when one
lung ventilation/lung separation is required. Most
commonly used DLT is Robert Shaw disposable
DLT. They have two lumens, tracheal lumen and
bronchial lumen. Based on bronchial lumen, they
are named right sided (means bronchial lumen
in right bronchus) or left-sided (means bronchial
lumen in the left bronchus).

Indications for One Lung

Ventilation/Lung Separation

Absolute: (1) To prevent spillage of contents of one
lung (like pus, blood) to other side; (2) Unilateral
lavage to prevent spillage of lavage fluid to healthy
lung; (3) Massive bronchopleural fistula or large
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Fig. 3.19: Double lumen tube (Note 2 cuffs, 2 pilot system
and 2 ventilation ports) (For color version, see Plate 4)

cyst/bulla where positive pressure ventilation can
cause pneumothorax.

Relative: Any surgery on the lung (or thoracic
aorta or esophagus) is considered as relative.

Complications of Double Lumen Tubes

*  Hypoxia: The most common cause of hypoxia is
ventilation perfusion mismatch (non-ventilated
lung behaves like shunt). Malposition of tube
(bronchial lumen in wrong bronchus) used
to be the most common cause of hypoxia
however the confirmation of position of Double
lumen tube by bronchoscopy has significantly
reduced the incidence of malposition.

*  Trauma to larynx.

*  Bronchial rupture: Due to over inflation of cuff
in bronchus.

NASAL INTUBATION

Indications for Nasal Intubation

*  Oral surgery

*  Oral mass

+ Inadequate mouth opening due to any cause
like fracture mandible, Temporomandibular
joint ankylosis, Ludwig angina, quinsy,
tetanus, post-burn contractures.

* For awake intubation, nasal intubation is
preferred over oral intubation.

« When tube is to be kept for prolonged periods
in intensive care units and patient is going
to remain awake most of the time nasal tube
is preferred because it is better tolerated by
patient.

Advantages of Nasal Intubation
Over Oral Intubation

* Better fixation and therefore less chances of
accidental Extubation.

» No possibility of tube occlusion by biting.

¢ Oral hygiene can be better maintained.

* Better tolerated by the patient.

Disadvantages

» Increased chances of bleeding and trauma to
nasal structures (to avoid trauma to inferior
turbinate bevel of the tube should be towards
the septum).

» Increased chances of bacteremia (sinusitis,
otitis, meningitis).

+ Nasal deformities on long-term use.

Contraindications for Nasal Intubation

»  Basal skull fractures and CSF rhinorrhea (there
have been case reports of tube slipping into
cranium and also CSF leak into nose can cause
meningitis).

* Bleeding disorders (nasal and septal mucosa
are highly vascular areas).

* Nasal polyp, abscess, foreign body.

¢ Adenoids

* Previous nasal surgery (relative contraindi-
cation).

Contraindications for Both Nasal
and Oral Intubation

As such, there is no absolute contraindication to

intubation. The very simple rule is “intubate where

you can’, therefore the relative contraindications

are:

* Laryngeal edema—may get aggravated by
intubation

* Acute epiglottitis and laryngotracheobronchi-
tis—As airways are hyper-reactive intubation
can precipitate laryngospasm.

Checking for Correct Position of Tube

* Auscultation of chest for air entry.

* Characteristic feel of bag.

¢ Chestinflation on positive pressure.

*  Capnography (measuring end tidal CO,): 1t is
the surest sign.

»  Fiberoptic bronchoscopy:Itis also confirmatory
but practically not feasible in every case.



Complications of Intubation

Perioperative

» Esophageal intubation: This is a hazardous
complication. If not detected in time can cause
severe hypoxia and death.

* Ischemia, edema and necrosis at local site
(especially with red rubber tubes).

» Aspiration (if cuff is not properly inflated).

¢ Bronchial intubation and collapse of other
lung.

¢ Tracheal tube obstruction by secretions,
kinking. If not detected in time can cause
hypoxia.

¢ Accidental extubation,

e Trauma to gums, lip, epiglottis, pharynx,
larynx and nasal cavity (in nasal intubation).

« Reflex disturbances such as laryngospasm,
bronchospasm, tachyarrhythmia and hyper-
tension

Postoperative

e Sore throat (pharyngitis, laryngitis): This is
the most common postoperative complication.
It usually subsides in 2-3 days without any
treatment.

* Laryngeal edema (usually present after 1 to
2 hours).

« Laryngeal nerve palsies.

e Surgical emphysema, mediastinal emphy-
sema.

» Infection: Pneumonia, lung abscess, medi-
astinitis.

* Lung atelectasis.

Delayed Complications

* Vocal cord granuloma.

» Laryngotracheal web.

» Subglottic or tracheal stenosis.
¢ Tracheal collapse.

Delayed complications usually occurs after
prolonged intubation in intensive care patients.
Therefore, maximum permissible time for which an
endotracheal tube can be kept is 14 days.

Extubation

Extubation is performed when adequacy of
respiration is maintained. Extubation should be
performed during inspiration (when the laryngeal
opening is maximum).
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Complications at the Time of Extubation
¢ Aspiration.

e Laryngospasm and bronchospasm.

* Trauma to airways.

« Hypoxia (If extubation is premature).

Tracheostomy

Indications

« As an elective procedure where prolonged
ventilation is required.

+ Asaswitch over procedure from intubation.

» Excessive secretions leading to blockage or
frequent change of endotracheal tube.

* As an alternative when intubation is not
possible.

« Upper airways obstruction due to laryngeal
edema, impacted foreign bodies, laryngeal
trauma, Vocal cord paralysis, Ludwig angina,
quinsy, laryngitis.

« For laryngeal surgeries.

Tracheostomy Tubes

»  Silver tubes: Not used now-a-days.

»  Cuffed plastic tubes: These are most commonly
used. Cuffs should be high volume, low pressure

e Montgomery T-tube or Olympic tracheal
button: These devices have no cuff, so they
produce less tracheal injury and allow air to
pass through mouth for speech.

« Fenestrated tubes for speaking.

Complications

Early Complications

« Malpositioning of the tube during insertion.
» Hemorrhage.

« Surgical emphysema.

* Pneumothorax.

« Injury to trachea, larynx.

Late Complications

« Blockage of tube due to secretions can cause
severe hypoxia.

» Infection.

« Tracheal ulceration.

Delayed

« Tracheal stenosis at the cuff site or at stoma:
To avoid this complication, low cuff pressure
(< 15 mm Hg) is advocated.
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+ Tracheal web.
« Tracheal dilatation.

Care of Tracheostomy Tube

* Careful, aseptic suctioning of secretions
at regular intervals should be done. Inner
cannula should be changed every 4-6 hours.

» Adjustment of cuff pressure to keep it below
15 mm Hg.

¢ Humidified oxygen.

» Strict asepsis at the time of change. First
change should not be done before 5 days as
stoma takes 5 days to establish completely and
change before this time can create false tract.

« Conscious patient should be given a bell,
pencil and paper.

Minitracheostomy

Useful in emergency situations. Special sets are
available. A stab is given in trachea and small size
tube is inserted.

Emergency Infraglottic Airway Devices

Cricothyrotomy

Useful in life-threatening situations. Incision is
given in cricothyroid membrane. Disadvantages
are injury to cricoid cartilage and larynx.

Needle Cricothyrotomy

A needle or cannula 12G or 14G is inserted at
cricothyroid membrane and oxygen is provided by
flushingathigh rate or byjetventilation. Inspiratory
and expiratory rate is keptat 1 : 4 instead of normal
1: 2 allowing for passive expiration through narrow
channel.

OTHER EQUIPMENT

OXYGEN DELIVERY SYSTEMS IN
NON-INTUBATED PATIENT

Classification

*« High flow (fixed performance) delivery
systems.

¢ Low flow (variable performance) delivery
systems.

High Flow Delivery System

These devices are fixed performance devices
because their output is not affected by the

changes in patient’s tidal volume and respiratory
rate and therefore they deliver accurate oxygen
concentration (error is 1-2%). As they are more
accurate in oxygen delivery they are more effective
in treating hypoxemia than low flow systems. The
major limitation of high flow system is low patient
acceptance (due to high flow).

High flow system includes Venturi mask,
special nebulizers and high airflow blenders.
Among these Venturi mask is most commonly
used. It works on Venturi principle which states
that if a gas is passed through a narrow orifice at
high pressure it creates shearing forces around the
orifice which entrain room air in specific ratio.

Venturi masks are available in different colors.
For example, blue color delivers minimum, i.e.
24% oxygen and green color delivers maximum
i.e. 60% oxygen.

Low Flow Oxygen Delivery Systems

‘These are variable performance devices, i.e. their
performance gets changed with the changes in
patient respiratory parameters. As their output
varies they are less accurate and less reliable in
terms of oxygen delivery. Therefore, they can be
used only used for stable patients.

Low flow systems include nasal cannula,
simple oxygen mask (also called as Mary Carterall
or Hudson mask), Non-rebreathing mask,
rebreathing mask and polymask.

As they are well tolerated by the patients,
therefore are frequently used in wards, however,
not for very critical patient where accuracy is more
important than comfort.

Maximum concentration of oxygen that can be
delivered by oxygen mask is 60% (at a flow of 7-8 L)
and by nasal cannula is 44% (at a flow of 6 L/min.).
Non-breathing mask with oxygen reservoir can
deliver as high as 80-100% of oxygen and therefore
is now preferred over Venturi mask by majority of
clinicians.

Extracorporeal Oxygen
Delivery Systems (Oxygenators)

As the name suggests, the gas exchange takes place

outside the body. These oxygenators are the part

of cardiopulmonary bypass (heart lung machine).

Two types of oxygenators in current use are:

1. Bubble oxygenators where oxygen is pushed
with pressure from below to the blood chamber




in the form of bubbles. These bubbles can
cause damage to blood cells, therefore bubble
oxygenators are not preferred.

2. Membrane oxygenators where blood chamber
and oxygen chamber is separated by a
membrane; oxygen reaches blood by diffusion
through membrane. As there is no damage
to blood cells, membrane oxygenators are
preferred over bubble oxygenators.

HUMIDIFICATION DEVICES

Preservation of humidity is very important. 50%
fall in humidity can cause complete cessation of
ciliary activity. Moreover, dry gases can cause
direct injury to tracheobronchial mucosa.

Various methods used for humidification are:

Humidifiers

Humidifiers can be classified as passive and active
humidifiers.

Passive Humidifier

Also called as artificial nose, condenser humidi-
fier or heat and moisture exchanger (HME) filter
(Fig. 3.20).

These are disposable devices containing
hygroscopic layers which preserve heat and water
of exhaled gases and deliver it in next breath
to the inspired gas. These are placed between
endotracheal tube and breathing circuit. Not only
they preserve humidity, they also act as filter to
prevent contamination. The disadvantage is that
they increases the dead space, resistance and can
get obstructed due to blood or secretions.

Active Humidifiers

These are further classified as non-heated and
heated humidifiers.

Non-heated Humidifiers

These are simple containers (glass/plastic bottles)
containing water. The oxygen is passed over it or
through it and gets humidified. These are used
for delivering humidified oxygen through masks
or nasal cannula. The advantage is that they are
cheap and simple to use but disadvantage is that
they cannot attain 100% humidity (Maximum
humidity that can be achieved is 70-75%).
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Fig. 3.20: Heat and moisture exchanger
(For color version, see Plate 4)

Heated Humidifiers

These are electrically operated, can deliver fully
saturated gases but are expensive and increases
the risk of thermal burns.

Nebulizers

Nebulizers are also called aerosol generators.
They emit water in the form of aerosol (droplets).
These are used for producing humidification and
delivery of drug directly into respiratory tract. They
may be pressure driven or ultrasonic.

The optimal particle size of droplet should be
between 0.5 to 5 um. Particles larger than 5 pm
are too big to reach peripheral airways while less
than 0.5 pm are too light that they come back
with expired gases without being deposited in
airways. Drugs delivered by nebulizers are bron-
chodilators, decongestants, mucolytic agents and
steroids.

STATIC CURRENT

Flow of gases in anesthesia machine can generate
current, therefore anesthesia masks, circuits,
wheels of machines are made antistatic by adding
carbon to them.

STERILIZATION OF ANESTHESIA
EQUIPMENT

« Metallic instruments such as laryngoscope
blades, Magill’s forceps, and stylet can be
autoclaved.

* Non-metallic items such as endotracheal
tubes, facemasks, airways are best sterilized
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by ethylene oxide (ETO) gas sterilization.
After ETO, second method of choice for
these items is chemical sterilization by 2%
glutaraldehyde (Cidex) or orthophthaldehyde
(OPA). As silicone resists gas sterilization,
silicone containing items such as laryngeal
mask airway (LMA) should not be sterilized
by ETO. The only recommended method for

sterilizing LMA is autoclaving at temperature
< 134°C.

For fiberoptic scopes, chemical sterilization
by 2% glutaraldehyde or orthophthaldehyde is
the preferred method of sterilization.

Before sterilization all equipment should be

thoroughly cleaned with soap and water and dried
with air.

KEY POINTS

The most common airway used to prevent the tongue fall is Guedel’s airway.

The major limitation of mask ventilation is that it increases the chances of aspiration.

Macintosh is the most commonly used laryngoscope.

Intubation success rates of 94-99% has been reported for video laryngoscopy as a rescue modality after failed
direct laryngoscopy.

Most commonly used video laryngoscopes is C-MAC.

Fiberoptic laryngoscope/bronchoscope-guided intubation is considered as gold standard technique for the
management of difficult/failed intubation.

Current day anesthetic practice is an era of supraglottic devices.

Second generation LMA has shown significant decrease in incidence of aspiration as compared to first
generation LMA.

Among the second generation LMA, I-Gel is most frequently used in India.

Definitive airway management devices includes endotracheal tube and tracheostomy.

The chief advantage of PVC tube is that their cuff is low pressure and high volume.

During laryngoscopy, there should be extension at atlanto-occipital joint and flexion at cervical spine.
Capnography is the surest sign to confirm the correct position of endotracheal tube.

The traditional approach of not using cuffed tubes in children up to 10 years does not hold true in present day
practice.

The most common cause of hypoxia for double lumen tube is ventilation perfusion mismatch.

Fixed performance devices deliver accurate oxygen concentration.

Heat and moisture exchanger (HME) is the most commonly used device to preserve humidity in anesthesia.
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CHAPTER

Preoperative Assessment and

Premedication

PREOPERATIVE ASSESSMENT

The goals are:

» To reduce the anxiety and educate the patient
about anesthesia.

« To obtain information about patient’s medical
history.

« To perform physical examination.

* To determine which tests are required.

« To plan anesthetic technique.

* To obtain informed consent.

« To give preoperative instructions.

Preoperative evaluation is done with:

History

« Anymedical illness in past/present.

» History of allergy to any drug.

» History of medications.

» History of previous anesthesia.

» History of personal habits (smoking, alcoho-
lism or drug abuse).

Physical Examination

« General physical examination (including
pulse and blood pressure).

« Systemic examination of cardiovascular
system, respiratory system, hepatic system,
nervous system, abdomen and spine. In
respiratory system examination, other than
routine assessment Breath-holding time
should be assessed in every patient. Patient is
asked to hold the breath after full inspiration.
Normal is more than 25 seconds.

15-25 seconds is borderline.
Less than 15 seconds indicate severely
diminished cardiorespiratory reserve.

*  Airway assessment to rule out difficult airway.
It is one of the most important assessments
for anesthesiologist. It includes assessment
of mouth opening, denture status and neck
movements. Out of the many parameters used
for airway assessment Mallampati grading,
Thyromental distance and neck movements
are assessed in every case (for details of airway
assessment and management of difficult
intubation see Chapter 5, page no. 53).

Investigations

Routine investigations: The protocols for routine
investigations vary from hospital to hospital, state
to state and country to country. Nowadays, the
inclination is towards minimum investigations.
The decision to order preoperative tests should
be guided by the patient’s clinical history,
comorbidities, physical examination findings and
the proposed surgery.

Complete blood count: As per western guidelines,
complete blood count (CBC) is indicated only
for patients with diseases that increases the risk
of anemia (like chronic renal failure) or patients
in whom significant perioperative blood loss is
anticipated. However, due to high prevalence
of anemia, CBC is performed in all patients in
India.

Renal function test, urine analysis, random blood
sugar, liver function test and coagulation profile:
Recommended, only if there is positive medical
history or examination (contrary to previous
guideline of performing RFT in all patients >60
years).
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Electrocardiography: Contrary to previous
recommendation of ECG in all males > 40 years
and all females >50 years, ECG is recommended
for patients with positive medical history or
undergoing high-risk surgery. Asymptomatic
patients undergoing low-risk surgery do not
require electrocardiography.

X-ray chest: Advisable only for patients at risk of
postoperative pulmonary complications.

Risk Stratification

Based on the preoperative assessment, the patients

are classified into six categories by American

Society of Anesthesiologist (ASA). The morbidity

and mortality is highest in grade V patients and

minimum in grade I patients.

I :Normal healthy patient.

II :Mild-to-moderate systemic disease not
limiting functional activity.

IIT : Severe systemic disease that limits the activity
but not incapacitating.

IV :Incapacitating disease that is a constant
threat to life.

V  :Moribund patient who has very little chances
of survival with or without operation.

VI :Brain dead patients (for organ donation).

The major limitation of ASA classification was
that it did not include age, obesity (two major
enemies of anesthetist) and risk associated with
surgical procedure (morbidity and mortality may
be minimum with minimally invasive procedure
like cataract but may be very high with highly
invasive procedure like thoracic aortic surgery).
However, new guidelines by ASA (2014) has at least
included obesity in ASA classification (patients
with BMI < 40 are considered as grade 11 risk and
>40 as grade I risk).

INSTRUCTIONS

Instructions Related to Modification
in Pre-existing Medical Therapy

Oral Hypoglycemics

Oral hypoglycemics should be continued,
omitting the morning dose. However, sulfonylurea
and metformin have longer half-lives so they need
to be stopped 24-48 hours before surgery.

Insulin

Most of the patients are either on intermediate
acting or mixed insulin. Adjustments in the doses
of insulin are required as per the regime followed.
There are different protocols followed by different
institutions (for details see Chapter 23, page no. 206).

Oral Contraceptives

Estrogen increases the chances of postoperative
deep vein thrombosis and thromboembolism,
therefore standard dose estrogen containing pills
should be stopped 4 weeks before. Pills containing
only progesterone or low dose estrogen need not be
stopped.

Oral Anticoagulants

e Standard oral anticoagulants, i.e. Warfarin
(Coumadin) should be stopped 4 days prior
to surgery. The newer one, i.e. Dabigatran
(Pradaxa) should be stopped 3 days prior,
Rivaroxaban (Xarelto) and Apixaban (Eliquis)
48 hours prior, and Edoxaban 72 hours prior
to surgery. However, before considering for
surgery it is mandatory to check whether the
effect of oral anticoagulant has been weaned
off or not by doing INR before surgery. INR
must be < 1.5 to consider the patient for
surgery.

« If stopping of Warfarin is not possible like in
prosthetic heart valves, then switch over to
heparin which is stopped 12-24 hours prior to
surgery.

* Incase of urgency, effect of oral anticoagulants
can be reversed with vitamin K but if it is not
possible to wait for 6-12 hours (vitamin K takes
6-12 hours to completely reverse the effect of
Warfarin), then patient can be taken up for
surgery after transfusing fresh-frozen plasma.

Heparin

Low molecular weight heparin (LMWH)
{Enoxaparin} should be stopped 12-24 hours
prior to surgery (Prophylactic dose 12 hours while
therapeutic dose has to be stopped 24 hours prior).
Standard (unfractionated) heparin has short half-
life, therefore stopping 6-12 hours before surgery is
sufficient while long acting such as Fondaparinux
(Arixtra) should be stopped 48-72 hours (48 hours
for prophylactic dose and 72 hours for therapeutic).



Thrombolytic/Fibrinolytic Therapy
(Alteplase, Urokinase, Streptokinase)

Patients can be considered for elective surgery
10 days after the last dose of these drugs.

Antianginal Drugs

All antianginal drugs (including calcium-channel
blockers, nitrates) should be continued except
antiplatelets.

Antiplatelet Drugs

Aspirin: Although aspirin increases the risk of
bleeding but stopping aspirin carries the risk of
ischemia, therefore it is recommended to continue
aspirin.

Clopidogrel (plavis): Clopidogrel should be
stopped 5 days prior to surgery.

Other less commonly used antiplatelets
such as dipyridamole should be stopped 48
hours, ticlopidine 14 days, abciximab 2 days and
eptifibatide 8 hours prior to surgery.

In case of emergency surgery, when there is
no time to stop antiplatelets, then patient can be
taken for surgery after platelet transfusion.

NSAIDs: Usually continued however should be
discontinued 48 hours prior to surgery if given
with other antiplatelets and continuing other
antiplatelet is mandatory. For example, if the
patient is on aspirin (for cardiac disease or stroke)
and diclofenac then stop diclofenac 48 hours prior
and continue aspirin.

Antihypertensives

All antihypertensives on which the patient blood
pressure is controlled should be continued except
for angiotensin II antagonist and angiotensin-
converting enzyme (ACE) inhibitors where
morning dose is withheld. Studies have found a
higher incidence of significant hypotension in
patients who were continued with the morning
dose of angiotensin II antagonist and ACE
inhibitors.

Antidepressants

Antidepressants (SSRI, tricyclic antidepressants,
reversible MAO inhibitors and MAO-B (Selegiline)
has to be continued. However, MAO-A inhibitors
(which are not used nowadays) can significantly
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increase the levels of catecholamines, therefore
need to be stopped 3 weeks before surgery.

Lithium and Lamotrigine

Although Lithium do enhances the block
produced by muscle relaxants but this effect seems
to be clinically insignificant therefore in contrary
to older guidelines of stopping lithium 48 before
surgery current recommendation is to continue
Lithium. The other drug approved for bipolar
disorder, i.e. Lamotrigine has to be continued.

Levodopa

Recent recommendation is to continue levodopa
otherwise withdrawal can cause muscular rigidity.

Anticholinesterases
(Neostigmine, Pyridostigmine)

The continuation of anticholinesterases in peri-
operative period is debatable. One school of
thought advocates discontinuation 4-6 hours
prior to surgery but this increases the possibility
of myasthenic crisis, therefore the more favorable
and acceptable dictum is to continue anticholi-
nesterases with adjustments (reduction) in doses.

Steroids

If patient has taken steroid (prednisone in doses
> 5 mg/day or equivalent) for more than 3 weeks
(by any route-even topical or inhalational) in
last 1 year he/she must receive intraoperative
supplementation with hydrocortisone. The reason
for supplementation is that if a patient takes
prednisone in doses > 5 mg/day or equivalent for
more than 3 weeks, there occurs suppression of
hypothalamus-pituitary-adrenal axis, the recovery
of which takes place in 1 year. Therefore, during
this period, the patient may not be able to cope up
with the stress of surgery.

Smoking

Smoking inhibits cilia, causes hyperactivity
of airways, increases mucous production and
decreases immune response. The normal
restoration of these effects (particularly recovery of
ciliary activity) takes 6-8 weeks, therefore smoking
should ideally be stopped 8 weeks before surgery.
However, cessation of smoking any time before
surgery is beneficial. The 12 hours of cessation
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decreases the level of carboxyhemoglobin,
shifting the oxygen dissociation curve to right and
facilitating oxygen delivery to tissues. Same way,
decreases in nicotine levels decreases the chances
of arrhythmias.

Antibiotics

Aminoglycosides can potentiate the effect of
muscle relaxants but not to an extent that they
should be stopped (This is in contrary to the older
guidelines of either stopping or switch over to
other antibiotic 48 hours prior to surgery).

Herbal Medicines

Herbal medicines (including commercial
preparations of ginger, garlic, green tea) can effect
drug metabolism, bleeding profile and neuronal
functions. Therefore, they should be stopped
1 week prior to surgery.

Viagra (Or Similar Drugs)
To be stopped 24 hours prior to surgery.

Topical Medications (Creams, Qintments)

Discontinue on the day of surgery as the chemicals
in these ointments can react with antiseptic
solutions used during surgery.

Diuretics

Discontinue on the day of surgery except for
thiazides taken for hypertension.

Disulfiram

To be discontinued 10 days before the surgical
procedure

Antitubercular Drugs

To be continued but assessment of liver functions
is mandatory.

Preoperative Instructions

*  Fasting Instructions: For solid food, 8 hours of
fasting is must (fasting period of 6 hours may be
considered after a light meal) while clear fluids
(water and juices without pulp) can be given up
to 2 hours.
For neonates and infants, the recommended
fasting period for breast milk is 4 hours
while for formula milk and solids a fasting of
6 hours is required.

* Artificial dentures, limbs, contact lenses
should be taken off.

« Jewellery (can cause cautery-related burns),
lipstick and nail polish to be removed (can
obscure cyanosis).

¢ Good oral hygiene.

+ Informed consent to be taken.

* Premedication.

PREMEDICATION

In the current day practice of anesthesia patient
is premedicated with a purpose not as a routine
procedure. If given, the premedication is given
with the following goals:

Goals

¢ Torelieve anxiety.

* To produce hemodynamic stability.

¢ To induce sedation (good sleep) and reduce
metabolic rate.

« To provide analgesia and amnesia.

» To decrease the chances of aspiration.

« To control oral and respiratory secretions.

* To prevent postoperative nausea and vomiting.

« To control infection.

To relieve anxiety: Relieving anxiety is the most
important goal is present day anesthesia. Nothing
can be more helpful in relieving the anxiety
of the patient than preoperative visit of the
anesthetist clearing the patient’s doubts, fears,
myths and explaining the anesthetic technique.
Benzodiazepines should be used only for the
patients where assurance by anesthetist is not
sufficient or for pediatric patients. In the current
day surgical practice where majority of the patient
are getting admitted on the same day of surgery,
the benzodiazepine of choice is Midazolam.

To produce hemodynamic stability: Clonidine
was recommended for hypertensive patient in past
but not used now a days.

To provide analgesia: Opioids are given intra-
venously just before induction to provide analge-
sia and to attenuate cardiovascular response to
laryngoscopy and intubation.

To decrease chances of aspiration: The best way to
reduce the chances of aspiration is by keeping the
patient fasting. Therefore, the drugs for aspiration
prophylaxis, i.e. metoclopramide, antacids and H,
blockers (ranitidine) should be employed only for
patients who are at high risk of aspiration such as




hiatus hernia, pregnancy, not routinely for every
patient.

To control secretions

Anticholinergics available to control secretions
are atropine, glycopyrrolate and scopolamine.
Anticholinergics can cause dry mouth which can
be troublesome to patients therefore they should
be used only when required (like oral surgeries
where dry mouth is the requirement of surgery),
not routinely in all patients.

Glycopyrrolate is a preferred anticholinergic
over atropine and scopolamine because it does not
crosses the blood-brain barrier therefore is devoid of
central side effects.

To prevent nausea and vomiting: Drugs which
can be used for antiemetic prophylaxis are:
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+ Hyoscine.
« 5HT3 antagonist (Ondansetron/granisetron).
« Metoclopramide.

Current day recommendation is to use
antiemetic prophylaxis only for the conditions
associated with higher incidence of postoperative
nausea and vomiting (like middle ear surgeries),
not routinely to all patients. In current day practice
5-HT3 antagonists are the first-line medications for
prophylaxis as well as treatment of postoperative
nausea and vomiting,

To control infection: The timing of antibiotic
should be adjusted so that the peak blood levels
are achieved at the time of skin incision. Therefore,
antibiotic prophylaxis must be given within 60
minutes before skin incision.

KEY POINTS

s Preoperative assessment is done to obtain history, do physical examination, order investigations, risk
stratification (by ASA grading) and give preoperative instructions.

= The decision to order preoperative tests should be guided by the patient’s clinical history, comorbidities,
physical examination findings and the proposed surgery. Only the investigations which are necessary should
be done.

= Forsolid food 8 hours of fasting is must while clear fluids can be given up to 2 hours.

Medications need to be stopped:

MAQ-A inhibitors (3 weeks before)

Oral anticoagulants (Warfarin 4 days prior)

Heparin (Low molecular weight 12 hours before)

Antiplatelets except aspirin (Clopidogrel 5 days prior)

Thrombolytic (10 days prior)

Nonsteroidal anti-inflammatory drugs (NSAIDs) (48 hours prior if used with other antiplatets)
High dose estrogen oral contraceptives (4 weeks prior)
Viagra (24 hours prior)

Disulfiram (10 days prior)

All herbal medications (7 days before)

Smoking (8 weeks before)

Medications for which only morning dose to be omitted:
= ACE inhibitors and angiotensin |l antagonist

= Oral hypoglycemics

= Topical creams and cintments

= \itamins and iron.

Dose adjustment is needed for:
» (Cholinesterase inhibitors
s Corticosteroids

= |nsulin

= Rest all medications are continued in the same dosages and same regime with morning dose on the day of
surgery to be taken with a sip of water.

In the current day practice of anesthesia patient is premedicated with a purpose not as a routine pracedure.
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Difficult Airway Management

CAUSES OF DIFFICULT INTUBATION/
DIFFICULT AIRWAY

Inability to Open Mouth

* Submandibular abscess

+ Ludwig angina

* Retropharyngeal abscess

» Tetanus (trismus)

* Temporomandibular joint ankylosis
¢ Maxillary trauma

* Mandibular trauma

«  Growth in oral cavity.

Abnormalities of Mandible

*  Micrognathia: Receding chin

*  Pierre-Robin syndrome: Hypoplastic mandible

* Treacher Collins syndrome: Mandibulofacial
dysostosis

e Goldenhar syndrome: Hypoplasia.

Abnormalities of Tongue (Macroglossia)

* Pierre-Robin syndrome
* Down syndrome
* Hypothyroidism.

Abnormalities of Soft Palate

*  Pierre-Robin syndrome: High-arched palate

* Treacher Collins syndrome: High-arched
palate

¢ Marfan syndrome

+ Achondroplasia.

Neck Abnormalities

« Shortneck

- Neck circumference >43 cm
*  Restricted neck movements:

~  Rheumatoid arthritis

- Spondylitis (osteoarthritis)
Disc disease
Klippel-Feil syndrome (cervical vertebrae
fusion)
¢ Neck trauma
*  Neck contracture:
Post-burn
- Post-radiotherapy
»  Neck swellings:
Large thyroid gland
~  Cystic hygroma
*  Diabetes mellitus (reduced mobility of atlanto-
occipital joint).

Laryngeal Abnormalities

« FEdema
* Tumor

* Stenosis
« Web

» Fixation of larynx to other structures of neck
(in malignancies).

Tracheal Abnormalities

+ Stenosis
*  Tumor

Thoracoabdominal Abnormalities

* Kyphosis
* Prominent chest or large breast.

Abnormalities of Temporomandibular
Joint
¢ True ankylosis
»  False ankylosis:
- Burns
Trauma
Radiation.



Other Causes

« Protruding teeth (Rabbit teeth)

« Absentdenture (slippage of laryngoscope)

» Children (anteriorly placed larynx)

» Basilar skull fracture

« Scleroderma (restricted temporomandibular

joint)

+ Sarcoidosis (airway obstruction by lymphoid
tissue)

*  Obesity

« Presence of beard.

ASSESSMENT OF DIFFICULT
INTUBATION

Commonly used grades and parameters for assess-

ment of airway include:

*  Mallampati grading: It is done to assess mouth
opening. Patient is asked to open the mouth
as wide as possible and protrude the tongue.
Depending on the structures seen by examiner
the classification is as follows (Fig. 5.1):

Class I: Faucial pillars, soft palate and uvula
seen.

Class II: Base of uvula and soft palate is seen.
Class IIT: Only soft palate is seen.

Faucial pillars

Hard palate

A\

Class |

Class Il
Fig. 5.1: Mallampati classification

Grade ||
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Class IV: Only hard palate is visible (modified

Sampson and Young classification).

In Mallampati grade (class) I and IT oral
intubation can be done comfortably, in grade III
with difficulty while oral intubation is not possible
in grade IV.

e Thyromental distance (distance between
thyroid notch to mental prominence with fully
extended neck):

Normal: 6.5 or more (> 3 finger breadth).

6.0-6.5 cm: Difficult laryngoscopy.

< 6.0 cm: Laryngoscopy may be impossible.

e Mentohyoid distance: Normal > 5 cm (2 finger
breadth).

o Assessment of TM joint function: Inter incisor
gap (mouth opening) should be at least 5 cm
(2 finger breadth).

* Neck movements: Normal range of flexion
and extension varies between 165° and 90°.
Mallampati grading, thyromental distance and
neck movements are assessed in every case.

Grading of Difficult Laryngoscopy
(Cotmack and Lehane) (Fig. 5.2)

o Grade I: Glottis fully visible.
o  Grade II: Only posterior glottis visible.

Class Il Class IV

Grade Il Grade IV

Fig. 5.2: Grading of laryngoscopy
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e Grade III: Only epiglottis visible.
» Grade 1V: No recognizable structures,

MANAGEMENT (FLOW CHART 5.1)

Anticipated Difficult Intubation

If difficult airway is anticipated then intubate in
awake state preferably with fiberoptic broncho-
scope under topical anesthesia (xylocaine spray
and/or gargles) or nerve blocks (glossopharyngeal
and superior laryngeal).

If awake intubation fails then surgery, if
possible should be performed under regional
anesthesia or alternative methods like mask
ventilation, laryngeal mask. If surgery is not

possible by above-said methods and deemed
necessary, then it should be performed with
tracheostomy (if agreeable to patient).

Nonanticipated Difficult Intubation

(Patient under Anesthesia)

» Ventilation with bag and mask possible (cannot
intubate but can ventilate situation) {non-
emergency}: While maintaining the ventilation
consider reattempt intubation called as plan
A (maximum 4 times) with manipulations
such as changing the position of head and
neck, cricoid pressure, using different blades
oflaryngoscopes, use of stylet or bougies, light

Flow chart 5.1: Difficult airway algorithm

| Difficult intubation |

v
| Aniicipated

g

.
| Unanticipated |

| Manage with awake intubation |

IJ,

| Immediate callfor help |

| Mask ventilation possible

3

| P [ Wask ventiiation not possible |

il cha:g;nheaaau;mm Retry mask ventilation with
o position, external laryngeal o both hand and maximum neck
manipulation, bougies, etc. extension and jaw thrust

| Successful | [ Unsuccessful |

| Successful | [ Unsuccessful |

LMA or ILMA

| Successful | [Unsuccessful |

| Successful | [ Unsuccessful |

'
@ [Crioomyrfidetom

o * Revert mask
ventilation
+ Postpone
surgery Change to
| e
at the earliest
or cancel case

Abbreviations: LMA, laryngeal mask airway; ILMA, intubating laryngeal mask airway



wands or intubation with videolaryngoscopy
(Video laryngoscopy have revolutionized the
practice of airway management; Intubation
success rates can be as high as 94-99% with
video laryngoscopy after failed intubation with
direct laryngoscopy).

- If plan A fails, then get the surgery done
under plan B which includes surgery
under laryngeal mask airway (LMA) if
possible or intubation with the help of
intubating laryngeal mask airway (ILMA)

- If plan B fails, then proceed to plan C
which includes revert back to facemask
and get surgery done under facemask
if emergency or postpone the case to be
done next time as anticipated difficult
intubation.

If any time situation becomes that
mask ventilation also fails which can
happen due to laryngeal edema, excess
secretions), then manage like plan
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D, i.e. ventilation with bag and mask
not possible (cannot intubate, cannot
ventilate).

Ventilation with bag and mask not possible

(cannot intubate, cannot ventilate) {emergency

situation}. It is one of the worst nightmares

in the life of an anesthetist. It should be

managed in following stepwise manner:

i. Immediate call for help

ii. Retry mask ventilation by holding
mask with two hands while assistant
maintaining ventilation, put an airway
(if notin place). If it fails, then go to step iii

iii. Put LMA and try to get surgery done
under LMA if possible or postpone the
case to be done next time as anticipated
difficult intubation. If LMA also fails, then
go to step iv

iv. Cricothyroidotomy which should be
replaced by definitive measure, i.e.
tracheostomy as soon as possible.

Flow chart 5.2: Cervical spine injury

[ Cervical spine injury (or even suspected) ]

| Oral intubation with neck stabilization |

(Awake intubation preferred as preserved
muscle tone may protect unstable spine)

v

[ Successful (usually) | [ Unsuccessful |
v v
« Apneic ] Breathing |
* Non-availability of
tracheostomy
equipment/experienced
person

=t

v v

v

(1) Laryngeal mask

airway (LMA) (2) Combitube

(3) Cricothyroidotomy or transtracheal
jet ventilation. Cricothyroidotomy is
invasive procedure so should be
only used as a last resort if non-
invasive methods such as laryngeal
mask airway (LMA) is not available

As soon as
possible ‘L
——%|  Tracheosotomy |

B |
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Airway Management for Cervical
Spine Injury (Flow chart 5.2)
Neck manipulation in cervical injury may be
life-threatening. Every head injury should be
considered to be having cervical injury until
proved otherwise. During manual management,
airway should be managed only by jaw thrust
however if airway is not manageable by jaw thrust
alone then head tilt and chin lift can be given
because life takes the priority over cervical spine.
Oral intubation with ‘neck stabilization
with neck in ‘neutral position’ should be tried

’

KEY POINTS

first and is usually successful. Neck stabilization
can be done manually and with hard cervical
collars. As intubation often requires removal of
cervical collar manual stabilization is always
preferred over collar stabilization. If unsuccessful,
then only tracheostomy should be undertaken.
LMA, combitube and cricothyroidotomy are
reserved as temporary measure for the cases
when tracheostomy is not possible due to non-
availability of equipment/experienced person or
life saving measure where time for tracheostomy
is not there.

= Airway assessment is one of the most important parts of preoperative assessment, failure to do so can make

anesthetist negligent in case of some catastrophe.

= Mallampati grading, thyromental distance and neck movements are the three most important parameters to

be assessed in every case.

= Video laryngescopy have revolutionized the practice of airway management; intubation success rates can be as
high as 94-99% with video laryngoscopy after failed intubation with direct laryngoscopy.

= Every head injury should be considered to be having cervical injury until proved otherwise.

= For cervical spine injury intubation should be done after neck stabilization with neck in neutral position.



CHAPTER

Monitoring in Anesthesia

Monitoringis the mostimportant part ofanesthesia
to prevent complications. Although a number of
sophisticated monitors are available but nothing
can replace the vigilance of an anesthetist. The
principle to use of monitors is-they should assist
you and you should not be fully dependent on
them.

CLINICAL MONITORING

e Pulse rate by palpation

» Color and turgor of skin to assess hydration,
oxygenation and perfusion

* Blood pressure: It is measured either by
palpatory method (measures only systolic
pressure) or by auscultatory method (Korotkoff
sounds). Two common sources of error
are:

- Inappropriate cuff size: Oversize cuff
underestimates while undersize cuff
overestimates BP. The cuff should cover
two-thirds of the length of arm and the
width should be 40% greater than patient
arm (Usual width of cuff is 12-15 cm for
adults, 6-9 cm for children and 2.5 cm for
neonates).

Rapid deflation: Deflation rate should not
be more than 3-5 mm Hg/sec.
« Inflation of chest
« Precordial and esophageal stethoscopy
< Any signs of sympathetic over activity such as
lacrimation, perspiration to detect the depth
of anesthesia.
o Urine output: Urine output is the best clinical
indicator for assessing adequacy of perfusion;
it should be > 0.5 mL/min.

ADVANCE MONITORING
(INSTRUMENTAL MONITORING)

CARDIOVASCULAR MONITORING

Electrocardiography

Electrocardiography (ECG) is the mandatory
monitor as it measures heart rate and can detect
arrhythmias, ischemia and cardiac arrest. It is
not possible to monitor 12 leads in perioperative
period therefore, the leads most preferred are
lead II and V. because arrhythmias are best
detected in lead Il and ischemia in lead V; (Lead
V. alone can detect more than 80% of ischemic
events). It is highly recommended to use monitors
which have an option of automatic ST analysis.

Blood Pressure

Blood pressure can be monitored by noninvasive
and invasive methods.

Noninvasive Blood Pressure Monitoring

Automated Noninvasive Blood Pressure
Monitoring

Automated noninvasive blood pressure (NIBP)
monitors are most frequently used in peri-
operative period to measure blood pressure;
these instruments automatically measure blood
pressure at set intervals by oscillometry. The
maximum interval between two blood pressure
recordings should not exceed more than 5 minutes
(This interval of 5 minutes in fact, is not only
applicable to blood pressure but to the recording
of all vitals). The basic difference in oscillometric
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principle of BP monitoring is that mean arterial
pressure is measured first and then systolic and
diastolic pressures are derived by a set algorithm
while in all other methods systolic and diastolic
pressure are measured first and then mean arterial
pressure is derived.

Other noninvasive methods which can be used
are arterial Tonometry or using Doppler probes in
place of fingers by palpatory methods.

A continuous noninvasive method by using
finger cuff was tried but could not become popular
due to many reasons.

Invasive Blood Pressure Monitoring

Invasive blood pressure monitoring is done by
cannulating one of an artery and connecting the
cannula to a transducer which in turn is connected
to monitor. Invasive blood pressure (IBP)
monitoring is required when surgery or patient
condition mandates beat to beat, i.e. continuous
monitoring of blood pressure. IBP is considered as
gold standard method to monitor blood pressure.

IBP can be significantly affected by the
dynamics of equipment used for IBP monitoring
(tubing, transducer, etc.). Over damping under-
estimates while underdamping overestimates
systolic blood pressure. Its accuracy should be
checked by matching with noninvasive blood
pressure (NIBP). The difference in IBP and NIBP
should not be more than 5-8 mm Hg (in normal
circumstances IBP is higher than NIBP).

Most often transducers are zeroed at the
level of heart (usually at mid axillary line).
However, it has been found that the zeroing point
5cm posterior to sternal border yields more accurate
BP recordings.

As radial artery has collaterals (transpalmar
arch) for the blood supply of hand, it is most
commonly chosen artery for cannulation. Before
doing radial artery cannulation Allen’s test should
be performed to assess the patency of ulnar artery.
In Allen’s test after exsanguination of patient’s
hand ulnar and radial arteries are occluded.
Release pressure from the ulnar artery while
maintaining the pressure on radial artery. Color
of hand returning to normal within 5-7 seconds
indicates patency of ulnar circulation and it is safe
to go ahead with radial artery cannulation. Color
returning to normal in > 10 seconds indicates
severely compromised ulnar circulation contra-
indicating radial artery cannulation. Due to the

peripheral location (and hence less chances of
ischemic damage), dorsalis pedis is second most
preferred artery after radial. Others arteries which
can be cannulated are brachial and femoral.

Complications of Arterial Cannulation
* Arterial injury, spasm and distal ischemia
¢ Thrombosis and embolization
e Sepsis
« Tissue necrosis
» Fistula or aneurysm formation
To prevent thrombosis, a continuous flush
with/without heparin is needed.

Other Uses of Arterial Cannulation

* Taking blood sample for repeated arterial
blood gas analysis (ABG)

* Avoid the frequent puncture to take blood
sample for investigations.

* Measuring dynamic parameters of cardiac
function like stroke volume variation (SVV),
Pulse pressure variation (PPV) and cardiac
output by using pulse contour devices such
as Flotrac. Measuring dynamic parameters by
arterial cannulation may be considered as one
of the most recent and useful advancement in
the field of monitoring. As already discussed in
the chapter of fluids, dynamic parameters are
far more superior to static parameter, i.e. CVP
for assessing fluid status and titrating fluid
therapy.

Central Venous Pressure Monitoring

Idealvein formonitoringof central venous pressure
(CVP) is right internal jugular vein (because it is
valve less and in direct communication with right
atrium). CVP can also be measured by subclavian,
basilic and femoral vein.

Indications

* Major surgeries where large fluctuations in
hemodynamics is expected
* Open heart surgeries
¢ Fluid management in shock
* Asavenous access
« Parenteral nutrition
* Aspiration of air embolus
* Cardiac pacing.
Normal CVP is 3-10 cm of H,O (or 2-8 mm Hg).
In children CVP is 3-6 cm of H,0. CVP more than
20 cm of H,0 indicates right heart failure.




CVP is increased in:

¢ Fluid overloading.

» Congestive cardiac failure.

*  Pulmonary embolism.

¢ Cardiac tamponade.

* Intermittent positive pressure ventilation with
PEEP.

« Constrictive pericarditis.

*  Pleural effusion.

¢ Hemothorax.

* Coughing and straining.

CVP is decreased in
* Hypovolemia and shock.
= Venodilators.
* Spinal/epidural anesthesia.
* General anesthetics (by causing vasodilata-
tion).
A low CVP with low BP indicates hypovolemia
while a high CVP with low BP indicates pump
Jailure.

Technique of CVP Catheterization
(through Internal Jugular Vein)

It is introduced through Seldinger technique. The
patient lies in Trendelenburg position (to decrease
the chances of air embolism). The cannula with
stylet is inserted at the tip of triangle formed by
two heads of sternomastoid and clavicle. The
direction of needle should be slightly lateral
and towards the ipsilateral nipple. Majority
of the clinicians use ultrasound to locate the
internal jugular vein. In fact in many countries,
it has become mandatory to used ultrasound for
CVP insertion.

Once the internal jugular vein is punctured
stylet is removed and a J wire is passed through
cannula. CVP catheter is railroad over the J wire.
The tip of catheter should be at the junction of
superior vena cava with right atrium (which is
usually 15 cm from the point of entry).

An X-ray chest should be performed to
check the position of catheter and to exclude
pneumothorax.

Complications

Mechanical complications:

e Arterial puncture: Carotid puncture is the
most common acute mechanical complication
(incidence: 2-15%)

* Cardiac arrhythmias.
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* Pneumothorax/hemothorax/chylothorax:
More commonly seen with Subclavian vein
cannulation

* Cardiac perforation/cardiac tamponade:
It is the most important life-threatening
complication

¢ Trauma to brachial plexus, phrenic nerve, and
airway.

Thromboembolic complications:

+ Arterial or venous thrombosis

« Airembolism

¢ Catheter or guide wire embolism.

Infectious complications:
« Insertion site infection
* Sepsis
Infection is the most common late complication.

Pulmonary Artery Catheterization

Because of cost, technical feasibility, complications
ranging from minor arrhythmias (most common
complication, incidence around 30%) to life-
threatening such as pulmonary artery rupture,
severe arrhythmias and death and availability
of noninvasive (or less invasive) monitors,
pulmonary artery catheterization is hardly done
nowadays.

Swan Ganz catheter is used for pulmonary
artery catheterization. It is balloon-tipped and
flow-directed. The presence of catheter in different
parts of heart is confirmed by pressure recordings,
pressure tracings and distance from catheter tip.
Entry into right ventricle is confirmed by sudden
increase in systolic blood pressure (pressure in right
atrium is 0-8 mm Hg while in right ventricle it is
15-30 mm Hg) while entry in pulmonary artery
is best indicated by sudden increase in diastolic
pressure (diastolic pressure in right ventricle
is 0-8 mm Hg while in pulmonary artery it is
5-15 mm Hg).

Uses of Pulmonary Artery Catheterization

* Measuring cardiac chambers pressure (except
left ventricle).

¢ Calculating cardiac output and stroke volume:
Cardiac output is calculated by using ice cold
saline. The most commonly used method to
calculate cardiac output is thermodilution
method where ice cold saline is injected and
change is temperature is noted by a thermistor
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in pulmonary artery. The processors then
calculate the cardiac output by computerized
algorithms. The alternative to thermodilution
method are dye dilution (where in place of
ice cold saline idocyanine green or lithium is
injected and change in their colors is noted to
calculate cardiac output) and Fick principle
(which uses the oxygen consumed by body to
calculate cardiac output).

To decrease the invasiveness of pulmonary
artery catheterization, a modified approach
transpulmonary thermodilution method
is used where ice cold saline is injected in
superior vena cava through CVP catheter and
thermistor is placed in femoral artery (instead
of pulmonary artery) to record the change in
temperature,

Measuring pulmonary artery occlusion
pressure (PAOP) (also called pulmonary
capillary occlusion pressure). Previously
PAOP used to be called as pulmonary capillary
wedge pressure (PCWP). PAOP represents left
atrial pressure. Normal PAOP is 4-12 mm Hg.
PAOP is best utilized to differentiate between
cardiogenic and non-cardiogenic pulmonary
edema (ARDS). PAOP < 18 mm Hg indicates
non-cardiogenic pulmonary edema while
cardiogenic pulmonary edema usually
develops at PAOP > 25 mm Hg.

Taking sample for mixed venous blood
(pulmonary artery is considered as best site
for mixed venous blood sample). Oxygen
saturation of mixed venous blood is the best
guide to assess tissue perfusion (cardiac output)
[Best clinical guide to assess cardiac output
is urinary output]. Normal mixed venous O,
saturation is 75% (only 25% is consumed by
tissues); less than 60% indicates significant
deficiency in tissue perfusion.

Special pulmonary artery probes are
available which can continuously measure the
oxygen saturation of mixed venous blood.
Titration of fluid therapy: As PAOP measures
preload to left heart, it is definitely better guide
for fluid therapy than CVP (which measures
preload to right heart). Low PAOP and low
stoke volume indicates hypovolemia (less
preload to heart so less stroke volume). High
PAOP and low stroke volume represents pump
failure, i.e. cardiogenic shock (heart to not able
to generate stroke volume).

Echocardiography
(Transesophageal/Transthoracic)

In present day medicine transesophageal echo-
cardiography (TEE) and transthoracic echocardio-
graphy (TTE) are the best tools to assess cardiac
function and detect wall motion abnormality, i.e.
ischemia (sensitivity >99%) in perioperative period.

TTE/TEE can measure all hemodynamic
parameters (Cardiac output, stroke volume, stroke
volume variation, left ventricular ejection fraction,
etc.), can detect structural changes (valvular
lesions, shunts), and diagnose cardiac failure
(systolic/diastolic dysfunction). TEE is also most
sensitive to detect air embolism (can detect as low
as 0.2 mL of air).

The advantage of TTE is that it is noninvasive
however limited access to thorax limits its use in
perioperative period. TEE offers excellent window
to visualize heart in perioperative period but is
invasive, can be used only for intubated patients
in general anesthesia and has potential to cause
life-threatening complication such as esophageal
rupture (very rarely).

Gastric Tonometry

It measures gastric mucosa pH and CO,. It is
very good indicator of tissue perfusion but is not
popular due to complex, time consuming and
cumbersomeness of the process.

To summarize

Various methods which can be used in peri-
operative period to calculate cardiac output and
other cardiac functions such as stroke volume,
stroke volume variation, etc. are:

Noninvasive

» Transthoracic echocardiography: Very simple,
cost effective and devoid of any major compli-
cation. The major disadvantage is poor window
in obese patients and limited access in surgical
patients.

¢ Thoracic bioimpendance: Six electrodes are
placed over chest which measures changes
in lung volume to calculate cardiac functions.
Accuracy of this technique is questionable in
many patients.

Invasive

» Transesophageal echocardiography: Provides
best window for measuring and assessing




cardiac functions in intraoperative period but
can be used only for intubated patients.

*  Pulmonary artery catheterization: Provides
most accurate cardiac output, however,
is highly invasive, associated with life-
threatening complications such as pulmonary
artery rupture and cardiac tamponade.

* Pulse contour devices: Any artery (most
commonly radial) is cannulated and pulse
contour device (Flotrac) is attached which
analyses the pulse wave to calculate cardiac
functions.

*  Partial CO, rebreathing cardiac output can be
done only in intubated patient.

RESPIRATORY MONITORING
Measurement of Oxygenation

Pulse Oximetry

Pulse oximetry is the most basic and mandatory
monitor to measure the oxygen saturation of
hemoglobin in arterial blood (SpO,). The probe is
applied on fingers nailbed, toe nailbed, ear lobule
and tip of nose. Normal SpO, = 95 to 98%.

Principle of pulse oximetry: Pulse oximeters
works on the principle of Beer-Lambert law which
states that different solvents absorb infrared
(and red light) at different wavelengths. A pulse
oximeter probe emits two lights of different wave-
length (red at 660 nm and infrared at 940 nm).
Oxyhemoglobin absorbs more infrared light
while deoxyhemoglobin absorbs more red light.
This ratio to red to infrared light is measured
and converted in numerical value by a processor
in pulse oximeter. Higher ratio of red/infrared
suggests more deoxyhemoglobin, and hence low
saturation,

Errors:
¢ Abnormal hemoglobins:
Carboxyhemoglobinemia: Carbon mono-
xide has same absorption pattern of
red light such as oxygenated hemoglo-
bin therefore will overestimate the real
value.
- Methemoglobinemia: Shows fix satura-
tion of 85%.
However, pulse oximeters perform accurately
in the presence of sickle and fetal hemoglobin.
s Anemia: Severe anemia causes underesti-
mation of actual values.
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«  Hypovolemia and vasoconstriction (especially
in cold): Difficulty in obtaining actual values
and false low SpO, reading.

« Vasodilatation: Slight decrease.

«  Nail polish (especially blue color): Impairs the
transmission of light therefore shows false
reading.

» Shivering: Constant movement of finger
impairs continuous transmission of light and
hence false reading.

e Sp0, below 60%: Below 60% most instruments
underestimate the actual value.

e Skin pigmentation: Theoretically dark pigmen-
tation can also impair the transmission of light

* Dyes such as methylene blue or indocyanine
green. However hyperbilirubinemia has no
effect.

Co-oximeters: As discussed that routine
pulse oximeters cannot differentiate between
normal and abnormal hemoglobin, therefore
are unreliable in carboxyhemoglobinemia and
Methemoglobinemia. Co-oximeters are the special
types of oximeters which can differentiate between
normal and abnormal hemoglobin.

Photoplethysmography: Pulse oximeter is
not only used to measure oxygen saturation,
variations in the amplitude of the pulse oximetry
waveform can be used to assess fluid status and
responsiveness to fluids therapy in mechanically
ventilated patients.

Mixed Venous Oxygen Saturation (SvO,)

The limitation of pulse oximetry is that it measures
oxygen saturation of arterial blood; it does not
indicate tissue oxygenation. Mixed venous oxygen
saturation is the best indicator of tissue oxygenation.
Normal SvO, is 75%. Although the ideal sample
site is pulmonary artery but practically sample
from superior vena cava or even a peripheral vein
may suffice.

Any condition which decrease oxygen delivery
to tissues (while the uptake remains normal)
like hypoxia, cardiac failure, shock, Anemia,
carboxyhemoglobinemia or which increases
oxygen uptake like pain, shivering, hyperthermia
leads to reduction in SvO,.

Conversely, conditions that decrease oxygen
uptake like sedation, anesthesia, hypothermia,
cyanide toxicity or improve oxygen delivery
like oxygen therapy, inotropic support, blood
transfusion lead to an increase in SvO,.
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Regional Oxygenation (rSo,)

Mixed venous oxygen saturation indicates the
oxygenation of whole body; it does not provide
information regarding specific oxygenation of
an organ or tissue. At present, the only monitor
which is used to measure cerebral oxygenation is
reflectance spectroscopy. Electrodes are placed over
forehead to measure frontal cortical oxygenation
(rSo,). Typical values of rSo, range from 55% to
80% (Average of arterial, venous and capillary
saturation).

Measurement of Expiratory Gases

Various techniques such as mass spectrometry,
Raman gas analysis, piezoelectric oscillation
can be employed to analyze and measure the
concentration of expired gases, however in current
day practice, all monitors use infrared absorption
technique to measure concentration of all expired
gases except oxygen and nitrous oxide. These
infrared devices work on the principle of Beer-
Lambert law which states that different gases
absorb infrared light at different wavelength and
absorption in a mixture of gases is proportional to
their concentration.

Capnography

It is the continuous measurement of end tidal
(expired) carbon dioxide (ETCO,) along with
its waveform. Normal is 32 to 42 mm Hg (3 to
4 mm Hg less than arterial pCO,). Capnography
uses the same principle of infrared absorption.
Capnography is one of the most important and
sensitive tool for monitoring in anesthesia.

Methods of monitoring

« Side stream: Expiratory gas sample is taken
and delivered to sample cell (analyzer). The
major disadvantage is that there is delay in
response and humidity can block the chamber.

e Mainstream: Sample cell is placed in
expiratory limb of breathing circuit. The major
disadvantage is increased dead space.

Normal waveform (Fig. 6.1): It has four phases:
Phase I: Contains dead space gases with almost no
CO,

Phase II: Transition from phase I (dead space) to
phase III (alveolar phase)

Phase III: Alveolar plateau

Phase IV: Down slope at the time of inspiration.

Fig. 6.1: Normal waveform of capnography

Uses of capnography

1. To confirm intubation: Capnography is the
surest technique to confirm intubation

2. To diagnose the following conditions:

ETCO, = 0 and flat line on waveform is seen in

+ Esophageal intubation

+ Accidental extubation

« Complete obstruction

« Disconnection

» Ventilation failure

»  Cardiac arrest (there is no blood to carry CO,
from tissues to lungs): 1t becomes zero after
few waveforms (CO, present in lungs keep on
exhaling for few breaths).

Decrease in ETCO, is seen in:

+  Pulmonary embolism by air, fat or thrombus (it
may become zero, if embolus is large enough
to block total pulmonary circulation).

+ Decreased production of CO, like in
hypothermia

« Decreased perfusion (and hence decrease
delivery of CO, to lungs) in hypotension

« Hyperventilation

Increase in ETCO, is seen in:

» Exhausted sodalime or defective valves of
closed circuit which impairs the absorption of
CO, or causes inhalation of expired CO,

« Increase production in hypermetabolic
states such as fever, malignant hyperthermia
(ETCO, may even rise to more than 100 mm
Hg), Thyrotoxicosis, Neuroleptic malignant
syndrome.

* Decreased ventilation (like in neuromuscular
diseases, central respiratory depression by




opioids, thoracic surgeries) leads to retention
of CO, and hence proportionate increase in
expired CO,

¢ Bicarbonate administration (Bicarbonate on
metabolism produces CO,)

e Bronchial intubation: ETCO, can signifi-
cantly increase in bronchial intubation due
to increase in ventilation perfusion (V/Q)
mismatch.

No change in ETCO,

Bronchospasm/COPD: There is increase in

up-sloping (phase IT) of waveform but due to high

diffusibilty of CO, net value of ETCO, remains

normal even in severe bronchospasm

3. To control level of hypocapnia during
hyperventilation in neurosurgery.

4. To assess the performance of CPR: CPR is
considered as gross failure, if it is not able to
generate ETCO, of at least 10 mm Hg.

Different waveforms of capnography encoun-

tered in clinical practice

» Normal waveform for mechanically ventilated
patient [Fig. 6.2(i)]:

+ Normal waveform for spontaneously breathing
patient [Fig. 6.2(ii)]:

Fig. 6.2(i): Normal waveform for mechanically
ventilated patient

* Prolonged expiration (increased slope
of phase III) for COPD, asthma patient
[Fig. 6.2(iii)]:

« ETCO, baseline not coming to zero
[Fig. 6.2(iv)] indicates that patient is inhaling
CO, which can be because of:

- Defective expiratory valve (stuck open
leading to CO, getting mixed with
inspiratory gases)

- Exhausted CO, absorbent

* Recovery of spontaneous breath [Fig. 6.2(v)]:

¢ Cardiac oscillations (effect of pumping of heart
on lungs) [Fig. 6.2(vi)]:

Al

Fig. 6.2(iii): Prolonged expiration for COPD,
asthma patient

Fig. 6.2(iv): ETCO, not coming to zero

Fig. 6.2(ii): Normal waveform for spontaneously
breathing patient

Fig. 6.2(v): Recovery of spontaneous breath
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Fig. 6.2(vi): Cardiac oscillations

40—+

Fig. 6.2(vii): Increase pCO,

Fig. 6.2(viii): ETCO, suddenly becoming zero

Increase ETCO, [Fig. 6.2(vii)] indicating:
Hypoventilation
Defective valve (in closed position) of
closed circuit
Malignant hyperthermia
- Exhausted sodalime
ETCO, suddenly becoming zero (flat line)
[Fig. 6.2(viii)] indicates:
- Extubation
- Disconnection
Complete obstruction
Cardiac arrest
Decreased CO, [Fig. 6.2(ix)] indicates:
~  Hyperventilation (most common cause)
- Embolism
- Leakage of gas
Partial obstruction or partial kinking of
tube.

Fig. 6.2(ix): Decreased CO,

Apnea Monitoring for Nonintubated
Patients

Apnea is defined as cessation of respiration for
more than 10 seconds. It should be detected at
the earliest. For intubated patients, apnea can be
detected reliably within seconds by capnography or
by airway pressure monitors. However, detecting
apnea in non-intubated patients has always been
challenging. Apnea in a non-intubated patient can
be detected by either monitoring the airflow at
nostrils or by detection of chest movements.

Monitoring the airflow at nostrils: Airflow at
nostrils can be detected by placing acoustic
probe in nasal cavity, encasing patient
head and neck in tight canopy (can be very
claustrophobic for conscious patients) or using
noninvasive capnography (done by placing a
special ETCO, cannula in nasal cavity).
Detection of chest movements: The methods
employed to detect chest movements are:

- Impedance plethysmography (Respiratory
inductance plethysmography): The
thorax is encircled by elastic bands
containing conductor coil and move-
ments are detected by changes in impe-
dence. A modified version of impedance
plethysmography called as photoplethy-
mography is more sensitive.

- Transthoracic impedance pulmonometry
(also known as electrical impendence pul-
monometry): A small current delivered
through ECG leads can continuously
detect transthoracic electric impedance
which is converted to respiratory rate by
software present in monitor. All advanced
ECG monitors have this parameter
incorporated in them. Electrical impen-
dence pulmonometry is the simplest
and most commonly used method to




detect apnea in a non-intubated patient.
However, measurements of respiratory
rate by using nasal ETCO, cannulas have
yield more accurate results than techniques
using thoracic impedance technology.

The major limitation of these monitors is
that they cannot detect obstructive apnea;
patient with upper airway obstruction may
still have paradoxical chest movements and
the monitor may continue to detect these
paradoxical movements as chest movements.

¢ Pulse oximeters do not directly detect apnea
but are very important indirect indicator of
apnea not only in non-intubated patients but
in intubated patients too.

Oxygen Analyzers

In present day practice, oxygen analyzers are the
mandatory monitors because they monitor the
final value of oxygen delivered to the patient.
That's why they are fitted in inspiratory limb of
anesthesia circuit as near as to the patient.

Airway Pressure, Flow and
Volume Monitoring

Most of the modern anesthesia machines have
sensors for measuring airway pressure, flow
and volume. Airway pressure should be less
than 20 to 25 cm of H,O. High airway pressure
indicates either obstruction in tube or circuit
or bronchospasm while low pressure indicates
disconnection or leaks. Similarly, low tidal volumes
indicate leaks or disconnections. Combination
of airway pressure, volume and flow monitoring,
oxygen analyzers along with Capnography
has bring the revolution in the safety of general
anesthesia; life threatening complications such
as accidental extubation, esophageal intubation,
ventilator failure, tube disconnection from circuit
and complete tube obstruction can be detected
within seconds.

Blood Gas Analysis

For sampling, glass syringes are preferred over
plastic syringes. Syringe should be heparinized
and samples should be stored in ice if the sample
is to be sent at far place.

Usually, sample is taken from radial or femoral
artery. Blood gas analysis is particularly needed in

CHAPTER 6: Monitoring in Anesthesia @

thoracic surgeries, hypothermia and hypotensive
anesthesia. Modern analyzers give results within
1 to 2 minutes and require as low as 0.2 mL of
blood.

Normal values on room air

pH =7.38 t0 7.42

Partial pressure of oxygen (pO,) = 96 to 98
mm Hg

Partial pressure = 35 to 45 mm Hg

of carbon dioxide (pCO,)

Oxygen saturation (Sp0O,) = 95 to 98%

Base deficit=-3to + 3

Blood gas values of mixed venous blood

pO, =40 mm Hg

pCO, =46 mm Hg

Oxygen saturation = 75%

Mixed venous oxygen better indicates cardiac

output, i.e. tissue oxygenation while arterial oxygen
is the better indicator of pulmonary function. (For
details of ABG see Chapter 40).

Lung Volumes

Lungs volumes are measured by spirometry
(for details refer to Chapter 1).

TEMPERATURE MONITORING

Hypothermia is the most common thermal per-
turbation seen during anesthesia.
The reasons are:

Most anesthetics are vasodilators, causes
heat transfer from core to periphery, and
consequently heat loss and hypothermia.
Moreover, they inhibit centrally mediated
thermoregulation and decrease the threshold
for response to hypothermia from 37°C
(normal) to 33°C to 35°C.

Cold environment (air-conditioned operation
theaters).

Cold intravenous fluids.

Heat loss from the body by convection,
radiation and evaporation.

During general anesthesia core temperature

decreases by 0.5-1.5°C in first hour and heat loss
may be as high as 30 kcal/hour

temperature less than 35°C. It is divided into:

Hypothermia may be defined as core

Mild: 28°C to 35°C.
Moderate: 21°C to 27°C.
Profound or severe: < 20°C.
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Systemic Effects of Hypothermia

*  Cardiovascular system: Bradycardia, Hypo-
tension and ventricular arrhythmia's at
temperature < 28°C. Hypothermia triples the
incidence of morbid cardiac outcomes

e Cerebral: Decreases cerebral metabolic rate
leading to progressive slowing of EEG and
complete silence at profound hypothermia.

*  Respiratory system: Decreased minute volume
and respiratory arrest below 23°C. Oxygen
dissociation curve is shifted to left.

¢ Blood: Increased blood viscosity, impaired
coagulation and platelet function leads to
increased blood loss, and consequently
increases the chances of blood transfusion by
20%.

e Acid-base balance: Increased solubility of
blood gases, therefore less values on blood gas
analysis. Acidosis occurs because of lactic acid
production.

* Kidney: Decreased GFR, no urine output at
20°C.

¢ Endocrine system: Decreased adrenaline
and nor-adrenaline. Hyperglycemia occurs
because of decreased insulin synthesis.

* Drug metabolism: Markedly decreased by
perioperative hypothermia. Hypothermia also
reduces the minimum alveolar concentration
(MAC) of inhalational agents.

*  Effect on wound: Hypothermia not only delays
thewoundhealingbutalsoincreasesthechances
of wound infection by 3 times.

*  Thermal discomfort in conscious patient.

Indications for Temperature
Monitoring

As the possibility of developing hypothermia
is high in intraoperative period, temperature
should be monitored in patients receiving general
anesthesia >30 minutes and in all patients whose
surgery lasts > 1 hour (irrespective of type of
anesthesia), all cardiac surgeries, infants and small
children, patients subjected to large evaporative
losses such as burns, febrile patients and patients
prone to develop malignant hyperthermia.

Temperature can be measured as surface
temperature, core temperature and rectal tem-
perature. Core temperature > rectal temperature
> surface temperature.

Core Temperature Monitoring Sites

e Esophagus: Considering all factors such as
economy, accessibility, safetyand performance
lower end of esophagus is considered as best
site for core body temperature measurement.
The most accurate measurement of core body
temperature is provided by pulmonary artery,
however, is not employed routinely due to
cost, technical infeasibility and complications.

¢ Pulmonary artery: This provides most accurate
measurement but use is restricted only to
patients who have Swan Ganz (pulmonary
artery) catheter already in place.

e Nasopharynx: It measures not only core
temperature but also brain temperature
(because of close proximity of carotid artery)
but there is associated risk of epistaxis.

o  Tympanic membrane: Most accurately
measures brain temperature but the associated
risk of tympanic membrane perforation deters
its routine use.

Treatment of Intraoperative Hypothermia

*  Warm intravenous fluids.

* Increase room temperature: The ideal operation
theater temperature for adults is 21°C and for
children is 26°C.

* Cover the patient with blankets.

o Surface warming by warm air provided by
special instrument (Bair Hugger airflow
device) is the most effective method of treating
hypothermia in perioperative period

Uses of Induced Hypothermia

Hypothermia decreases basic metabolic rate

(BMR) and oxygen consumption of the body. Each

degree (°C) fall in temperature reduces the meta-

bolic rate by 6 to 7%. However, for clinical purposes

only mild hypothermia is produced (temperature

is kept between 32°-36°C). Hypothermia is

induced for:

« Brain protection in cardiac arrest.

+ Tissue protection against ischemia during
cardiac surgery.

* Neonatal asphyxia

NEUROMUSCULAR MONITORING

Neuromuscular monitoring is usually required for
patients suffering from neuromuscular diseases




and muscular dystrophies or in patients who had
received long-acting muscle relaxants.

A nerve is stimulated by placing electrodes
over its course and the response (visual and tactile
or electromyographic) is observed in the muscle
supplied by it. As the effect in Corrugator Supercilii
and Orbicularis oculi (supplied by facial nerve)
parallels with the laryngeal muscles they are the
ideal muscles for monitoring (Corrugator Supercilii
considered more ideal than Orbicularis oculi).
However, due to technical infeasibility of applying
electrodes over face, they are not used routinely;
most commonly used muscle for neuromuscular
monitoring is adductor pollicis supplied by ulnar
nerve, Other nerves which can be used are median,
posterior tibial and peroneal.

Stimuli Used for Neuromuscular

Monitoring

e Single twitch: A single stimulus is given for
0.2 milliseconds. Both depolarizing and non-
depolarizing muscle relaxants will cause
depression of single twitch in dose-dependent
manner.

¢ Train of four: Train of four is the most
commonly used modality for neuromuscular
monitoring in clinical practice (Fig. 6.3).
The monitor delivers 4 stimuli, each of 2 Hz
for 2 seconds and recordings are taken. Four
responses recorded are labeled as T, T,, T,
and T, [Fig. 6.3(i)]. The ratio of T4 to T1 (called
as TO4 ratio) is automatically calculated by
monitors. In normal condition, the amplitude
height of fourth and first response will be
same, i.e. T,/T, ratio will be 1.

Control (Normal) Depolanzing block
() ()

~ CHAPTERG: Monitoring in Anesthesi

It is observed that with depolarizing
muscle relaxants all four responses decrease
simultaneously in amplitude, i.e. T,/T,
remains 1 [Fig. 6.3(ii)] to finally become
0 when all four responses becomes absent
(required for intubation). With non-
depolarizing muscle relaxants, first there will
be decrease in T,/T, ratio followed by FADING
which means T, response will disappear first,
then T3 and so on. This is called as TO4 score.
If only one response is seen means TO4 score
is 1 and if 2 responses are seen means TO4
score is 2 [Fig. 6.3(iii)]. The reason for fading
seen with non-depolarizers is not only slow
and progressive blockage of acetylcholine
receptors at neuromuscular junction but also
slow and progressive blockage of acetylcholine
mobilization at prejunctional level.

Absence of T4 response [Fig. 6.3(iii)c]
means 75% blockade of receptors which is
sufficient for most of surgeries. Absence of
T3 [Fig. 6.3(iii)d] means 80% blockade and
absence of T2 [Fig. 6.3(iii)e] means 90% block
(Diaphragm is completely blocked at this
level). Intubation requires complete absence of
all 4 responses (100% block).

Train of four ratio is best utilized to assess
reversal. The ratio of 0.7 (i.e. fourth response
has a 70% height of first response) indicates
adequate recovery but recovery is guaranteed
only at a ratio of >0.9.

Train of four is also very useful in diagnosing
phase II block (which is seen in over dosage
of succinylcholine or abnormal plasma
cholinesterase activity). If the patient on

d ¢} G of =

Non-depolarizing block (Note the fading)
(1)

Fig. 6.3: Neuromuscular monitoring (Train of four response)
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succinylcholine shows fading, it is pathogno-
monic of phase I block.
Tetanic stimulation: A sustained stimulus of

50-100 Hz is given for 5 seconds. Depolarizers

will exhibit diminution of all responses while
non-depolarizers will show fading followed by
post-tetanic facilitation. This facilitation occurs
as a result of response generated by increased
acetylcholine released from prejunctional area
by tetanic stimulus.

Post-tetanic count (PTC): A stimulus is given
just after the tetanic stimulation. As discussed,
tetanic stimulation will increase acetylcholine
levels at neuromuscular junction. This
increased acetylcholine will replace some
molecules of non-depolarizers from its binding
site on receptors producing a response while
on the other hand the depolarizers produces
relaxation by making the membrane refractory
due to continuous stimulation, therefore
will not respond to increased acetylcholine.
Absence of PTC with non-depolarizers indi-
cates a very intense block.

Double burst stimulation (DBS 3, 3): As the
name suggests, two sets, each consisting of
3 stimuli of high frequency (50 Hz), are given
at a gap of 750 milliseconds. The results
are similar to other responses with non-
depolarizers exhibiting fading.

Tetanic, post-tetanic count and double

burst stimulus are very high intensity stimuli,
therefore are used to assess deep blocks or
where neuromuscular monitoring is done
by visual observation of movement (like
adduction of thumb after stimulating ulnar
nerve).
To conclude: Adductor pollicis (supplied
by ulnar nerve) is the most commonly
chosen muscle and Train of four is the most
commonly used stimulus for neuromuscular
monitoring. Fading, post-tetanic facilitation
and post-tetanic count are only exhibited by
non-depolarizing muscle relaxants.

CENTRAL NERVOUS SYSTEM (CNS)
MONITORING

CNS Monitors

Electroencephalogram (EEG)
Uses of EEG

To monitor the depth of anesthesia

To assess cerebral ischemia during neuro-
vascular surgeries (especially carotid
endarterectomy)

Effect of anesthetic agents and modalities on
EEG:

All inhalational and intravenous anesthetic
agent produces biphasic pattern on EEG,
i.e. at lower doses, they causes excitation
(high frequency and low amplitude waves)
followed by depression (high amplitude and
low frequency waves) at high doses with the
following exceptions:

Opioids only produce depression.

Nitrous oxide and ketamine only produces

excitation.

Opioids, benzodiazepines, dexmedeto-

midine and halothane cannot produce

complete suppression (i.e. isoelectric

EEG or electrocortical silence or burst

suppression) even at higher doses.
Similar pattern has been seen with hypoxia
and hypercarbia, i.e. early (mild) hypoxia
and hypercarbia produces excitation while
advanced hypoxia and hypercarbia produces
depression of EEG.
Hypothermia and cerebral ischemia produces
only progressive depression of EEG.

Evoked Responses

Somatosensory evoked response (SSER): Useful
for surgeries which put sensory tracts at risk
like spine surgeries, repair of thoracic and
abdominal aorta aneurysm, brachial plexus
exploration or surgery of brain area which
involves thalamus or sensory tract.

Brainstem auditory evoked response (BAER):
Useful for procedures involving auditory
pathways (like resection of acoustic neuroma)
and posterior fossa surgeries.

Visual evoked response (VER): Useful for
procedures which put visual tracts at risk such
as optic glioma, pituitary tumors etc.

Motor evoked response (MER): Useful for
surgeries which put motor tracks (at spinal
cord or brain) at risk

Effect of anesthetic agents and modalities on
evoked responses:

All inhalational agents, barbiturates, propofol,
benzodiazepines, neurological injury, ische-
mia, hypothermia, hypoxia inhibit evoked




responses, i.e. decreases the amplitude and
increases the latency (response time).

« Etomidate, ketamine, opioids and dexmedeto-
midine do not have any clinically significant
effect on evoked responses.

Monitoring the Depth of Anesthesia
Clinical Signs

Signs of light anesthesia are:

« Tachycardia, Hypertension.

» Lacrimation, Perspiration.

* Movement response to painful stimuli.

* Tachypnea, breath-holding, coughing,
laryngospasm, bronchospasm.

+ Eye movements.

» Preserved reflexes (like oculocephalic,
corneal)

Monitors

Electoencephalography (EEG)

Light anesthesia (subanesthetic depth) is indi-
cated by waves with high frequency and low
amplitude (Beta waves in frontal area). With the
increasing anesthetic depth, the waves become
larger in amplitude and slower in frequency
(appears like alpha waves). Further increase in
depth causes further slowing of EEG (theta and
delta waves). To conclude, it can be said that beta
waves in prefrontal area indicate light anesthesia
while theta and delta waves indicate deep
anesthesia.

Due to technical infeasibility, difficult inter-
pretation, artifacts, interpretation effected by
multiple factors, EEG cannot be employed
routinely to monitor the depth of anesthesia.
However, there are EEG based monitors which can
be utilized to monitor the depth of anesthesia.

EEG-based monitors

* Bispectral index (BIS) monitor: It was the
first scientifically validated and commercially
available monitor to monitor the depth of
anesthesia. It analyzes multiple facets of real-
time EEG to generate a score by set algorithm.
It exhibits a score of 100 for fully awake state
and 0 for completely silent brain. Bispectral
index score (BIS) score of 45-60 indicates
adequate depth.

* Patient state index: It is same like BIS index,
however, a score of 25-50 indicates adequate
depth.
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* Narcotrend: It analyzes EEG to give 6 stages,
from A to E A represents awake state while F
represents silent EEG.

«  Entropy: Entropy, which measures the degree
of disorder and synchrony in EEG to calculate
entropy score, is a new monitor.

As ketamine, nitrous oxide and dexmedeto-
midine do not causes depression of EEG therefore
EEG-based monitors cannot be utilized to monitor
the depth of anesthesia with these agents.

End-tidal anesthetic concentration

In spite of studies showing that maintaining end-
tidal concentration of inhalational agents between
0.7 and 1.3 MAC is as effective as BIS to monitor
the depth of anesthesia, it is not considered as
highly reliable because it is an indirect measure
of level of consciousness. Moreover, it can be
used only to monitor depth with inhalational
agents (cannot be used for total intravenous
anesthesia).

Auditory-evoked response

Although difficult to monitor but is considered
as reliable as BIS index to monitor the depth of
anesthesia.

Cerebral Blood Flow Monitors

« Xenon'” wash out—very cumbersome device

¢ Transcranial Doppler—very simple and non-
invasive method to monitor cerebral blood flow

* Jugular vein oxygen saturation

» Cerebral oximetry by special probes applied at
forehead

*  Thermodilution:Itis invasive method, 2 therm-
istors of different temperature are placed in
brain and difference in temperature is noted to
calculate blood flow.

Monitoring Nociceptin
Till date, we do not have a monitor which can
measure the intensity of pain during general

anesthesia and we have to rely on clinical signs
such as hypertension and tachycardia.

MONITORING BLOOD LOSS

Estimation of blood loss is done by weighing
blood-soaked swabs, sponges (Gravimetric
method) and estimation of blood loss in suction
bottle (Volumetric method). However, the most
accurate method is colorimetric method.

WIN- TR | |
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On an average (a rough guide): + Fullysoaked sponge means 100-120 mL ofloss.
» Fully soaked swab means 20 mL of loss. « Afistof clots means 200-300 mL of loss.

KEY POINTS

» In spite of availability of sophisticated monitors nothing can replace the vigilance of an anesthetist.

s The most preferred leads for ECG monitoring are lead Il and V,. Arrhythmia are best detected in lead Il and
ischemia’s in lead Vs,

» The maximum interval between two blood pressure recordings should not exceed more than 5 minutes.
Invasive blood pressure monitoring is considered as gold standard menitoring of blood pressure.

= As radial artery has collaterals (transpalmar arch) for the blood supply of hand, it is most commonly chosen
artery for cannulation.

s Measuring dynamic parameters like stroke volume variation by arterial cannulation may be considered as one
of the most recent and useful advancement in the field of monitoring.

s PAOP is best utilized to differentiate between cardiogenic and noncardiogenic pulmonary edema (ARDS).
Oxygen saturation of mixed venous blood is best guide to assess tissue perfusion (cardiac output).
In present day medicine transesophageal echocardiography (TEE) and transthoracic echocardiography (TTE)
are the best tools to assess cardiac function and detect wall motion abnormality, i.e. Ischemia in perioperative
period.

s Transesophageal echocardiography provides the best window for measuring and assessing cardiac functions
in intraoperative period.

s Co-oximeters are the special type of oximeters which can differentiate between normal and abnormal
hemoglobin.

» In current day practice all monitors use infrared absorption technique to measure concentration of all expired
gases except oxygen and nitrous oxide.
Capnography is the surest technique to confirm intubation.
Electrical impendence pulmonometery is the simplest and most commonly used method to detect apnea in
a non-intubated patient.

s Hypothermia is the most common thermal perturbation seen during anesthesia.

= Temperature should be monitored in patients receiving general anesthesia >30 minutes and in all patients
whose surgery lasts > 1 hour (irrespective of type of anesthesia).

» Lowerend of esophaqus is considered as best site for core body temperature measurement. However, the most

accurate measurement of core body temperature is provided by pulmonary artery.

Each degree (°C) fall in temperature reduces the metabolic rate by 6 to 7%.

Most commonly used muscle for neuromuscular menitoring is adductor pollicis supplied by ulnar nerve.

Train of four is the most commonly used modality for neuromuscular monitoring in clinical practice.

Fading, post-tetanic facilitation and post-tetanic count are only exhibited by non-depolarizing muscle relaxants.

Bispectral index (BIS) monitor is the first scientifically validated and commercially available monitor to assess

the depth of anesthesia.



CHAPTER

Fluids and Blood Transfusion

FLUIDS + Blood.
Table 7.1 shows differences between crystal-

Fluids are divided into crystalloids and colloids.
loids and colloid solutions.

Crystalloids
. Rjnger lactate (RL) CRYSTALLOIDS
S s Balanced Salt Solutions

¢ Glucose solutions " .
+ Dextrose with normal saline preparations HRinger Lactate Solution

(DNS) (RL; Hartmann Solution)
* Hypertonic saline. Composition of ringer lactate is:
Na* 131 mEq/L
Colloids cl 111 mEq/L
¢ Dextrans K 5mEq/L
«  Albumin Ca* 2mEq/L
* Gelatins Lactate 29 mEq/L
¢ Hydroxyethyl starch pH=6.5

B Table 7.1: Differences between crystalloids and colloid solutions
PSR e G o

hypertonic saline)
+ Intravascular half-life 30 minutes so expands plasma volume  + Expand plasma volume for 2-4 hours
for less time
+ Cheap + Expensive
- Crystalloids should be replaced in a ratio of 1.5:1. « Replaced in 1:1 ratio (100 mL of blood loss
For example, blood loss of 100 mL should be replaced with should be replaced with 100 mL of colloid)
150 mL of crystalloid
+ Can precipitate edema by easily diffusing to interstitial + Decreases cerebral edema and pulmonary edema
compartment by increasing intravascular oncotic pressure

+ Does not interfere with clotting or causes renal dysfunction  « Colloids in high doses can interfere with clotting
(by primarily decreasing factor Vil level) and
causes renal dysfunction

= No such effect + Dextrans can cause rouleaux formation and
interfere with blood grouping

- Allergic reactions are rare - Allergic reactions are common
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Ringer lactate is slightly hypotonic (Osmolarity
273 mosm/L). Lactate is metabolized to
bicarbonate.

As RL contains calcium blood should not be
given through the same drip set.

Plasmalyte
The composition of plasmalyte is:
Na’ 140 mEq/L
Cl 98 mEq/L
K' 3mEq/L
Mg 3 mEq/L
Acetate 27 mEq/L

Gluconate 23 mEq/L

Acetate and gluconate are metabolized to
generate bicarbonate.

The concerns that lactate in ringer lactate can
causelacticacidosislead to evolution of plasmalyte.
However, this concern may be only applicable
to liver failure patients who cannot metabolize
lactate. As plasmalyte has low potassium it may be
preferred for renal failure patients otherwise for
a normal patient plasmalyte offer no substantial
advantage over Ringer lactate and is almost 3 times
more expensive making Ringer lactate to be the
preferred crystalloid.

Normal Saline

It is 0.9% NaCl isotonic solution.

Na' 154 mEq/L

cr 154 mEq/L

As normal saline contains high sodium
and chloride it can cause hypernatremia and
hyperchloremic metabolic acidosis (increase
chloride decreases bicarbonate). It is only
preferred over ringer lactate for treating:
» Hypochloremic metabolic alkalosis.
 Braininjury (Ca™ in ringer lactate can increase

the neuronal injury).
¢ Hyponatremia.

Glucose Solutions (5% Dextrose)

These are isotonic but with the metabolism of

glucose inside body they become hypotonic.
Blood cannot be given through the same

drip set otherwise rouleaux formation will cause

clumping of RBCs.

Dextrose Normal Saline (DNS)
« DNSis hypertonic.

e 1/5NS +4.3% dextrose and 5% dextrose + 1/4
NS are isotonic solutions. These are used as
maintenance fluids.

Hypertonic Saline

Used for treating:

¢ Hyponatremia.

» Cerebral and pulmonary edema; 3% hyper-
tonic saline is now even preferred over
Mannitol.

COLLOIDS

Dextrans (Lomodex)

Available as Dextran 70 (molecular weight 70,000
Daltons), 150 (molecular weight 1,50,000 Daltons)
and 40 (molecular weight 40,000 Daltons).

» Dextrans are polysaccharides.

» These solutions can be stored for 10 years.

« Halflife of dextrans is 2-8 hours.

Advantages

» Dextrans are neutral and chemically inert.

« Low molecular weight dextran (Dextran 40)
improves microcirculation therefore useful for
vascular surgeries.

Drawbacks

e Dextrans interfere with blood grouping and
cross matching.

« Interferes with platelet function.

« (Can cause severe anaphylaxis.

» Large molecular weight dextrans can block
renal tubules.

* ARDS (rarely) because of direct toxic effect on
pulmonary capillaries.

Albumins

Available as 5% and 25% solution. Albumins have
an intravascular half-life of 10-15 days but are
quite expensive. Albumin is more useful if there is
protein loss like in peritonitis, liver failure, burns
and protein losing enteropathies/nephropathies.

Gelatins (Haemaccel)

* Molecular weight: 30,000.

* Available as 3.5% solution.

» Composition of Haemaccel: Each liter
contains:

¢ Gelatin:35g




¢ Sodium: 145 mEq
¢ Chloride: 145 mEq
* Potassium: 5 mEq
* Calcium: 12 mEq

Expand plasma effectively for 2 hours (25% may
be present in blood after 12 hours).

At clinically used doses gelatins do not
interfere with blood grouping, platelet function
and clotting but at high doses they can also
interfere with clotting. There is always a possibility
of severe anaphylactic reactions.

As haemaccel contains high calcium therefore
citrated blood should not be mixed.

Hydroxyethyl Starch

Two kind of hydroxyethyl starches available are
Hexastarch and Pentastarch. Hydroxyethyl starch
(Haes-Steril) are the most commonly used colloids
in current day practice. They are available as 6%
and 10% solution. They have prolonged half-life
and expand plasma effectively for 4 hours.
Although at clinically used doses they does not
interfere with clotting but at high doses (>20 mL/kg)
they also interfere with clotting and can cause renal
dysfunction. Allergic reactions are less common.
Allergic reactions and interference with clotting
are almost same with Pentastarch and Hexastarch.

Hextend

Hextend is another hydroxyethyl starch which also
has glucose and lactate and is considered to effect
coagulation less than hydroxyethyl starch.

FLUID MANAGEMENT

Fluids are required in intraoperative period for
maintenance and replacement (for losses).

Maintenance Fluids

Hourly maintenance requirement is calculated by
formula of 4-2-1.

Up to 0-10 kg =4 mL/kg/hr

10-20 kg =2mL/kg/hr

>20 kg =1mL/kg/hr

Example: For a patient of 50 kg hourly fluid
requirement will be calculated as:
Upto10kg @4 mL/kg =40 mL

10-20kg @2mL/kg  =20mL
20-50kg@ 1 mL/kg  =30ml
Total =90mL

@ = at the rate of
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Selection of fluid for maintenance: Anesthesia
and surgery are the stressful situations which
releases GH, cortisol and catecholamine leading
to hyperglycemia. Therefore, balance salt solutions
without dextrose should be used, Ringer lactate,
being considered as fluid most near to normal
body composition, is the fluid of choice for
maintenance.

As thought previously, children are not so
prone for hypoglycemia; therefore dextrose
containing solutions along with hyperglycemia
of stress can cause hyperglycemia and its con-
sequences in pediatric population too. Therefore,
even for children the fluid of choice for maintenance
is Ringer lactate. As children are prone for fluid
overload therefore they should receive only
two-third of the fluid calculated by 4-2-1 formula.

Replacement Fluids

Hemorrhagic shock with loss > 20% of blood

volume should be managed by blood replacement.

Non-hemorrhagic shock and hemorrhagic shock

with volume loss < 20% is managed by crystalloids/

colloids. Crystalloids are preferred over colloids
due to the following reasons:

« Crystalloids not only replace intravascular
volume but they also replace extravascular
volume (and cellular hydration depends on
extravascular volume).

¢ Crystalloids do not interfere with clotting
while all colloids in high doses can interfere
with clotting.

« Colloids can cause renal dysfunction

¢ Colloids are expensive

¢ There is risk of anaphylactic reaction with
colloids.

Contrary to the previous belief that 2/3rd of
the crystalloid crosses the endothelium to
enter the extravascular space (interstitium)
and therefore should be replaced in a ratio
of 3:1 to intravascular volume loss, it has
been now been proven that only 40-50%
of crystalloids crosses the endothelium.
Therefore, crystalloids should be replaced in a
ratio of 1.5:1. For example, blood loss of 100 mL
should be replaced with 150 mL of crystalloid
Therefore, it can be well concluded that
colloids are only reserved for severe shock where
maintenance of intravascular volume is vital.

Mild to moderate shock should be managed by

crystalloid.
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Crystalloids of choice for replacement are
balanced salt solutions (Ringer lactate preferred)
while colloid of choice is albumin. However, due
to very high cost and possibility of bacterial
contamination albumin is not used and hydro-
xyethyl starches are continued to be the most
popular choice in most of the world including
India.

Calculation of intraoperative fluid: It includes
maintenance fluids (calculated by 4-2-1 formula)
+ fasting deficit (maintenance fluid x hours of
fasting, 50% given in 1st hour, 25% in 2nd and 25%
in 3rd hour) + 3rd space loss (vary from 2-6 mL/
kg) + compensatory intravascular expansion (as
compensation to effect of anesthesia of decreasing
cardiac output) + losses.

As a rough guide during surgery, fluid is given
atrate of 10-12 mL/kg in 1st hour and later at a rate
of 5-7 mL/kg /hour + losses.

Guiding Parameters for Fluid Therapy

Studies done over last few years have shown that

fluids given randomly without guiding parameters

(maintenance by 4-2-1 formula and replacement

in 1:3 ratio) causes fluid overloading. This lead to

the concept of goal directed therapy (GDT). GDT
means giving fluids by measuring dynamic cardiac
functions such as:

+ Flow time through aorta (target should be >400
milliseconds)

e Stroke volume and pulse pressure variation
(means variation in stroke volume and pulse
pressure during inspiration and expiration).
Variation >10-15% confirms hypovolemia

* Cardiac output.

These dynamic parameters can be measured
by esophageal Doppler, transesophageal echo-
cardiography or simply by pulse contour devices
like Flotrac (these devices analyses the radial pulse
contour to derive these dynamic parameters).

In the absence of above said monitors
pulmonary artery occlusion pressure (PAOP) can
be used. PAOP < 8 indicates severe hypovolemia
and > 18 indicates fluid overload.

Although the static parameter, i.e. CVP is most
commonly used (due to technical feasibility and
cost) however, the dynamic parameters like stroke
volume variation, pulse pressure variation, cardiac
output and PAOP are far more superior to CVP for
determining the fluid status and titrating the fluid

therapy. Among the dynamic parameters stroke
volume variation is considered as most reliable to
assess fluid status and titrate fluid therapy.

Practical Guideline for Fluid Therapy

The practical recommendation is that normal
Patients undergoing minor to moderate surgeries
are given maintenance fluids by 4-2-1 formula
and replacement fluids in ratio of 1:1.5 however
the patients suffering from major morbidity
(especially cardiac and renal) and undergoing
major surgeries should receive fluid by GDT.

Fluids for Certain Clinical Situations

Commonly Encountered

* Renal failure: Fluids should be guided by
cardiac monitoring (goal directed therapy).
Crystalloid without potassium (Hemosol)
is preferred. Normal saline by causing
hyperchloremic acidosis can cause hyper-
kalemia therefore should not be used. Colloids
(particularly hydroxyethyl starch) cause renal
dysfunction and therefore must not be used.

o Liver failure: Fluids should be guided by
cardiac monitoring. Metabolism of lactate and
acetate is reduced so balance salt solutions
should be used carefully. Albumin is preferred.

« Cardiac failure: Fluids (either crystalloids
or colloids) must be guided by cardiac
monitoring. Colloids in low volume may be
beneficial by decreasing edema in congestive
heart failure.

o Intestinal obstruction: Except for upper GI
losses (where due to hypochloremic alkalosis
Normal saline is preferred) Ringer lactate is
the fluid of choice for GI losses.

» Cerebral edema and pulmonary edema
(ARDS): There is no doubt that colloids are
excellent in reducing cerebral and pulmonary
edema (by increasing intravascular oncotic
pressure) if there is no endothelial injury.
Previous concern that endothelial damage
leads to extravasation of colloids and aggravate
edema has not been substantiated therefore,
if needed, colloids can be safely used in head
injury or ARDS. Hyperglycemia can worsen
neuronal injury therefore dextrose containing
solutions should not be used in case of cerebral
edema.



e Burns: The conventional method of giving
fluid is as per parkland formula, i.e. for first
24 hours give ringer lactate at a rate of 4
mL/kg/% of burns (of this total fluid 50% is
to be given in 8 hours and remaining 50%
in next 16 hours) has led to fluid overload
therefore current recommendation is to start
fluid as per parkland (or any other) formula
but immediately start tapering once urine
output becomes > 0.5-1 mL/kg/hr. Colloids
previously were considered contraindicated
in acute phase but now can be given even in
acute phase, if necessary.

»  Shock (Hypovolemia): Crystalloids preferred
over colloids and among crystalloids ringer
lactate is the fluid of choice. (For detailed
management of shock see Chapter 40, page no.
285).

»  Sepsis: There is very high possibility of renal
impairment (or impending impairment)
therefore colloids should be avoided.

Other Routes of Fluid Administration

In case of emergencies where vein is not accessible:

e Intraosseous route: A large needle is inserted
in medullary cavity of upper tibia. As per new
guidelines this route is now recommended for
all ages. All medicines and fluids can be given
through this route.

*  Subcutaneous after administration of hyaluro-
nidase into outer side of thigh. Not considered
areliable route.

BLOOD TRANSFUSION

Indications for Transfusion

Considering the complications associated with
blood transfusion, the approach in present day
practice is towards the minimum use of blood
products (called as restrictive approach to trans-
fusion). The general guidelines for transfusion are:

B Table 7.2: Compatibility tests

Antl B antlbodles

Antlgen A
Bz ré i )

AB (Umversal recnpnent)
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» Blood loss greater than 20% of blood volume

+ Hemoglobin level less than 8 gm% in normal
patient

» Hemoglobin level less than 9 to 10 gm% in a
patient with major disease like ischemic heart
disease.

» 1 unit of blood raises the hemoglobin by 0.8
g% in India while in western countries by 1
g% because in India, 1 unit of blood = 350 mL
(301 mL of blood + 49 mL of anticoagulant)
while in western countries 1 unit contains
450 mL (out of which 63 mL is anticoagulant).
One unit of fresh blood (with 100% RBCs while
stored blood has only 70% RBCs) increases Hb
by 1 g%.

* Blood products should not be mixed with
5% dextrose (dextrose can cause hemolysis),
ringer lactate and hemaccel (as these solutions
contain calcium which with citrate can induce
clot formation).

Blood Grouping and Compatibility Testing

Although red cell membrane contains more than
300 antigens and 20 blood group antigens are well
known but still the most important is ABO grouping
because most serious mismatch transfusions
reactions are usually caused by ABO incompatible
blood.

An individual who lacks particular antigen
will have antibodies against that antigen in his/
her serum. For example in a person with antigen
A on RBC (group A) will have antibodies against B
antigen and similarly group B individual will have
antibodies against A antigen (Table 7.2).

Compatibility Tests

e ABO-Rh typing (determining blood group):
First step is to determine patient’s blood group
in which patient’s red cells are tested with
serum known to contain antibodies against
A or B. Red cells are also tested with anti D
antibodies to determine Rh +ve or -ve.

Group A AB Group A, [0}
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» Cross matching: Patient’s (recipient) serum
is mixed with donor cells. It involves three
phases. In first phase ABO incompatibility
is determined. It takes 1-5 minutes. Second
phase determines antibodies of Rh system.
It takes 30 minutes. Third phase (indirect
antiglobulin test) determines incomplete
antibodies of other system like Kell, Duffy etc.

» Antibody screening: It is done in both donor
and recipient plasma to detect antibodies
known to cause non-ABO hemolytic reactions.

Type and Screen

In this technique ABO Rh typing (blood grouping)
and antibody screening is done (i.e., cross match
not done). This is based on the fact that incidence
of hemolytic reactions with only type and screen
is less than 1% (0.01%). So it is advocated that
for surgeries in which chances of transfusion are
less than 10% only type and screen is done and
if transfusion is required then only cross match
should be done.

Emergency Transfusion

If there is no time to determine ABO group (or
there is some problem in determining recipient
blood group) then O -ve (universal donor) red cells
should be used. O -ve red cells are preferred over
O -ve whole blood because it is seen that some
O -ve donors may have anti-A and anti-B
antibodies in their plasma.

Storage of Blood

Blood is stored in the cold part of refrigerator at 4°C

(never in the freezer).

e It can be stored for 21 days if acid citrate
dextrose is used.

¢ It can be stored for 35 days if the preservative
anticoagulant solution used is CDPA-1
C for Citrate as anticoagulant.

D for Dextrose as energy source for red cells.
P for Phosphate as buffer.

A for Adenine to increase the red cell survival.
CDPA is most commonly used anticoagulant
in India.

« It can be stored for 42 days if anticoagulant
preservative solution used is ADSOL (Adenine,
glucose, mannitol and sodium chloride)
or NUTRICE (Adenine, glucose, citrate,
phosphate and NaCl) and Optisol.

Changes in Stored Blood

pH : Decreases (6.98 at 35th day of
storage)

Hemoglobin  : Decreases (70% at 35th day)

concentration

Hematocrit : Decreases (40% at 35th day)

Potassium : Increases

2,3 DPG level :Decreases (< 1 um/mL at 35th
day; normal is 13.2 pm/mL)

Platelets : Decreases (only 5% at 48 hours)

Clotting factors : Factor V only 15% at 21 days,
Factor VIII only 50% at 21 days.
Rest all factors are comparatively
stable in stored blood.

Massive Blood Transfusion

It is defined as transfusion of blood more than
patient’s blood volume (5 liters) in less than
24 hours. It also implies transfusion of more than
10% of blood volume in less than 10 minutes.

Blood Component Therapy
Packed Red Blood Cells (PRBC)

In current day practice it is the packed red cell unit
which is always preferred over whole blood due to
the following advantages:

» Infectious and allergic problems related to
plasma can be avoided.

» Cardiac overload due to whole blood can be
avoided.

« Whole blood can be utilized to extract other
products like fresh frozen plasma, platelets,
cryoprecipitate, white cells, etc.

+ Hematocrit of packed cell unit is 70% and the
volume is 250 mL.

* The half-life of transfused RBCs is less
(60 days).

Frozen RBCs

« Theseare expensive but the chances of reaction
and disease transmission are very low.

« The frozen RBCs can be stored up to 10 years.
Intercellular 2, 3 DPG can be retained for years
in frozen RBCs.

Fresh Frozen Plasma (FFP)

* In FFP, plasma is frozen within 6 hours of
collection,

¢ Volume is 225 mL.




* FFP contains all coagulation factors and
plasma proteins.

Indications of FFP

* Treatment of coagulopathies associated with
liver diseases, blood transfusion, etc.

* Reversal of warfarin therapy.

* Antithrombin III deficiency.

¢ Plasma protein deficiency (fresh frozen plasma
is poor man’s albumin).

* Each unit of FFP increases the level of each
clotting factor by 2-3% (initial volume of
infusion is 10-15 mL/kg)

* ABO compatibility with FFP may not be
necessary but highly desirable.

Platelet Concentrates

Volume: 50 mL.

Platelets are the only blood products which
are stored at room temperature. Survival at
room temperature is 4-5 days while at 4°C it is
24-48 hours.

* 1 unit of platelet increases the count by
5,000-10,000.

* Transfused platelets generally survive for
2-7 days following transfusion.

* ABO compatibility is desirable but not neces-
sary (if large number of units are to be given
then ABO compatibility becomes necessary).
Rh matching is highly desirables for young
female patients to avoid Rh immunization in
future pregnancies.

* Since platelets are derived from multiple
donors, the chances of disease transmission
are high. Single donor platelets (SDP), where
multiple units of platelets are derived from
single donor by apheresis machine, can
largely solve this problem. One unit of SDP is
equal to 5-8 units of random donor platelets
(RDP) therefore increases platelet count by
approximately 30,000-40,000.

¢ As the platelets are stored at room tem-
perature (which promotes bacterial growth),
the chances of infection is further increased
with platelets.

Cryoprecipitate
Volume: 10 mL.

1 unit of cryoprecipitate contains 80-145
units of factor VIII and 250 mg of fibrinogen.
Cryoprecipitate also contains factor XIIT and von
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Willebrand's factor. Cryoprecipitate is pooled
from many donors so there is maximum chance
of disease transmission among all blood products.

Granulocyte Precipitate
Indicated for neutropenic patients.

COMPLICATIONS OF BLOOD
TRANSFUSION

Transfusion Reactions
These reactions may be allergic or hemolytic.

Hemolytic Reactions

Hemolytic reactions can be:
* Acute
¢ Delayed

Acute hemolytic reactions: These are usually due
to ABO incompatibility (mismatch reaction). The
most common cause of these transfusion reactions
is clerical error. There is intravascular hemolysis.
Incidenceis 1 in 6,000 to 1 in 40,000 (fatal hemolytic
reaction incidence is 1 in 100,000). Blood as low as
10 mL can produce hemolytic reaction.

Clinical manifestations: The awake patient
presents with pain and burning in vein (earliest),
fever with chills and rigors, nausea and vomiting,
flushing, chest and flank pain, dyspnea.

In anesthetized individual it is manifested as
tachycardia, hypotension (therefore regular blood
pressure monitoring during early transfusion is
necessary) and oozing from surgical site (more
specific).

It is confirmed by hemoglobinuria. The
hemoglobin crystals block the renal tubules
leading to acute renal failure.

Management

* Stop transfusion.

* Recheck the details of blood slip.

« Send the remaining blood back to blood bank.

= Maintain the urine output (1-2 mL/kg/hr) by
mannitol and fluid administration.

¢ Dopamine in renal doses (2-5 pg/kg/min)
improves renal blood flow.

¢ Alkalinize the urine.

* Hemodialysis.

* Assay urine hemoglobin, platelet count,
fibrinogen level and PTT (to diagnose DIC) and
replace with blood components accordingly.
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Delayed hemolytic reactions: These are extra-
vascular hemolytic reactions. These are usually
due to Rh system or other systems like Kell,
Duffy, etc. These reactions are mild and seen
after 2-21 days. These reactions are diagnosed by
Coomb's test. The treatment is only supportive.

Treatment: Only supportive.

Allergic Reactions

These are usually mild, manifesting as urticaria
and are mainly due to plasma proteins.

Treatment: Antihistaminics (Avil) + Steroid.
At times (1 in 150,000) these reactions may be
anaphylactic. Management includes:
« Immediately stop the transfusion.
¢ Adrenaline and steroids.

Febrile Reactions

Incidence is 1-3%. These are due to infusion
of white cell microaggregates. The incidence of

these reactions can be minimized by the use of

microfilter blood sets with pore size of 20-40 um
instead of conventional blood sets with pore size
of 170 uym which permits the infusion of WBC
microaggregates or by using blood products with
leukoreduction. These febrile reactions are mild
and generally require no treatment.

Infectious Complications

Chances of infectious complications are more
with pooled products (derived from large number
of donors) like cryoprecipitate.

Hepatitis

« Incidence is 1 in 2,00000 to 1 in 9,00000.

= 90% of these are due to non-A non-B (hepatitis
C) virus.

Acquired Immunodeficiency Syndrome (AIDS)

« Incidenceis 1 in 900000.
+ Itis because of HIV-1.

Other Viral Diseases

Cytomegalovirus (can produce severe infection
in immunocompromised patients), Epstein Barr
virus, human T cell lymphotropic virus (HTLV-1
and 2) and parvovirus.

Bacterial Infections

Bacterial contamination is the second most
common cause of transfusion related mortality.
The contamination most commonly occurs with
Pseudomeonas (it can grow at 4°C) but can be due
to gram-positive like Staphylococcus. Although
rare but transmission of syphilis, brucellosis,
Salmonella, Yersinia and rickettsial diseases
has been reported. Therefore it is strongly
recommended that blood products should be
transfused within 4 hours.

Parasitic

Malaria (Malarial parasite may survive for 3
weeks in stored blood) Toxoplasma, Filariasis,
trypanosomiasis.

Noninfectious Complications

Fluid Overload and Pulmonary Edema
Seen in cardiac compromised individuals.

Metabolic

Metabolic complications are usually seen after

massive transfusion.

* Hyperkalemia: Stored blood has high
potassium levels.

* Hypocalcemia: Citrate chelates calcium
however hypocalcemia is not seen during
routine transfusion.

The indications for calcium replacement during

transfusion are:
Blood given at a very fast rate (Liver does
not get sufficient time to metabolize
citrate)

- Liver diseases.

- Massive blood transfusion (citrate load is
too high)
Severe hypothermia (decreases citrate
metabolism).

* Hyperammonemia.

Acid-base Abnormalities

Blood gases show variable results. Acidic pH
of stored blood causes acidosis while citrate
metabolism causes alkalosis. In massive trans-
fusion alkalosis is more common due to citrate
intoxication (one molecule of citrate generates 3
molecules of bicarbonate).




Coagulation Abnormalities

Massive blood transfusion causes dilutional
coagulopathies especially dilutional thrombo-
cytopenia (stored blood has no platelets and
concentration of other clotting factors is also less).
Dilutional coagulopathies leading to disseminated
intravascular coagulation (DIC) is the usual cause
of death after massive blood transfusion.

Management

Treatment should be initiated only if (not prophy-

lactically after 3-4 units as practiced in past)

» Thereis bleeding from surgical site which is not
getting controlled by surgical hemostasis or
there is bleeding from intravenous site, mucous
membranes or petechial hemorrhages.

« PT,APTT > 1.5 times of normal

« Fibrinogen < 75 mg/dL

» Platelet count < 50,000

Treatment includes

+ Fresh blood (collected and used within 6 hours
without refrigeration)—Logistically difficult to
obtain but is the best modality of treatment.
(Provides all coagulation factors and platelets)

»  Fresh frozen plasma.

* Specific blood component therapy.

+ Platelets.

Hypothermia

Significant hypothermia is only seen with massive
transfusion. Blood should be warmed to 37°C
before infusion.

Immune Complications

» Immunomodulation (suppression of immune
system). Whether this immunomodulation
leads to increase incidence of bacterial
infections or malignancy is not known.

« Graft versus host reaction (especially in
immunocompromised patients)

e Alloimmunization (production of antibodies)
against own RBC, platelets and HLA.
Alloimmunization against platelets can
produce post-transfusion purpura.

Transfusion-related Acute Lung Injury (TRALI)

TRALI manifest as hypoxia within 6 hours of
transfusion. Although it can occur with any blood
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product, however it is most commonly seen with
fresh frozen plasma. Exact pathophysiology is
not known but most probably it is due to damage
to alveolar capillary membrane by anti-HLA or
antileukocytic antibodies.

The management is same like ARDS. Despite
majority of the patients recovering within 96 hours
TRALI remains the leading cause of death due to
blood transfusion.

Disseminated Intravascular

Coagulation (DIC)

Causes may be:

« Mismatched transfusion reaction.

« Dilutional coagulopathies leading to activation
of coagulation system.

Tissue Hypoxia

Decrease in 2,3 DPG in stored blood can shift
oxygen dissociation curve to left and at least
theoretically can produce tissue hypoxia

Synthetic Oxygen Carriers (Artificial
Blood)

« Perfluorocarbon emulsion called as

Fluosol-DA.

« Perfluorooctyl bromide.
* Recombinant hemoglobin.
» Recombinant erythropoietin.

These synthetic oxygen carriers may be a
good replacement of blood in future. These will
be particularly useful in Jehovah's witness patients
who refuse to receive the blood transfusion
because of their religious beliefs.

AUTOLOGOUS BLOOD TRANSFUSION

As the name suggests, patient’s own blood is taken
and replaced back when necessary. The main
advantage of autologous blood transfusion (ABT)
is that there is no risk of disease transmission and
transfusion related reaction can be avoided. Three
techniques are employed for autologous blood
transfusion.

Predonation

3 to 4 units of patient’s own blood is taken before
surgery [subject to condition that hematocrit
should not fall below 35% and hemoglobin
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below 11 gm% (most of the centers in India accepts
up to 10 gm%)] and stored in blood bank .

Last blood donation should not be scheduled
less than 72 hours before surgery (time required
for plasma volume to return to normal) and should
not be later than 4-5 weeks (maximum time for
which blood can be stored with CDPA).

The major disadvantage of this technique
is that the incidence of mismatch transfusion
reactions remains same (because patient’s blood
is stored in blood bank and the most common
cause of mismatch transfusion reactions is clerical
errors)

Normovolemic/Isovolemic Hemodilution

Blood is removed just prior to surgery and volume
replaced with crystalloid or colloid to produce
hemodilution; the target Hematocrit should
be 25-28%. (Studies have shown that oxygen
delivery to the tissues is better at low hematocrit
as compared to normal hematocrit). Blood can be
transfused back whenever necessary (preferably
within 6 hours to preserve platelet function).
Since blood is taken in Operation Theater, there
is no risk of mismatch transfusion. Negligible cost
of technique, technical feasibility, no risk of mis-
match transfusion or any other major complication
and improved oxygen delivery to tissues makes

KEY POINTS

Normovolemic/Isovolemic hemodilution as the
most widely used technique for autologous blood
donation.

Blood Salvage and Reinfusion

Patient’s lost blood is saved (salvaged) in a special
device, processed (washed, tissue debris, clots, etc.
removed), concentrated and transfused back. The
major limitation is the cost of the device. Other
complications which can occur are air embolism,
renal failure due to blockage of renal tubules by free
hemoglobin (produced as a result of hemolysis of
red cells by excessive suction pressure), infection
and disseminated intravascular coagulation
(DIC) (shed blood undergoes varying degree of
coagulation and fibrinolysis producing DIC).

Contraindications of Autologous
Blood Transfusion

Absolute: Blood should not be saved and trans-
fused back if it is infected or contains malignant
cells.

Other relative contraindications are sickle
cell disease, patient suffering from coronary
artery disease or cyanotic heart disease, and
if the likelihood of requirement of blood is
less than 10%.

(which should be done by fluids).

Crystalloids should be replaced in a ratio of 1.5:1 to intravascular volume loss while colloids in a ratio of 1:1.
Colloids in high doses can interfere with clotting and causes renal dysfunction.

Ringer lactate is the most preferred fluid for maintenance as well as replacement.

Children are prone for fluid overload therefor