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A Very Simple Thought to Kill Piracy 

How much are we justified in getting the photocopy of original books? 

What psychology do we have tha t we do not mind spending any amount of money on entertainment, 
electronic gadgets, fashion, food or fiction books, but for professional books, we feel burdened in 
spending even a little amount wh ich may be just a cost of popcorn at the multiplex or a burger 
meal at a fast food point. Do not we think that it is the same profession by which we are earning for 
entertainment, electronic gadgets, fashion, food or fiction books? 

By doing this, are not we insulting our profession or in fact ourselves? 
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 Lricd my best to incorporate the most recent advances in drugs, equipment 
and techniques; Cardiopulmonary resuscitation (CPR) guidelines are based on American Tleart 
Association (AHA) 2015 guidelines. All the chapters have been thoroughly revised and updated with 
addition of few new chapters; there have been significant changes in almost all chapters. 

This edition has been divided into nine sections providing a basic knowledge of physiology and 
pharmacology related to anesthesia, anesthesia machine a nd equipment, va rious anesthetic drugs 
and techniques in normal subjects and patients suffering from medical ailments and subspecialty 
management. I 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 a utho r/ 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., ew Delhi, India, for their efforts in 
bringing out this book in this elegant shape. 

AjayYadav 





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 10 write Short Textbook ofAnesthesia. 
In this book, I put my efforts to provide a comprehensive text keeping more focus on copies which 

are frequently asked in various pre-PG examinations. 
One more point I kepi in mind while writing this book was to take care of the controversies 

common.ly 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, whi le 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 ofluck to all the students appearing for the various pre-PG examinations. 

AjayYadav 
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Plate 1 

Fig. 2.12: Desflurane (with blue dial knob) and sevoflurane (with yellow dial knob) vaporizer 
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Expiratory tubing Sodalime (Indicator is ethyt violet) 

Fig. 2.19: Components of closed circuit 



Plate 2 

Fig. 3.1: Guedel's oropharyngeal airway 

Fig. 3.2: Facemask 

Fig. 3.4: AMBU bag (Note there Is an option for attaching 
reservoir bag and oxygen supply) 

Fig. 3.5: Macintosh laryngoscope 

Fig. 3.6: McCoy laryngoscope 

Fig. 3.7: Bullard laryngoscope 



Plate 3 

Fig. 3.8: C-MAC laryngoscope and p icture of glottis seen on screen 

Fig. 3. 1 0: Laryngeal mask airway (Classic) Fig. 3 .15: LMA C-Trach 

Fig. 3.14: I-Gel Fig. 3. 1 7 A: Cuffed endotracheal tube (PVC type) 



Plate 4 

Fig. 3.19: Double lumen tube 
(Note 2 cuffs, 2 pilot system and 2 ventilation ports) 

Fig. 3.20: Heat and moisture exchanger 
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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 
carina is 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 leuel 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, 
the refore the traditional approach had been not to 
use cuffed tube in children, however this approach 
is not followed in current day practice. 

erve 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. 

Vocal cord 

Rings of trachea 

Vestibular fold 

Cuneiform cartilage 

Vocal fold 

,•"'----- Comiculate cartilage 
""-=~~~~~ ----- Aryepiglottic fold 

Fig. 1.1: Laryngoscopic view of larynx 
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Paralysis of Nerves of Larynx 
Para lysis of recurren t laryngeal nerve of 
o ne 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 (poster ior 
cricoarytenoids) will go first (Semon's Law) 
causing the cords to be held in adduction 
producing resp iratory strido r. 
In complele paralysis of recurrenl 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, 
strido r, aphonia and complete obstruction. 
A tracheostomy is usually required fo r the 
management. 
In complete paralysis of both recurrenl and 
superior laryngeal nerves, the cords are held in 
mid-position (cadaveric position). 
Cords are also in cadaveric posilion during 
aneslhesia with muscle relaxants. 

Trachea 
Length of the trachea is 10- 12 cm. 
It starts from cricoid ring (C6) and ends at 
carina (TS). Anteriorly carina corresponds 
to second costal carrilage at the junction of 
manubrium wilh sternal body (angle of Louis). 
It consists of 16- 20 incomplete rings. 

• The diameter of trachea is 1.2 cm. 

Bronchial Tree (Fig. 1.2) 
At carina trachea divides into right and left main 
bronchus. Distance of car ina from upper incisors 
is28-30 cm. 

Further right main bronchus divides into right 
upper, middle and lower Jobe bronchus and left 
main bronch us 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 childre n the angle of both righ t and left 
bronchus is same, i.e. ss• up to the age of 
3years. 
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 b ronchus 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 fur ther subdivided into superior and 
inferior segment bronchi. 

Left lower lobe bronchus d ivides into apical, 
anterior basal, posterior basal and la teral basal 
segment bronchi. 

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

Upper lobe: Apical, posterior and anterior. 

Middle Jobe: Lateral and medial. 

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

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

Upper lobe: Apical, posterior and anterior. 

Lingular lobe : Superior "lingular a nd inferior 
linguJar. 

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

These segmental bronchi fu rther divide and 
re-d ivide till terminal bronchioles. Further these 
terminal bronchioles lose their cartilage to fo rm 
respiratory bronchiole which with alveola r duct 
a nd alveolar sac forms the respiratory unit. It is at 
this alveolar capillary membrane where gaseous 
exchange takes place. The th ickness of alveolar 
capilla ry membrane is 0.3 mm. 

Total number of a lveoli is 300 mi llion with 
surface a rea of70 m 2• 

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

FOREIGN BODY ASPIRATION 
Due to shorter, wider and less acute angle of right 
bronchus foreign body aspirari.on is more common 
on right side. 
• In supine position most commonly involved 

segment is apical segment of right lower lobe. 
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Right side left side 

Fig. 1.2: Bronchial tree 
1. Right main bronchus 
2. Right upper lobe bronchus 
3. Right middle lobe bronchus 
4. Right lower lobe bronchus 
5. Apical segment bronchus 
6. Posterior segment bronchus 
7. Anterior segment bronchus 
8. Lateral segment bronchus 
9. Medial segment bronchus 

10. Apical segment bronchus 
11 . Medial basal bronchus 
12. Anterior basal bronchus 
13. Lateral basal bronchus 
14. Posterior basal bronchus 

• Table 1.1: Comparison of the anatomy of the right and 
left bronchus 

Right bronchus __ 
Shorter (length 2.5 cm) 
Wider 

Longer (length 5 cm) 
Narrower 

The angle with vertical is 25° The angle is 45° 
Aorta arches over the left 
main bronchus 

In lateral position, most commonly involved 
segment is poste rior segment of upper lobe 

1. Left main bronchus 
2. Left upper lobe bronchus 
3. Left lower lobe bronchus 
4. Apical upper lobe bronchus 
5. Posterior upper lobe bronchus 
6. Anterior upper lobe bronchus 
7. Superior bronchus 
8. Inferior bronchus 
9. Apical bronchus 

10. Anterior basal bronchus 
11. Lateral basal bronchus 
12. Posterior basal bronchus 

{right upper lobe in right lateral and left upper 
lobe in left lateral). 
In standing/ sitting aspiration, most commonly 
aspiration occurs in posterior basal segment of 
righ t lower lobe. 

Mucosa: Ciliated epithelium up co terminal 
bronchioles arrer which non-cilia ted epith elium. 

Ciliary activity is inhibited by all inhalational 
agents except ether. 
Arterial supply: Bronchial artery up to terminal 
bronchioles and beyond terminal b ronch ioles by 
pulmonary artery. 
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Nerve supply: Parasympathetic by vagus (causes 
bronchoconstriction). 

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

REGULATION OF RESPIRATION 
Mediated by: 

Pneumotaxic center in upper pons. 
Apneustic center in lower pons. 
Ventral group of neu rons 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. 

ormal respiration is maintained by expiratory 
and inspiratory neurons ofmedu..lla. 

During inspiration stretch receptors in lung 
parenchyma, which are supplied by vagus get 
stimulated leading to inhibition of insp iratory 
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 CSP pH, which in turn is 
influenced by pC02 (partial pressure of carbon 
dioxide in blood). 

Increase in pC02 stimulates the respiration 
while decrease in pC02 inhibits respiration. Other 
factors effecting respiratory centers are: 

Body temperature 
Hypoxia 
Exercise 
Pain 
1 lypothalamus 
Cortex. 

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

All inlza/ational agents (except nitrous oxide 
and minimum with ether) have depressant effect 
on ventilatory response to increased CO2 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, pecroralis 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 a,idfemales, 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). 

l11is V/ Q mismatch creates alveolar to arterial 
oxygen difference [(A-a) p02 difference] which is 
normally3-5 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 d isease. 

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. 1herefore 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 
eek extension 

Jaw protrusion 
• Bronchodilators 

Increasing lung volume 
Atropine (causes bronchodilatation) 
Anesthesia mask, circuits 
lntermiUent positive pressure ventilation 
(JPPV) 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) 
Neckflexion 
Bronchoconstrictors. 

Alveolar Dead Space 
It is constituted by alveoli which are only ventilated 
but not perfused. It is 60- 80 mL in standing 
position and zero in lying pos ition (in lying 
position perfusion is equal in all parts of lung). 
It is increased by: 

Lung pathologies affecting diffusion at alveolar 
capillary membrane such as interstitial lung 
disease, pulmonary embolism, pulmonary 
edema and ARDS. 
General anesthesia. 
IPPV. 
PEEP. 
Hypo tension. 
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Anesthesia and Dead Space 
AJI anesthesia circuits, masks, humidifiers 
increase the anatomical dead space. 
Endotracheal tubes, tracheostomy decreases 
the anatomical dead space by bypassing the 
upper airways. 
All inhalational 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 IQ mismatch, and hence alveolar dead 
space. Other positions such as Trendelenburg, 
lithocomy also causes the V IQ 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 
ormal oxygen uptake is 250 mL/min. 

Oxygen is mainly carried in blood anached to 
hemoglobin (1 g of lib carries 1.34 m L of oxygen). 
Very less amount, 0.003 mL/dL/mm Hg is carried 
as d issolved 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 (p02) 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 pO2 fall below 50-60 mm Hg). 
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P50is the partial pressure at which oxygen 
saturation is 50%. The partial pressure of oxygen 
for 50% saturation is 26 mm Hg. P50 is not effected 
by anesthetics. 

Bohr effect: Alkalosis shifts 0 2 dissociation curve 
to left and acidosis to right. 

Oxygen flux: It is the amount of oxygen leaving left 
ven tricle/ minute. 

It is 1,000 ml/min. 

Shift of oxygen dissociation curve is seen with: 

______ To right 
Alkalosis 

Low pCO, 
Decreased 2,3 DPG 

Acidosis 

HighpCO, 
Increased 2,3 DPG 

Carbon monoxide poisoning Hyperthermia 

Abnormal hemoglobins lnhalational anesthetics 
like methemog lobin, fetal 
hemog lobin, etc. 
Hypophosphatemia 

Hypothermia 

Carbon Dioxide 
Transported in blood as: 
• Bicarbonate (90%). 

Dissolved (0.0308 mmol/ L/ mm Hg): 5% of 
total. 
As carbamino compounds. 

CO2 Dissociation Curve (Fig. 1 .4) 
It is relationship between pC02 and CO2 content. 

Deoxygenated blood has more CO2 content at 
a given pC0 2, this is called as Haldane effect. 

ABNORMALITIES OF CHEST 
MOVEMENTS 

Paradoxical Respiration 
Seen in flail chest. 

Treatment: IPPV. 
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Fig. 1.4: CO, dissociat ion 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 pa tie nt d ia p hragm is n ot supported b y 
costal margins. Also larynx is not supported by 
neck muscles so strong contraction of central part 
of diaphragm pulls the trachea downwards. 

Sigh 
Tracheal Tug It is deep inspiracory hold. 
This is downward movement of trachea during 
deep inspiration. It is seen in: Hiccup 

Deep anesthesia (by inhalational agents). Intermittent clonic spasm of diaphragm of reflex 
Partially curarized patient. origin. 



Causes 
Light anesthesia. 
Gastric and bowel di tension. 
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, CO2 inhalation. 

• Drugs such as amyl nitrate. 
Ether. 
For intractable hiccups, phren ic nerve block 
may be required. 

HYPOXIC PULMONARY 
VASOCONSTRICTION 
1his is a protective mechanism. Whenever there 
is hypoxia, there occurs vasoconstric1ion in these 
hypoxic areas leading to shunting of blood 10 well-
perfused area, decreasing the V/ Q mismatch. All 
inhalational agents blunt this hypoxic pulmonary 
uasoconstriction (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 (IO ml/ kg). 

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

It is 2400-2600 ml. 

Jnspiratory capacity: it is the maximum volume 
which can be inhaled from end expiralory position 
i.e. it is inspiratory reserve volume+ tidal volume. 

It is 2500 (IRV)+ 500 (TV)= 3,000 ml 

Expiratory reserve volume: Maximum volume of 
gas that can be exhaled after normal expiration. 

It is 1200- 1500 ml. 

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

It is 4200-4500 ml (75-80 ml/ kg). 

CHAPTER 1: Applied Anatomy, Physio'ogy and Physics • 

---- ------ --------~--,--,--,-

Fig. 1.5: Lung volumes 
TV = ndal volume 
IRV= lnspiratory reserve volume 
IC = lnspiratory capacity 
ERV = Expiratory reserve volume 
RV= Residual volume 
FRC = Functional residual capacity 
VC = Vital capacity 
TLC = Total lung capacity 

IC 

FRC 

All these lung volumes are approximately 5% less in 
females (except residual volume). 

(.) 
...J 
I-

Residual volume: It is volume of gas still present in 
lungs after maximal expiration. 

It is 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 respira1ory 
rate. 

It is 500 x 12 = 6000 ml/min. 

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

Functional residual capacity(FRC): Itis the volume 
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 
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 a re 
audible for more than 6 seconds it denotes 
significant a irway obstruction. 
Able to blow a balloon. 

• Spirometry by pocket size microspi rometers 
can now be performed on bed side. 

Spirometry 
It is the in strument used to measure following 
lung volumes: 

Tidal volume 
lnspiratory reserve volume 
Inspiratory capacity 
Expiratory reserve volume 
Vital capacity. 
It cannot measure residual volume, therefore 

any lung volume which requi res 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 l second (FeV1) , 2 seconds 
(FeV2), 3 seconds (FeV3) measured from the start 
of expiration afte r fu ll inspi ration (forced vital 
capacity). ormal person can exhale 83-85% 
of FVC in l second (so FeV, is 83-85%), 93% in 
2 seconds (FeV2 is 93%) and 97% in 3 seconds 
(FeV3 is 97%). 

FeV/F FVC ratio is important as this ratio 
is decreased in obstructive lung di eases. It is 
expressed as percentage. 

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

Forced mid-expiratory now ra te: Measures now 
rate during 25-75% of exhalation. 

Flow Volume Loops 
These are more sensi tive and in forma tive in 
detecting pulmonary d iseases than conventional 
spirometry. Modern microprocessor controlled 
recording spirometcrs automatically generate 
these flow volume loops. 

Body Plethysmography, Helium Dilution, 
Nitrogen Washout 
These techniq ues are employed for mea uring 
functional residual capacity, residual volume and 
total lung capacity. 

llelium di lution technique i also used to 
measure clo ing capacity, which is the volume at 
which airway closes. Normally it is 1 litre less than 
functional residual capacity. If functional residual 
capacity fa lls be low closing capacity there will be 
significam hypovemilation and V IQ abnormalities. 

Body plethysmograph is also used to measure 
a irway resistance (normal = 2.5 cm H2O/ L/ 
second). 

Lung Compliance 
It is volume change per unit of pressure. 

Lung compliance 
Chest wall compliance 
Total compliance 

Blood Gas Analysis 

0.2 Liem H20 
0.2 l /cm H2O 
0.1 l /cm 1120 
(lung and chest 
wall compliance 
act in opposite 
direction). 

Described in Chapter 40, page 110. 293. 

Pleural Pressures 
Normal intrapleuraJ pressure is -3 to -5 cm H2O. 

During inspiration, it becomes more negative 
up to -7 cm I 120. 

During expiration, it is + l to +2 cm H2O. 

Fitness for Surgery and 
Pulmonary Funct ions 

Patients with FVC < 20 mL/ kg an d FeV1 
<15 mL/ kg require appropriate preoperative 
preparation before surgery such as chest 
physiotherapy, an tibiot ics, bronchodilators, 
ecc. 
Patient with FeV1< 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. FeV1 < 15 ml/ kg (normal 65 ml/ kg). 
3. pO2 < 60 mm Ilg (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 temperarure. 

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. 

• vogadro Number 
The number of molecules contained in one 
gram molecular weight of any compound. It is 
6.23 X 1023

• 

Critical Temperature 
ft 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. 

KEY POINTS 
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At laminar flow, f-lagen-Poiseuille law is 
applicable which states that flow rate is d irectly 
proportional to pressure gradient and fo ur th 
power of radius of tube and inversely proportional 
to viscosity and length . 

pi (P1 - P2) r4 
Q oc-----

811I 

Q=Flowrate 
P2- P2 = Pressure gradient (P I and P2 a re 

pressure at each end of tube) 
11 = Viscosity 
I = Length. 

Turbulen t 
Turbulent flow is produced, ifflow 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 p articula rly with Venturi m asks. By 
increasing flow rate (velocity) through narrow 
constriction sub a tmospheric pressure can be 
created in vicinity enthralling a ir 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 Enton ox cylinder. 

• Subglottis is the narrowest part in children up to the age of 6 years however, this does not act as deterrent to 
use cuffed tubes ,n children. 

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

Contd .. . 
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Contd ... 
• Due to shorter, wider and less acute angle chances of endobronchial intubation are more on right side. 
• Aspiration in supine position most commonly involves apical segment of right lower lobe. 
• Maximum a,rway resistance to airflow occurs in trachea and then main bronchus and minimum in terminal 

bronchi. 
• Endotracheal tubes and tracheostomy decrease the anatomical dead space by bypassing the upper airways. 
• During general anesthesia alveolar dead space is increased. 
• P 50.e. partial pressure at which oxygen saturation is 50% is not affected by anesthetics. 
• All inhalat,onal agents blunt hypoxic pulmonary vasoconstriction (HPV) response thereby increasing the shunt 

fraction. 
• Closing capacity is normally 1 L less than functional residual capacity. 
• Venturi principle is often utilized in anesthesia particularly with Venturi masks. 



SECTION 

Equipment in Anesthesia 





CHAPTER 2 
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 bas ic {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 a re 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 o:q•gen flush. 

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

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/cm2 [l kg/cm2 = 14.7 
psi]. Smallest size available is AA and the largest is 
H. TIie 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 cyl inder should 
have the following details: ame of the owner, 
serial number, capacity of cylinder, symbol of gas, 
tare weight (weight of empty cylinder) and date o f 
hydraulic test. Cylinders should be tested every 
5 years. 
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Closed---
c1rcu1t 

I Monitors 

Vaporizers 

Pressure 
gauge for 
cylinders 

Fig. 2.2: Boyle's major anesthesia machine (cylinders are fi tted on the back side therefore 
cannot be visualized in diagram) 

Monitor 

Airway parameters
display screen 

Vaporizer - • -
(for desflurane) 
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knobs 
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Sodalime 

Drawers 
(To store 
necessary 
equipment) 

Fig. 2.3: Anesthesia work station 

Liquid oxygen: Any gas can be stored in liquid 
form below its cri tica l temperature. The cri tical 
temperature of oxygen is -119°C, therefore oxygen 
reservoi rs s toring oxygen in liquid form has to 
mainta in a temperature below - l l 9°C, which 
make them quite expensive. 

As l mL of liquid oxygen gives 840 mL of gas, 
the advantage of liquid oxygen is that it can be 
stored in large volumes in small conta iners making 
them very useful for remote locations like wars or 
disasters. 
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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 

Fig. 2.6: Entonox cylinder 

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

Heliox Cylinder 
I leliox, the mixture of79% helium and 21 % oxygen, 
is mainly used in upper a irway obstruction. It 
is stored in black color cylinders (representing 
oxygen) with brown and white shoulders (brown 
representing helium) at a pressure of2000 psi. 

Air Cylinder 
Air is stored in grey color cylinders (representing 
CO2) with black and white shoulders (representing 
oxygen) at a pressure of2000 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 weighc 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 rype (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 ). 
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• Table 2.1: Summary of gas cylinders 

gas Fllled as 
Oxygen E Gas 

H Gas 

Nitrous oxide E Liquid 

H Liquid 
Air E Gas 

Heliox EandH Gas 

Entonox Eand H Liquid and gas 

Carbon dioxide E Liquid 
Cyclopropane E Liquid 

•commonly used type 

color**
Black body 
White shoulders 
Blackbody 
White shoulders 
Blue 

Blue 
Grey body 
Black and white shoulders 

Black body 
Brown and white shoulders 
Blue body 
White shoulders 
Grey 
Orange 

pressure
2000 psi 

2,000 psi 

760 psi 

760psi 
2000 psi 

2000psi 

2,000 psi 

750 psi 
75 psi 

o,p.dty' 
660L 

6900L 

1,590 L 

15,800 L 
625 L 

1,590 L 

**DDifferent 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 pressme. Most 
commonly used is Bourdon type. 

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

Pin Index System (Table 2.2) 
It is the safety mechanism to prevent wrong fitting 
of cylinders at other's position. It consists of 2 pins, 
4 mm and 6 mm long on yoke of the anesthesia 
machine. The pins are so positioned that the 
cylinder with the holes at corresponding distance 
can only be fitted at that position. 

Making of Pin Index System 
A 9/ 16 inch circumference semicircle is made and 
6 equidistant points are made on arc (additional 
7th point, if entonox is to be used) (Fig. 2.8) . 

The pins at the yoke of oxygen are at 2 and 5 
position. Oxygen cylinders have holes at the same 
position making only oxygen cylinder possible to 
be placed at this position. Similarly, yoke ofnirrous 
oxide has pins positioned at 3, 5 position; nitrous 
oxide cylinder has holes at same position making 

Fig. 2.7: Yoke of anesthesia machine 

• Table 2.2: Pin index position for gases on yoke of 
anesthesia machine 

Oxygen 2, S 

Nitrous oxide 3,5 

Cyclopropane 3,6 
Air 1, 5 
Nitrogen 1, 4 
Entonox 7 
Carbon dioxide(< 7.5%) 2,6 
Heliox 2,4 

only nitrous oxide cylinder possible to be p laced 
at this position. 
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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 
ln 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 fining 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 
IL extends from 2nd stage pressure reducing valve 
to flow control knobs. lt 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 
p ressure 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. 

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

The flow to each rube is adjusted by rotating 
the flow control knob clockwise and anticlockwise. 
As a safety measure ( to prevent opening of wrong 
knob), these flow conrrol 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 flu ted, 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 rubes are 
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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) 

Flow 
control 

knob 

Thorpe tube 

L..Jt-+t--+- Rotating bobbin 
(gases flowing 
across the bobbin 
make it to rotate) 

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 s tream 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 th erefo re 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 jlowmeter tubes (Fig. 2 . I I ) : 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), wh ile if it is m ost 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 
proportio11ing system: Oxygen and nitrous 
oxide knobs are interconnected by a pulley in 
such a manner that rotation of n itrous oxide 
knob will automatically start oxygen fl ow 
making it impossible to deliver singular flow 
of nitrous oxide. This ensures a minimum Fi02 
( 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 a ntistatic to prevent sticking of 
Bobbin to flovvmeter tube. 

Other types of flowmeter: 
Heidbrinkflowmeter. 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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Towards + ------- - ---£', 
1 machine 6 ro 

outlet : 

Air 

Incorrect placement of 
oxygen flowmeter 
(most upstream) 

', " ? 

02 Air 

I 
I 

Correct placement of 
oxygen flowmeter 

(most downstream) 

Fig. 2.1 1: Position of flowmeter tubes 

Vaporizers (Fig. 2.12) 
Vaporizers are the devices which arc used to 
deliver inhalational agents. Inhalationa l agents 
are in liquid form in vaporizer. As the inhaJational 
agents a re 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 conductiuity. 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 Tee. 5, Tee. 6 (heated 
and pressurized vaporizer, specifically designed 
for desflurane) orTec. 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 th rough vaporizer and how much to be 
bypassed (therefore called as splitting ratio). 
l11is 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. 
Nor affected by pumping e ffect (back pressure). 
Outside the circuit (i.e. not in breathing 
circuit). 
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• Table 2.3: Physical properties of inhalational agents 

Sevoflurane ss·c 160 
Halothane 50 C 243 
lsoflurane 49•c 240 
Desflurane 23.5 C 680 

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 
p ressure can be used in terchangeably 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 
s pecial key fi ll ing system specific for each 
agent. 
there are color code markings mentioned on 
vaporizers; the dial knob and fi lling system 
are also of the same color. Color code is: Red 
for halothane, Purple for isotlurane, 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: It 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 anesthes ia work 
stations have almost the same features as in ICU 
ventilators, i.e. they can work in volume as well as 
p ressure 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 wil l continue to descend in 
the presence of leakage). 

Fresh gas flow compensation and fresh gas 
decoupling are very important safety fea ture in 
the ventilators used wi th 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 reguJator. Gases from 2nd stage pressure 
regulator reaches the flowmeters where now 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 + lnhalational 
agent. 

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

Open System 
TnhaJational agent is directly poured over patient 
moulh and nostril by placing a wire like mask 
(Schimmelbusch mask). Open systems were used 
in pas1 for delivery of ether and chloroform. In 
curren t day practice open systems are obsolete 
as it is no t possible to control the delivered 
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Fresh gas flow 

lnhalational 0 2 agent 
Air 

Yoke for oxygen 

1. First stage pressure 
regulator for oxygen 
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regulator for oxygen 

Flow control 
Knobs 
B1 
Yoke for 

N20 

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. 

I I I I I 

Al, A2-yoke of oxygen; Bl, 82- yoke for nitrous oxide 
0 2 
Nitrous oxide 

N N U H JI 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 d escribe d by Mapleson 
therefore called as Mapleson circuits. These 
are divided into s ix types: Type A, B, C, D, E, F 
{Fig. 2.14). (Because of sim ilarity in character-
istics some authors have classified them in three 
groups: A, BC and DEF group). 

Type A 
It is also called Magill circuit (Fig. 2.15). 

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

Most of the expired gases from patient (broken 
lines) are exhale d from pressure re lief valve; 
however, some of the gases go back into the tubing 
(that is why these circuits a re called as semiclosed 
circuits). These expiratory gases which have gone 
back in the tubing may be reinhaled by the patient 
in next breath. 1his is called as rebreathing (pa tient 
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 eno ugh to push these expiratory gases 
out in atmosphere through expiratory valve before 
gening 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 fo r controlled ventilation 
(no spontaneous breathing, patient is on artificial 
ventilation) very high flows (3 times of minute 
volume o r > 20 L) is required and in spi te of 
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Expiratory valve 

Type A 

Breathing bag 

Type B 

(Jackson-Rees circuit) 

Fig. 2.14: Mapleson circuits 

s uch high flows prevention of rebreathing is still 
unpredictable therefore Magill circuit should not 
be used for wntrolled ventilation. Ir is the circuit of 
choice for spontaneous ventilation. 

Pressure Relief Valve 
It is also called adjustable pressure limiting (APL) 
valve, expiralory valve and rebreathing prevention 
valve. Most commonly used is lleidbrink type 
valve. The expiratory valve should be as near to 
the patient lo minimize rebreathing and ir should 
be fully open during spontaneous breathing a nd 
partially closed d uring controlled ventilation. 

Reservoir (Breathing) Bag (Fig. 2.16) 
T hese are attached lo an esthesia 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 tvvo 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 a lso did not 
offer any advan tage therefore no more used. 
Functionally it is a lmost equ ally efficient for 
spontaneous and controlled ventilation. 

Type D (Fig. 2.17) 
APL va lve was brought near the bag. It did 
not offer any advantage but a modification in 
Type D was made by scientis t Ba in, wh o 
incorporated an inner tube in Type D circuit 
making it as coaxial. Fresh gases are d elivered 
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 alm ost equal to minute 
ventilation), if respiratory rate is increased to 16 
breath/ min. Many clinicians prefer (ii) method. 

Bain circuit can a lso 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) 

Breathing bag 

- - - Fresh gas flow 
----+--- Expired gases 

Fig. 2.1 5: Magill circuit 

Fig. 2.16: Reservoir bags (Breathing bags) 

Expiratory valve Outer tube for exhaled gases 

Mask 

Breathing bag Inner tube for fresh gas now 
Fig. 2.17: Bain circuit (modi fication of type D) 

Advantages of Bain circuit are: 
Light weight. 
Corrugated tubing is long (l.8 meters), making 
it useful for head and neck surgeries where 
anesthetist is away from patient. 

Resistance is less ( < 0. 7 cm 1120). 
Sterilization is easy. 

Disadvantages: Inner rube may become folded 
or kinked causing obs truction or may get 
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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 intem1ittently occluding the encl 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 
<20kg. 

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

Type E and type F circuits are made valueless 
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. 

• 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 sem iclosed 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. 

Sodalime 
canister 

Fig. 2.18: Closed circuit (Circle system) 

Type A (Also called as 
Magill circuit) 

Equal to minute volume Very high flow Circuit of choice for spontaneous 
ventilat ion, should not be used for 
controlled ventilation 

Type B 2 x minute volume 
Type C (Also called as 2 x minute volume 
Water's circuit) 
Type D (Bain circuit) 2.5 x minute volume 

Type E (Ayre's T piece) 2.5 x minute volume 
Type F 2.5 x minute volume 
(Jackson-Rees circuit) 

(3 x minute volume) 

2.25 x minute volume No more used 
2.25 x minute volume No more used 

1.6 x minute volume Circuit of choice for controlled ventilation. 
(or 70--100 ml/kg) Most commonly used semiclosed circuit. 
3 x minute volume Pediatric, incomplete circuit 
1.5- 2 x minute volume commonly used pediatric 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 t imes of minute volume as it is circuit of choice for controlled ventilat ion. 
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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 commo nly used CO2 
absorbent. The reaction between sodalime and 
CO2 is exothermic therefore heat and water is 
produced during the reaction. 

Composition of sodalime: Al though 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)2 94% 
NaOl 1 5% (NaOH acts as catalyst) 
KOH 1% 

Oxygen analyzer --

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 
exhauslion. Few of the cente rs 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. 
Moisture (14-19%) is needed for carbon 
dioxide absorption. 
Size of soda lime 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)2 and 20% 
Ba(OH)2, 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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Base plate 

Fig. 2.20: Sodalime canister 

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

Reaction ofSodalime/ Barylime with 
lnhalational Agents 

Sevojlurane 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.) 
I ligher concentrations of sevoflurane 
Type of absorbent (Barylime > Sodalime) 
Higher absorbent temperatures 
Fresh absorbent 

Desiccated (dry) sodalime and barylime 
(Barylime > Sodalime) can produces carbon 
monoxide with the following inhalational 
agents in decreasing order- Desflurane > 
> lsoflurane >> halothane = Sevojlurane. 
Desicca/ed sodalime can cause burns of 
respiratory mucosa with sevoflurane by 
producing hydrogen fluoride 
Trielene byreactingwith sodalimecan 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 Jess 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 co11ects a sample from 
expiratory gases and deliver it to monitor to 
measure: 

The concentration of expired carbon 
dioxide (ETCO2) and inhalational agents 
To measure expired tid al volume, 
resp iratory rate and airway pressures. 

ew monitor not only measures the 
volume and pressure but also display the 
pressure and volume graphs. 
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• Table 2.5: Comparison between closed and semlclosed systems 

Closed system (Circle system) Semiclosed system (Mapleson system) 
Disadvantages Advanrages 

• 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 CO2 and sodalime • Humidity not preserved (water content of dry 
produces water) 100% 0 2 is O mg/L) 
For conditions in which t here is very high production of CO2 • Cannot eliminate such high CO2 levels 
only closed circuit can eliminate such high CO2 (e.g. malignant 
hyperthermia) 

Disadvantages Advantages 
• Heavy weight due to tubing, canister and accessories • Light weight 
• If sodalime gets exhausted or expiratory valve gets stuck there 

can be dangerous hypercapnia 
• No such risk 

• Production of toxic compounds like dich loroacetylene 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 
w ith 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 u sefu l w hen only basic monito ring is 

available 

Flow sensor is one of the most important 
safety measure to detect life-threaten ing 
complications such as ventilato ry fail ure, 
extubation bronchospasm, e tc. 

Factors affecting carbon dioxide absorption in 
closed circuit: 

Freshness of sodalime 
Tidal volume of patient: Tidal volume should 
be equal or less than airspace otherwise 
large tidal volumes will pass through canister 
without CO2 being absorbed. 
flighflows: High flows allow less time for CO2 
absorption. 
Dead space: Increased dead space in canister 
decreases the CO2 absorption. 
Inadequate.filling of sodalime: Too loosely fi lled 
sodalime allows gas to pass through the gap 
between sodalime granules an d canister wall 
without absorption, this is called channeling. 
Too tightly filled sodalime decreases air space 
decreasing CO2 absorption. 
Resistance to ouljlow: Inc reasing the resis-
tance to outflow permit gases to remain in 

contact of sodalime for more time, and thus 
allowing more CO2 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 mach ines 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). 



• SECTION 2: Equipment in Anesthesia 

Verify that hoses fo r cen tral 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 o f oxygen nitrous oxide proportioning 
system and fail safe valve. Machine sho uld 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 p ressure the 
height of float (bobbin) should d rop 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 0ows and attach a suction bulb to machine 
outle t. Keep on squeezing till, it collapses com-
pletely. This will generate a negative p ressure 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 H20 . lf 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 !low 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 fi nal 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 
!low). 
Pin index system to prevent wrong cylinder 
placement and diameter index safety system 
to preven t wro ng fi tting of central supply 
pipelines. 

• 1st stage 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). 
Pressu re relief valve (open when there is 
excessive pressure in machine). 
Oxygen flush can deliver high flow in 
emergency. 
One way valve before machine outlet to 
p revent backpressure effects of positive 
pressure ventilation. 
Oxygen analyzer to de tect final de livered 
concentration of oxygen to patient. 
Flow sensors to detect ventila tory fail ure, 
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 1s stored in blue color cylinders at a pressure of 760 psi. 
• Entonox is the mixture of 50% oxygen and 50% nitrous oxide. 
• Pin index system is to prevent the wrong fitting of cylinders while diameter index safety system 1s to prevent 

the wrong fitting of central supply pipe lines. 
• 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 1s 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 cirrcuit 1s the circuit of choice for controlled ventilation. Fresh gas flow for controlled ventilation is 1 .6 times 

of minute vent1lat1on. 
• Jackson Rees (Mapleson F) 1s the most commonly used semiclosed circuit for children. 
• Sevoflurane by reacting with sodalime and barylime can produce compound A 
• Desiccated (dry) sodal,me and Barylime (Barylime > Sodalme) can produces carbon monox de with the 

following inhalational agents in decreasing order· Desflurane > > lsoflurane >> 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. 



CHAPTER 3 

EQUIPMENT FOR AIRWAY 
MANAGEMENT 

AIRWAYS 
The aim of airway is to prevent the tongue fall. 
Most commonly used is Guede/ 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 pa tency of ai rway. 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 s izes from 0 
(smallest) to 6 (la rgest). Facemask should be made 
of antistatic rubber. At the bonom 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 
A significant amount of air leaks into esophagus 
a nd can easily increase th e intragastric 
pressure significant enough(> 28 cm H20) to 
cause aspiration. 

Equipment 

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

Fig. 3.2: Facemask (Forcolor 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 

Oxygen inlet 

Unidirectional 
valve 

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, 
seePlare 2) 

unit consists of one self-infla ting bag made up of 
rubber or silicone, a non-rebreathing valve and a 
mask. on-breathing valve closes the expiratory 
port when the bag is manually squeezed le tting 
the air inside the bag to pass to facemas k. 
During expira tio n, bobin o r valve com es to 
normal position letting the expired air to void to 
atmosphere. 

AMBU bags are available in a capacity of I ,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 ox)'gen reservoir. 

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

whe re glottis is d irectly visualized or indirect where 
glotti s is visualized through optic channels. Based 
on method of laryngoscopy, laryngoscopes has 
been classified as: (1) Direct rigid laryngoscopes; 
(2) Ind irect ( fib eroptic) rigid laryngoscopes; 
(3) Flexible (fiberoptic) laryngoscopes. 

Direct Rigid Laryngoscopes 
Direct rigid laryngoscope consists of a handle 
(containing 2 batteries), a blade wi th a bulb. they
are n amed on the shape of the blade. Alth ough 
there are number of laryngoscopes available in the 
market, however, the most common in use are: 

Macintosh (Fig. 3.5): ft is most commonly used. 
It h as curved blade and is available in 4 sizes; 
smallest fo r child ren and largest for adults with 
long necks. 
McCoy: It has got a movable lip, which can be 
used to maneuver the glo ttis (Fig. 3.6). 
Miller: It has a straight blade with curve at the 
tip. 

Blades for Infants and Newborns 
• Magill: Magill is straigh t blade used for 

neonates. Neonatal ep iglottis is large, leafy 
and more a nterior, therefore it need to be lifted 
by straight blade to visua lize glottis (Adult's 
epiglottis just need to be pushed anteriorly, 
the refore curved blade is used). 
Oxford infant blade: Used for infants. 

Ind irect Rigid Laryngoscopes (Fiberoptic) 
In this technique, the glottis is not visua lized 
directly but through the fiberoptic channels. The 

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

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 intubatioll success rates 
of 94- 99% for video laryngoscopy as a rescue 
modality after failed direct laryngoscopy. 

Although like direct laryngoscopes, v ideo 
la ryngoscopes a re 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 
angula ted, 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 offiberoptic 
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 pa tients. The 
limitations are cost, technical expertise and time 
consuming. 



Complications of Laryngoscopy 
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 supraglonic devices. lhe most popular and 
most commonly used supraglottic device used is 
la,yngeal 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 
la rge 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. 

Up to 5 kg 4ml 
1.5 5-10 kg 7ml 
2 10- 20 kg 10 ml 
2.5 20-30 kg 14ml 
3 30- 50 kg 20ml 
4 50- 70 kg 30ml 
5 > 70kg 40ml 

(or 70-100 kg) 
6 (only available > 100kg 50ml 
in few countries) 
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Fig. 3.1 0: Laryngeal mask airway (Classic) 
(For color version, see Plate 3) 

Indications 
As an alternative to intubation where difficult 
intubation is anticipated. 
Secu ring 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 co insert (even paramedical staff can 
insert). 

• Does not require 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 
inrubation 
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 
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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 H20 
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: ll 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 generat ion LMA provides better seal 
thereby decreasing the chances of aspiration. 

Intubating LMA (also called as LMA Fastrach): 
Up to 8 no. end otracheal tube can be guided 
through it (Fig. 3.11). 
Proseal LMA: It has larger and poste rior cuff, 
which provides better seal. Moreover, it has 
drain tube which can be used to deflate the 
stomach (Fig. 3.J 2) . 
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: 

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

Fig. 3.12: Proseal LMA 

Outlet of drain for 
gastric deflation 

Fig. 3.13: LMA supreme 



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

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

Peripharyngeal a.irway(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 furth er classified as 
definitive and emergency airway management 
devices. Definitive airway management devices 
include endotracheal tube and tracheostomy, 
while infraglottic emergency airway includes 
cricothyroidotomy. 
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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. 1hey are mainly of 
rwo types, red rubber and PVC (Table 3.1). 

The endotracheal tubes may be uncuffed or 
cuffed (Figs3.17Aand 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 endotracheaJ tube is passed 
between the cords. 

The cuff is inflated and the cuff should be 
well below vocal cords in adults. 771e 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 cuff is to prevent aspiration. 
Usually, 4- 8 mL of air is required to fill the cuff. 
During cuff infla tion, ensure cuff pressure to be 
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• Table. 3.1: Comparison of red rubber and PVC 
endotracheal tubes. 

• Costlier 

• Reusable (Can be 
autoclaved up to 6 times 
without damage) 

• Cuff: High pressure and 
low volume. Because 
of this high pressure 
cuff chances of tracheal 
injury is more 

, Radiolucent 

• Nontransparent 

, No Murphy eye is 
present 

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

• Less incidence of sore 
throat 

• It contains preservative 
lead (which imparts red 
color to these tu bes) 

• Cheap 

, Disposable 

• Cuff: Low pressure and 
high volume. Because of 
the low pressure, these 
tubes produce less 
tracheal injury 

• Contains a radiopaque 
line therefore can be 
visualized in X-ray 

• Transparent therefore 
secretions and mist can 
be visualized 

• Contains an additional 
hole near the tip called 
as Murphy's eye so 
that if main lumen gets 
blocked patient can still 
be ventilated through 
Murphy's eye 

• Easily conforms to the 
anatomy of airways 

, High incidence of sore 
throat (because of large 
cuff) 

less than 30 cm H20 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 rube is as follows: 

Prematures : 2.5 no. 
0- 6 months : 3-3.5 no. 
6 months to 1 year : 3.5-4 no. 
For children 1 year to 6 years, the size is 
calculated by fo rmula: 

Age (in years) 
------+3.5 

3 

For children > 6 years: 
Age (in years) 
------+4.5 

4 

Pilot balloon Tube connector 

Figs 3.17 A 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 nexion at cervical spine) 

For example, for a 5-year-old child, the cube 
size required will be: 
5/3 + 3.5 = 11.6 + 3.5 = 55.1 (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. 

In children, the length of oral tube is calculated 
by formula: 
Age (in years) - '----'---.:.__ + 12 cm 

2 
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 

= 2.5 + 12 cm 
= 14.5 cm. 
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Reflex Response to Laryngoscopy 
and Intubation 

During la ryngoscopy, 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 ofTubes in Common Use 
RAE preformed tubes (RAE after the name of 
3 scientists-Ring, Adai r a nd 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 flexometa llic 
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 a nd laryngotracheal s urgery 
tube {MLT, LTS tubes): Used for microlaryngeal 
surgeries (these are small size tubes with cuff). 

Double Lumen Tubes (Fig. 3.1 9) 
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 
Abso/u/e: ( I) To prevent spillage of contents of one 
lung {like pus, blood) to other side; (2) Unilate ral 
lavage to prevent spillage of lavage fluid to healthy 
lung; (3) Massive bronchopleural fis tula or large 
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Fig. 3.19: Double lumen tube (Note 2 cuffs, 2 pilot system 
and 2 ventilation ports) (Forcolor 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 
lu ng 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 lube 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-bum contractures. 
For awake intubation, nasal intubation is 
preferred over oral intubation. 
When rube 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 frac tures 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 septa! mucosa 
are highly vascular areas). 
Nasal polyp, abscess, fore ign 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 re lative contra indications 
are: 

Laryngeal edema- may get aggravated by 
intubation 

• Acute epiglonitis 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. 
Chest inflation on positive pressure. 
Capnography (measuring end tidal CO2): It is 
the surest sign. 
Fiberoptic bronchoscopy: It is 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 
Jung. 
Tracheal tube obstruction by secretions, 
kinking. If not detected in time can cause 
hypoxia. 
Accidental exrubation. 
Trauma to gums, lip, epiglottis, pharynx, 
larynx and nasal cavity (in nasal intubation). 
Reflex disturbances such as laryngospasm, 
bronchospasm, tachyarrhythmia and hyper-
tension 

Postoperative 
• 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 l to 
2 hours). 
Laryngeal nerve palsies. 
Surgical emphysema, mediastinal emphy-
sema. 
Infection: Pneumonia, Jung 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 
Excubation is performed when adequacy of 
respiration is mainta ined. Extubation should be 
performed during inspiration (when the la ryngeal 
opening is maximum). 
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Complications at the Time of Extubation 
Aspiration. 
Laryngospasm and bronchospasm. 
Trauma to airways. 
I lypoxia (If extubation is premature). 

Tracheostomy 

Indications 
As an elective procedure where prolonged 
ventilation is required. 
As a swi tch over procedure from intubation. 
Excessive secretions leading to blockage or 
frequent change of endotracheal tube. 
As an a lte rnative when intubation is no t 
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 
Montgomery T- lube 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 

Mal positioning of the tube during insertion. 
Hemorrhage. 
Surgical emphysema. 
Pneumothorax. 
Injury to trachea, larynx. 

Late Complications 
Blockage of tube due co 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 regu lar intervals should be done. Inner 
cannula should be changed every 4-6 hours. 
Adjustment of cuff pressure to keep it below 
15mm 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 lnfraglottic Airway Devices 
Cricothyrotomy 
Useful in li fe-threatening situations. Incision is 
given in cricothyroid membrane. Disadvantages 
are injury 10 cricoid cartilage and larynx. 

Needle Cricothyrotomy 
A needle or cannula 12G or 14G is inserted at 
cricothyroid membrane and oxygen is provided by 
flushing at high rate or byjetventilarion. Inspirarory 
and expiratory rate is kept at I : 4 instead of normal 
1: 2 allowing fo r passive expiration through narrow 
channel. 

OTHER EQUIPMENT 

OXYGEN DELIVERY SYSTEMS IN 
NON-INTUBATED PATIENT 
Classification 

lligh flow (fixed performan ce) 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 tida l volume and respiratory 
rare 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 outpu t 
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), on-rebreathi ng mask, 
rebreathing mask and polymask. 

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

Maximum concentration of oxygen that can be 
delivered by oxygen mask is 60% (at a flow of7-8 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 arc: 
l. 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 separa ted 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 
(Forcolor 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 mcm Particles larger than 5 µm 
are too big to reach peripheral ainvays while less 
than 0.5 µm 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 insrruments such as laryngoscope 
blades, Magill's forceps, and srylet can be 
autoclaved. 
Non-metallic items such as endotracheal 
tubes, facemasks, airways are best srerilized 
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by ethylene oxide (ETO) gas sterilization. 
After ETO, second method of choice for 
these items is chemical steri lization by 2% 
glutaraldehyde (Cidex) or orthophthaldehyde 
(OPA). As silicone resists gas sterilization, 
silicone containing items such as la ryngeal 
mask airway (LMA) should not be sterilized 
by ETO. The only recommended method for 

KEY POINTS 

sterilizing LMA is autoclaving at temperature 
< 134°C. 
For fiberoptic scopes, chemical ste riliza tion 
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 
wi th air. 

• 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 1s low pressure and high volume. 
• During laryngoscopy, there should be extension at atlanto-occipital joint and nexion 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 lOyears does not hold true in present day 

pract,ce. 
• 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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Quintessential in Anesthesia 





CHAPTER 4 
Preoperative Assessment and 

Premed ication 

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 requi red. 
To plan anesthetic technique. 
To obtain informed consent. 
To give preoperative instructions. 

Preoperative evaluation is done with: 

History 
• Any medical 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 cardiovascu lar 
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 ful l inspiration. 
Normal is more than 25 seconds. 
15-25 seconds is borderline. 
Less than 15 seconds ind icate 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 fai lure) 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 exami nation (contrary to previous 
guideline of performing RFT in all patients >60 
years). 
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Electrocardiogr aphy: Contrary to previous 
recommendation of ECG in all males > 40 years 
and all females >50 years, ECG is recommended 
for patien ts with positive medical history or 
undergoing h igh-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 classi fi ed into six categories by American 
Society of Anesthesiologist (ASA). The morbidity 
and mortality is highest in grade V patients and 
minimwn in grade I patients. 
I : Normal healthy patient. 
II : Mild-to-moderate systemic disease not 

limiting functional activity. 
III : Severe systemic disease that limits the activity 

but not incapacitating. 
rv : Incapaci tating 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 anesd1etist) 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 (patien ts 
with BMI < 40 are considered as grade II risk and 
>40 as grade Ill 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 patien ts 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 me chances of postoperative 
deep vein thrombosis and th romboembolism, 
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 
Standard oral anticoagulants, i.e. Warfarin 
(Coumadin) should be stopped 4 days prior 
to surgery. Th e 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. 
In case of urgency, effect of oral anticoagulants 
can be reversed with vitamin K but if it is not 
possible to wait for 6-12 hours (vi tamin 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 (LM WH) 
{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). 



ThrombolytidFibrinolytic 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 
anti platelets. 

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

An ti hypertensives 
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 (SSRl, 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 leuodopa 
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. lhe 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 l year. Therefore, during 
this period, the patient may not be able to cope up 
with the stress of surgery. 

Smoking 
Smoking inhibits cilia, cau ses 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 
He rbal medici nes (incl uding commercial 
preparations of ginger, garlic, green tea) can effect 
drug metabolism, bleeding profile and neuronal 
functions. Therefore, they should be stopped 
l week prior to surgery. 

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

Topical Medications (Creams, Ointments) 
Discontinue on the day of surgery as the chemicals 
in these ointments can react wi th antiseptic 
solutions used during surgery. 

Diuretics 
Discontinue on the day of s urgery 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, B hours of 
fasting is must (fasting period of 6 hours may be 
considered after a light meal) while clear fluids 
( waler and juices without pulp) can be given up 
to 2 hours. 
For neonates and infants, the recommended 
fasting period fo r breast milk is 4 hours 
while for formula milk and solids a fasting of 
6 hours is required. 
Artificial dentures, limbs, con tact 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 
To relieve 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 re lieve 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 anesthe tic technique. 
Benzodiazepines sho uld be used only for the 
patients where assurance by anes thetist 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 in tra-
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. 111e refore, the drugs for aspiration 
prophylax:is, i.e. metoclopramide, antacids and H2 
blockers (ranitidine) should be employed only for 
patients who are at high risk of aspiration such as 



hiatus hemia, pregnancy, not routinely for every 
patient. 
To control secretions 
Anticholinergics available to control secretions 
are atropine, glycopyrrolate and scopolamine. 
Anticholinergics can cause d1y 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 pref erred 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: 

KEY POINTS 
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Hyoscine. 
5HT3 antagonist (Ondansetron/graniserron). 
Metoclopramide. 
Current day recommendation is to use 

antiemetic prophylaxis only for the conditions 
associated with h igher incidence of postoperative 
nausea and vomiting (like middle ear surgeries), 
not routinely lo all patients. In current dny practice 
5-HT3 antagonists are the first-line m edications 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. 

• Preoperative assessment is done to obta,n history, do physical examination, order investigations, risk 
stratification (by ASA grad,ng) and give preoperative instructions. 

• The decisionto order preoperative tests should be guided by the oatient's clinical history, comorb,dities, 
physical examination findings and the proposed surgery. Only the investigations which are necessary should 
be done. 

• For solid food 8 hours of fasting is must while clear fluids can be given up to 2 hours. 
Medications need to be stopped: 
• MAO A inhibitors (3 weeks before) 
• Oral anticoagulants (Warfarin 4 days prior) 
• Heparin (Low molecular weight 12 hours before) 
• Anti platelets except aspirin (Clop1dogrel 5 days prior) 
• Thrombolyt,c (10 days prior) 
• Nonstero1dal 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 II antagonist 
• Oral hypoglycemics 
• Topical creams and ointments 
• Vitamins and iron. 
Dose adjustment is needed for: 
• Cholinesterase inhibitors 
• Corticosteroids 
• Insulin 
• 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 procedure. 



CHAPTER 5 
Difficult Airway Management 

CAUSES OF DIFFICULT INTUBATION/ 
DIFFICULT AIRWAY 

Inability to Open Mouth 
Submandibular abscess 
Ludwig angina 
Rerropharyngeal 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 
Goldenhar syndrome: Hypoplasia. 

Abnormalities ofTongue (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 
Short neck 
- Neck circumference >43 cm 

Restricted neck movements: 
- Rheumatoid arthritis 

- Spondylitis (osteoarthritis) 
- Disc disease 
- Klippel- Feil syndrome (cervical vertebrae 

fusion) 
Neck trauma 
Neck contracture: 

Post-bum 
- Post-radiotherapy 

Neck swellings: 
Large thyroid gland 

- Cystic hygroma 
Diabetes mellitus (reduced mobility of atlanto
occipital joint). 

Laryngeal Abnormalities 
Edema 
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 ofTemporomandibular 
Joint 

True ankylosis 
False ankylosis: 

Burns 
Trauma 
Radiation. 



Other Causes 
Protruding teeth (Rabbit teeth) 
Absent denture (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 I I: Base of uvula and soft palate is seen. 
Class l/l: Only soft palate is seen. 

Faucial pillars 

Uvula 

Class I Class II 
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Class IV: Only hard palate is visible (modified 
Sampson and Young classification). 
In Mallampati grade (class) I and II oral 

intubation can be done comfortably, in grade Ill 
with difficulty while oral intubation is not possible 
in grade IV.

Thyromenta/ distance (d istance 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. 
Mentohyoid distance: Normal > 5 cm (2 finger 
breadth). 
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) 

Grade I: Glottis fully visible. 
• Grade Tl: Only posterior glottis visible. 

Class Ill Class IV 
Fig. S.1: Mallampati classification 

Fig. 5.2: Grading of laryngoscopy 
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• Grade lll: Only epiglottis visible. 
Grade IV: No recogn izable structures. 

MANAGEMENT (FLOW CHART 5.1) 
Anticipated Difficult Intubation 
If difficult a irway is anticipa ted then intu bate in 
awake state preferably with fi berop tic broncho-
scope under top ical anesthesia (xylocaine sp ray 
an d / or gargles) o r n erve blocks (glossopharyn geal 
and superior la ryngeal). 

If awake intuba tion fa ils th en su rgery, if 
possible sh oul d be perfo rm e d under regional 
a n esthesia or a lte rna tive m e thods like m ask 
ven tilation, la ryngeal m ask. If s u rgery is not 

possib le b y above-said m eth o ds and deem ed 
necessary, th en it sh o uld be p erformed 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 m aintainjng the ventilation 
consider rearrempt in tubatio n ca lled as plan 
A (m aximum 4 times) with m anipulatio ns 
su ch as changing the position of h ead and 
neck, cricoid pressure, using d ifferent b lad es 
of laryngoscopes, u se of style r or bougies, light 

Flow chart 5.1: Difficult airway algorithm 

-·• 

Difficult intubation 

i 
Anticipated Unanticipated 

Manage with awake intubation 

Immediate call for help 

Mask ventilation possible •I•• Mask vent1lat1on not possible 

Retry intubation with 
change in head and neck 

position. external laryngeal 
mani ulation, bou ies. etc. 

Successful 

•••· LMA, ILMA 

Successful 

---
plan • Revert mask 

ventilation 
• Postpone 
sure 

Retry mask ventilation with 
both hand and maximum neck 

extension and Jaw thrust 

Successful 

step LMA or ILMA 

Successful ... 
••· 

Cricothyroidotomy 

Change to 
tracheostomy 
at the earliest 
or cancel case 

Abbrevia tions: 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% w ith 
video laryngoscopy after failed intubation with 
direct laryngoscopy). 

If plan A fails, then get the surgery done 
under plan 8 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 surge ry done under facemask 
if emergency or postpone the case 10 be 
done next time as anticipated difficult 
intubation. 
If any time s ituation becomes that 
mask ventilation also fails which can 
happe n due to laryngeal edema, excess 
secretions), then manage like plan 
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D, i.e. ventilation with bag an d mask 
not possible (cannot intubate, cannot 
ventilate). 

Ventilatio11 with bag and mask not possible 
(cannot intubate, cannot 11entilate) {emergency 
situation}. It is one of the worst nightmares 
in the life of an anesthetist. Tt shou ld be 
managed in following s tepwise manner: 

i. Immediate call for help 
ii. Retry mask ventila tion by holding 

mask w ith two hands while assistant 
maintaining ventilation, put an airway 
(if not in 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 
d ifficult intubation. If LMA also fai ls, then 
go to step iv 

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

Flow chart 5.2: Cervical spine injury 

(1) Laryngeal mask 
airway (LMA) (2) Combitube 

Cervical spine injury (or even suspected) 

Oral 1ntubauon with neck stabilization 

Successful (usually) 

• Apneic 
• Non-availability of 

tracheostomy 
equipmenVexperienced 
person 

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

Unsuccessful 

Breathing 

(3) Cricothyroidotomy or transtracheal 
Jet ventilation. Cricothyro1dotomy is 
,nvas,ve procedure so should be 
only used as a last resort if non-
invasive methods such as laryngeal 
mask airway (LMA) is not available 

Tracheosotomy 
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Airway Management for Cervical 
Spine Injury (Flow chart 5.2} 
Neck m anipulation in cervical injury may be 
life-threatening. Every head injury should be 
considered Lo be having cervical injury until 
proved otherwise. During manual management, 
airway should be managed o nly by jaw thrust 
however if airway is not manageable by jaw thrust 
alone then head till 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 us ua lly successful. Neck stabilization 
can be done manually and with hard cervica l 
collars. As intubation often requires removal of 
cervical collar manual stabilization is always 
preferred over collar stabilization. If unsuccessful, 
then only t racheo tomy should be undertaken. 
LMA, combitube a nd cricothyroidotomy are 
reserved as temporary m ea sure for th e cases 
when tracheostomy is not possible due to non-
availability of equip m ent/ experienced p erson or 
li fe saving meas ure where time for tracheos tomy 
is not there. 

• Airway assessment is one of the most mportant parts of preoperative assessment, fa ilure 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 laryngoscopy have revolutionized the practice of airway management; intubation success rates can be as 
high as 94-99% with video laryngoscopy aher failed intubation with direct laryngoscopy. 

• Every head injury should be considered to be having cervica injury until proved otherwise 
• For cervical spine injury intubation should be done after neck stabilization with neck in neutral position. 



CHAPTER 6 
Monitoring in Anesthesia 

Monitoring is the most important part of anesthesia 
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 
• Pulse rate by palpation 

Color and turgor of skin to assess hydration, 
oxygenation and perfusion 
Blood pressure: It is measured either by 
palpatory m e thod (measures only systolic 
pressure) or by auscultatorymethod (Korotkoff 
sounds). Two common sources of error 
are: 
- Inappropriate cuff size: Oversize cuff 

unde restimates while undersize cuff 
overestimates BP. The cuff should couer 
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. 
Urine output: Urine output is the best clinical 
indicator for assessing adequacy or perfusion; 
it should be > 0.5 mL/min. 

ADVANCE MONITORING 
(INSTRUMENTAL MONITORING) 

CARDIOVASCULAR MONITORING 
Electrocardiography 
Electrocardiography (ECG) is the m andatory 
monitor as it measures heart rate and can detect 
arrhythmi as, ischemia and cardiac arrest. It is 
not possible to monitor 12 leads in perioperative 
period therefore, the leads most preferred are 
lead II and V5 because arrhythmias are best 
detected in lead II and ischemia in lead V5 (Lead 
V5 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 pe ri -
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 
whi le 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 b lood pressure ( IBP) 
moni toring 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, e re.). 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 
5 cm posterior to sternal border yields more accurate 
BP recordings. 

As radial artery has collaterals (transpalmar 
arch) for the blood supply of hand, it i.s 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 return ing 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. OU1ers arteries which 
can be cannulated are brachia! and femoral. 

Complications of Arterial Cannulation 
Arterial injury, spasm and distal ischemia 
111rombosis and embolization 
Sepsis 
Tissue necrosis 

• Fisrula or aneurysm formation 
To prevent thrombosis, a continuou s flus h 

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 (SW), 
Pulse pressure variation (PPV) and cardiac 
output by using pulse contour devices such 
as Flotrac. Measuring dynamic parameters by 
arterial cannula/ion may be considered as one 
of the most recent and useful advancement in 
the field of monitoring. As already discussed in 
ilie 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 
Ideal vein for monitoring of 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 nuctuations in 
hemodynamics is expected 
Open heart surgeries 
Fluid management in shock 
As a venous access 
Parenteral nutrition 
Aspiration of air em bolus 
Cardiac pacing. 
Normal CVP is 3-10 cm of H2O ( or 2-8 mm Hg). 

In children CVP is 3- 6 cm of H2O. CVP more than 
20 cm of H2O indicates right heart failure. 



CVP is increased in: 
Fluid overloading. 
Congestive cardiac failure. 
Pulmonary embolism. 
Cardiac tamponade. 

• Intermittent positive pressure venti lation with 
PEEP. 
Constrictive pericarditis. 
Pleural effusion. 
Hemothorax. 
Coughing and srraining. 

CVP is decreased in 
• Hypovolemia and shock. 

Venodilators. 
Spinal/epidural anesthesia. 
General anesthetics (by causing vasodilara-
tion). 
A low CVP with low BP indicates hypo11olemia 

while a high CVP with low BP indicates pump 
failure. 

Technique of CVP Catheterization 
(through Internal Jugular Vein) 
It is introduced through Seldinger technique. The 
patient ties in Trende lenburg position (to decrease 
the chances of air embolism). The cannula with 
stylet is inserted at the tip of triangle formed by 
two heads of s ternomastoid 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 inte rnal jugular vein is punctured 
styler 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: 

Arterial puncture: Caro/id 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 brachia! plexus, phrenic nerve, and 
airway. 

lhromboembolic complications: 
Arterial or venous thrombosis 
Air embolism 
Catheter or guide wire embolism. 

Infectious complications: 
Insertion site infection 
Sepsis 
f nfection 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 d eath and availability 
of noninvasive (or less invas ive) monitors, 
pulmonary artery caLheterization is hardly done 
nowadays. 

Swan Gan z catheter is used for pulmonary 
artery cathe terization. It is balloon-tipped and 
flow-directed. ll1e presence of catheter in different 
parts of heart is con.firmed by pressure recordings, 
pressure tracings and d is tance 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 r ight ven tricle 
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 commo nly used method to 
calculate cardiac output is thermodilution 
method where ice cold saline is injected and 
change is temperature is noted by a tl1ermistor 
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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 sal ine 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 
transpulmo nary 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 arte ry occlusion 
pressure (PAOP) (also ca lled 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 
cardiogen ic pulmo nary edema us ua lly 
develops at PAOP > 25 mm Hg. 
Taking sample for mixed venou s 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 0 2 
saturation is 75% (only 25% is consumed by 
tissues); less than 60% indicates significant 
deficiency in tissue perfusion. 

Special pulmon ary artery probes are 
available which can continuously measure the 
oxygen saturation of mixed venous blood. 
Titration of fluid therapy: As PAOP measures 
pre load 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). I ligh 
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 genera l anesthesia and has potential to cause 
life-threatening complication such as esophageal 
rupture (very rarely). 

Gastric Tonometry 
It measures gas tric mucosa pH and CO2• 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 a re 
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 o utput, however, 
is highly invasive, associated with life-
threatening complications such as pulmonary 
artery rupture and cardiac ramponade. 
Pulse contour de,,ices: Any artery (most 
commonly radial) is cannula ted and pulse 
contour device (Flotrac) is anached which 
analyses the pulse wave to calculate cardiac 
functions. 
Partial CO2 rebreathing cardiac output can be 
done only in intubated patient. 

RESPIRATORY MONITORING 
Measurement of Oxygenation 
Pulse Oximetry 
Pulse ox.imetry is the most basic and mandatory 
monitor to measure the oxygen satura tion of 
hemoglobin in a rte rial blood (Sp02). The probe is 
applied on fingers nailbed, toe nailbed, ear lobule 
and tip of nose. Normal SpO2 = 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 infra red 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 patte rn of 
red light such as oxygenated hemoglo-
bin therefore will overes timate the real 
value. 
Methemoglobinemia: Shows fix satura-
tion of85%. 

I lowever, pulse oximeters perform accurately 
in the presence of sickle and fetal hemoglobin. 
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 Sp02 reading. 
Vasodilatation: Slight decrease. 
Nail polish (especially blue color): Impairs the 
transmiss ion of light therefore shows fa lse 
reading. 
Shivering: Constant movement of finger 
impairs continuous transmission of light and 
hence false reading. 
SpO2 below 60%: Below 60% most instruments 
underestimate the actual value. 

• 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-oxim eters: As discussed that rou tine 
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 differenliate between 
normal and abnormal hemoglobin. 
Photople thysmography: 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 (Sv02) 

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 I he best indicator of tissue oxygenation. 
Normal Sv0 2 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, card iac failure, shock, Anemia, 
carboxyhemoglobinemia or which increases 
oxygen uptake like pain, shivering, hyperthermia 
leads to reduction in Sv02• 

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 Sv02• 
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Regional Oxygenation (r5o2) 

Mixed venous oxygen saturation indica tes 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
(rSo2). Typical values of rSo2 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 (ETCO2) along with 
its waveform. Normal is 32 to 42 mm Hg (3 to 
4 mm Hg less than arterial pCO2). 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 tha t there is delay in 
response and humidity can block the chamber. 
Mainstream: Sample cell is placed in 
expiratory limb of breathing circuit. The major 
disadvantage is increased dead space. 

Normal waveform (Fig. 6. l ): It has four phases: 
Phase I: Contains dead space gases with almost no 
CO2. 
Phase 11: Transition from phase l (dead space) to 
phase Ill (alveolar phase) 
Phase III: Alveolar plateau 
Phase TV: Down slope at the time of inspiration. 

Ill 

40 

IV 

Time

Fig. 6.1 : Normal waveform of capnography 

Uses of capnography 
l. To confirm intubation: Capnography is the 

surest technique to confirm intubation
2. To diagnose the following conditions: 

ETCO2 = o 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 CO2 
from tissues to lungs): It becomes zero after 
few waveforms (CO2 present in lungs keep on 
exhaling for few breaths). 

Decrease in ETC02 is seen in: 
Pulmonary embolism by air, fat or th rombus (it 
may become zero, if embolus is large enough 
to block total pulmonary circulation). 
Decreased production of CO2 like in 
hypothermia 
Decreased perfusion (and hence decrease 
delivery of CO2 to lungs) in hypotension 
l lyperventilation 

Increase in ETC02 is seen in: 
Exhausted sodalime or defective valves of 
closed circuit which impairs the absorption of 
CO2 or causes inhalation of expired CO2 
Increase production in hypermetabolic 
states such as fever, malignant hyperthermia 
(ETCO2 may even rise to more than 100 mm 
Hg), Thyrotoxicosis, Neuroleptic maligna nt 
syndrome. 
Decreased ventilation (like in neuromu cular 
diseases, central respiratory depression by 



opioids, thoracic surgeries) leads to retention 
of CO2 and hence proportionate increase in 
expired CO2 
Bicarbonate adm inistration (Bicarbonate on 
metabolism produces CO2) 
Bronchial intubation: ETCO2 can signifi-
cantly increase in bronchial intubation due 
to increase in ventilation perfusion (V I Q) 
mismatch. 

No change in ETC02 
Bronchospasm/ COPD: There is increase in 
up-sloping (phase II) of waveform but due to high 
diffusibilty of CO2 net value of ETCO2 remains 
normal even in severe bronchospasm 
3. To control leve l 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 ETCO2 of at least 10 mm I lg. 

Different waveforms of capnography encoun-
tered in clinical practice 

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

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

\ J l 
Fig. 6.2(i): Normal waveform for mechanically 

ventilated patient 

Fig. 6.2(11): Normal waveform for spontaneously 
breathing patient 
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Prolonged expiration (increased slope 
of phase Ill ) for COPD, asthma patient 
[Fig. 6.2(iii)]: 
ETCO2 baseline not coming to zero 
!Fig. 6.2(iv)] indicates that patient is inhaling 
CO2 which can be because of: 

Defective expiratory valve (stuck open 
leading to CO2 getting mixed with 
inspiratory gases) 
Exhausted CO2 absorbent 

Recovery of spontaneous breatl1 [Fig. 6.2(v)]: 
Cardiac oscillations (effect of pumping of heart 
on lungs) [Fig. 6.2(vi}]: 

40 
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Fig. 6.2(iii): Prolonged expiration for COPD, 
asthma patient 

Inspired CO2 

Fig. 6.2(iv): ETCO2 not coming to zero 

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

Fig. 6.2(vi i): Increase pC02 

Fig. 6.2(viii): ETC02 suddenly becoming zero 

Increase ETC02 [Fig. 6.2(vii)] indicating: 
Hypoventilation 
Defective valve (in closed position) of 
closed circuit 
Malignant hyperthermia 
Exhausted sodalime 

ETC02 suddenly becoming zero (fla t line) 
[Fig. 6.2( viii)] indicates: 
- Extubation 
- Disconnection 

Complete obstruction 
Cardiac arrest 

Decreased CO2 (Fig. 6.2(ix)) indicates: 
- Hyperventilation (most common cause) 
- Embolism 

Leakage of gas 
Partia l obstruction or partial kinking of 
tube. 

Fig. 6.2(ix): Decreased CO2 

Apnea Monitoring for Non intubated 
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: Airllow at 
nostrils can be detected by placing acoustic 
probe in nasal cavity, encasing patien t 
head and neck in tight canopy (can be very 
claustrophobic for conscious patients) or using 
noninvasive capnography (done by placing a 
special ETC02 cannula in nasal cavity). 
Detection of chest movements: The methods 
employed to detect chest movements are: 
- Impedance plethysmography (Respiratory 

inductance plethysmography): Th e 
thorax is e ncircled by e lastic bands 
conta ining 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 
th rough ECG leads can continuously 
detect transthoracic electric impedance 
which is converted to respiratory rate by 
software present in monitor. All advanced 
ECG monitors have th is 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 ETC02 cannulas have 
yield more accurate results than techniques 
using thoracic impedance technology. 

The major limitation of these monitors is 
th at they cannot detec t 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 ind icator of 
apnea not only in non-incubated patients but 
in incubated 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 in sp iratory limb of 
anesthesia circuit as near as to th e patient. 

Airway Pressure, Flow and 
Volume Monitoring 
Most of the modern anesthesia machines have 
sensors for m easuring a irway pressure, fl ow 
and volume. Airway pressure should be less 
than 20 to 25 cm of H 20. High airway pressure 
indicates ei ther obstruction in tube or circuit 
or bronchospasm while low pressure indicates 
disconnection or leaks. Simila rly, 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 h eparinized 
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 n eeded in 
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thoracic surgeries, hypothermia and hypotensive 
anesthesia. Modern analyzers give results within 
l to 2 minutes and require as low as 0.2 ml of 
blood. 

Normal values on room air 
pH = 7.38 to 7.42 
Partial pressure of oxygen (pO2) = 96 to 98 

mm Hg 
Partial pressure= 35 to 45 mm Hg 
of carbon dioxide (pCO2) 

Oxygen saturation (SpO2) = 95 to 98% 
Base deficit = -3 to + 3 
Blood gas values of mixed venous blood 
pO2 = 40mm Ilg 
pCO2 = 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 Junction. (For 
details of ABC see Chapter 40 ). 

Lung Volumes 
Lungs volumes are measured by spirometry 
{for details refer to Chapter 1). 

TEMPERATURE MONITORING 
Hypothermia is the most commo11 thermal per-
turbation seen during anesthesia. 
The reasons are: 

Most anesthetics are vasodilators, causes 
heat tran sfer from core to periphery, and 
consequently h eat loss and hypothermia. 
Moreover, they inhibit centra lly mediated 
thermoregulation and decrease the threshold 
for respo nse to hypothermia from 37°C 
(normal) to 33°C to 35°C. 
Cold environment (air-conditioned operation 
theaters). 
Cold intravenous fluids. 
Heat loss from th e body by con vection, 
rad ia tion a nd evapo ration. 
During general anesthesia core temperature 

decreases by 0.5- l.5°C in first hour and heat loss 
may be as high as 30 kcal/ hour 

Hypothe rmia may be defin ed as core 
temperature less than 35°C. It is divided into: 

Mild: 28 'C to 35'C. 
Moderate: 2 l °C to 27°C. 
Profound or severe: < 20°C. 
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Systemic Effects of Hypothermia 
Cardiovascular system: Bradycardia, Hypo-
tension and vent ricular arrhythmia's ar 
temperature < 28°C. Hypothermia triples the 
incidence of morbid cardiac outcomes 
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%. 
Acid-base balance: Increased solubil ity of 
blood gases, therefore less values on blood gas 
analysis. Acidosis occurs because of lactic acid 
production. 
Kidney: Decreased GFR, no urine output at 
2o·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 inhalationaJ agents. 
Effect on wound: Hypothermia not only delays 
thewound healingbut also increases the chances 
of wound infection by3 times. 
Thermal discomfort in conscious patient. 

Indications for Temperature 
Monitoring 
As the possibil ity 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 bums, 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 
Esophagus: Considering all factors such as 
economy, accessibili ty, safety and 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. 
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. 
Tympanic membrane: Most accurately 
measures brain temperature but the associated 
risk of tympanic membrane perforation deters 
its routine use. 

Treatment of lntraoperative 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. 
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. Ea.ch 
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. 

eonatal 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). 
I lowever, due to technical infeasibili ty 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 pcroneal. 

Stimuli Used for Neuromuscular 
Monitoring 

Single twitch: A single stimulus is given for 
0.2 milliseconds. Both depolarizing and non-
depolarizing muscle relaxan ts 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 T1, T2, T3 
and T4 [Fig. 6.3(i)]. The ratio ofT4 co Tl (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. T4/T1 ratio will be 1. 

T:TJT l 3 4

Control (Normal) 
(i) 

Depolarizing block 
(ii) 

11 1 1 
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It is observed that with depolarizing 
muscle relaxants all four responses decrease 
simu ltaneously in ampli tude, i.e. T4 /T1 
remains 1 [Fig. 6.3(ii)] to finally become 
O when all four responses becomes absent 
(required for intubation). With non-
depolarizing muscle relaxants, first there will 
be decrease in T4/T1 ratio followed by FADING 
which means T4 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 ofT2 [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 ata 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 plas ma 
cholinesterase activity). If the patient on 

a b C d e 
Non-depolarizing bJock (Note the fading) 

(iii) 

Fig. 6.3: Neuromuscular monitoring (Train of four response) 
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succinylcholine shows Jading, it is pathogno-
monic of phase JI block. 
Tetanic stimulation: A sustained stimulus of 
50- 100 I lz 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 i given 
just after the tetanic stimulation. As discussed, 
tetanic stimulation will increase acetylcholine 
levels a t neuromuscular junction . This 
increased acetylcholine w ill 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 11011-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 mil liseconds. 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 commo nly 
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) 
UsesofEEG 

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 biplzasic pattern on EEG, 
i.e. at lower doses, they causes excitation 
(h igh 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 
excita tion. 
Opioids, benzodiazepines, dexmedeto-
midine and halothane cannot produce 
complete suppress io n (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 exci tation 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, brachia) plexus 
exploration or surgery of brain area which 
involves thalamus or sensory tract. 
Brainstem auditory evoked response (BAER): 
Useful for procedures involving aud itory 
pathways (like resection of acoustic neuroma) 
and posterior fossa surgeries. 
Visual evoked response (VER): Usefu l 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 inhalationaJ 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 oflight anesthesia are: 

Tachycardia, Hypenension. 
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 slowe r in frequency 
(appears like alpha waves). Further increase in 
depth causes further s lowing of EEG (theta and 
delta waves). To conclude, it can be said that beta 
waves in pre/rant.al 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 F. 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 s tudies 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 
an esthesia). 

Auditory-evoked response 
Although diffic ult to monitor but is considered 
as reliable as BIS index to monitor the depth of 
anesthesia. 

Cerebral Blood Flow Monitors 
Xenon133 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: It is 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 durin g general 
anes thesia and we have to rely on clinical signs 
such as hypertension and tachycardia. 

M ONITORING BLOOD LOSS 
Estimation of blood loss is done by weighing 
blood-soaked swabs, sponges (Gravi metric 
method) and estimation of blood loss in suction 
bottle (Volumetric method). However, the most 
accurate method is colorimetric method. 
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On an average (a rough guide): 
• Fully soaked swab means 20 mL of loss. 

KEY POINTS 

Fully soaked sponge means 100- 120 mL ofloss. 
A fist of clots means 200-300 mL ofloss. 

• In spite of availability of sophisticated monitors nothing can replace the vigilance of an anesthetist. 
• The most preferred leads for ECG monitoring are lead II and V5. Arrhythmia are best detected in lead II and 

ischem1a's in lead V5. 
• The maximum interval between two blood pressure recordings should not exceed more than 5 minutes. 
• Invasive blood pressure monitoring Is considered as gold standard monitoring of blood pressure. 
• As radial artery has collaterals (transpalmar arch) for the blood supply of hand, it is most commonly chosen 

artery for cannulation. 
• 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. 
• PAOP is best utilized to d fferent,ate between cardiogen,c and noncardiogenic pulmonary edema (ARDS) 
• Oxygen saturation of m,xed venous bIood is best guide to assess tissue perfusion (cardiac output). 
• n present day medicine transesophageal echocard·ography (TEE) and transthoracic echocardiography (TTE)

are the best tools to assess cardiac function and detect wall motion abnormality, i.e. lschemia in perioperative 
period 

• Transesophageal echocardiography provides the best window for measuring and assessing cardiac functions 
In intraoperative period. 

• Co-ox1meters are the special type of oximeters which can differentiate between normal and abnormal 
hemoglobin. 

• In current day practice a I monitors use infrared absorption technique to measure concentration of all expired 
gases except oxygen and nitrous oxide. 

• Capnography s 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. 
• Hypothermia is the most common thermal perturbation seen during anesthesia. 
• Temperature should be monitored in patients receiving general anesthesia >30 minutes and in al patients 

whose surgery lasts > 1 hour (irrespective of type of anesthesia). 
• Lower end of esophagus is considered as best site for core body temperature measurement.I lowever, 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 monitoring is adductor pollicis suppiied by ulnar nerve 
• Tra,n of four is the most commonly used modality for neuromuscular monitoring in clinicalpractice. 
• Fading, post-tetanic facilitation and post-tetanic count are only exhibited by non-depolarizing muscle relaxants. 
• B1spectral index (BIS) monitor is the first scientifically validated and commercially available monitor to assess 

the depth of anesthesia. 



CHAPTER 7 
Fluids and Blood Transfusion 

FLUIDS 
Fluids are divided into crystalJoids and colloids. 

Crystalloids 
Ringer lactate (RL) 
Normal saline ( S) 
Glucose solutions 
Dextrose with normal saline preparations 
(DNS) 
Hyperconic saline. 

Colloids 
Dextrans 
Albumin 
Gelatins 
Hydroxyethyl starch 

Blood. 
Table 7.1 shows differences between crystal-

loids and colloid solutions. 

CRYSTALLOIDS 

Balanced Salt Solutions 
Ringer Lactate Solution 
(RL; Hartmann Solution) 
Composition of ringer lactate is: 

a+ 131 mEq/L 
Cl 111 mEq/L 
K+ SmEq/L 
Ca2

• 2 mEq/L 
Lactate 29 mEq/ L 

pH =6.5 

• Table 7.1: Differences between crystalloids and colloid solutions 

Cr stalloids 

• May be isotonic (NS and 5% dextrose), hypertonic (DNS and 
hypertonic saline) 

• lntravascular half-hfe 30 minutes so expands plasma volume 
for less time 

• Cheap 

• 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 

• Can precipitate edema by easily diffusing to interstitial 
compartment 

• Does not interfere with clotting or causes renal dysfunction 

• No such effect 

• Allergic react ions are rare 

Colloids 
• Hypertonic solut ions 

• Expand plasma volume for 2-4 hours 

• Expensive 
• Replaced in 1 :1 ratio ( 100 ml of blood loss 

should be replaced with 100 ml of colloid) 

• Decreases cerebral edema and pulmonary edema 
by increasing intravascular oncotic pressure 

• Colloids in high doses can interfere with clotting 
(by primarily decreasing factor VIII level) and 
causes renal dysfunction 

• Dextrans can cause rouleaux formation and 
interfere w ith blood grouping 

• Allergic reactions are common 
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Ringer lactate is sligh tly hypo tonic ( Osmolarity 
273 mos m/ L). Lacta te is metabolized to 
bicarbonate. 

As RL conta ins calcium blood should not be 
given th rough the same drip set. 

Plasmalyte 
The composition of plasmalyte is: 

Na+ 140 mEq/ L 
Cl 98 mEq/L 
K' 3 mEq/ L 
Mg2+ 3 mEq/ L 
Acetate 27 mEq/ L 
Gluconate 23 mEq/ L 
Acetate and gluconate a re metabolized to 

generate bicarbonate. 
The concerns that lactate in ringer lactate can 

cause lactic acidosis lead to evolution ofplasmalyte. 
However, th is 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% aCl isotonic solution. 

Na+ 154 mEq/ L 
Cl+ 154 mEq/ L 
As normal sa line contains h igh sodium 

and chloride it can cause hyp erna tremia and 
hyperchloremic metabolic acidosis (increase 
ch lo ride decreases bicarbonate). It is only 
preferred over ringer lacta te for treating: 

Hypochloremic metabolic alkalosis. 
Brain injury (Ca2+ in ringer lacta te 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 se t otherwise rouleaux formation will cause 
clumping of RB Cs. 

Dextrose Normal Saline (DNS) 
DNS is hypertonic. 

l /5 NS + 4.3% dextrose and 5% dextrose+ 1/4 
NS are isotonic solutions. These are used as 
maintenance fluids. 

Hypertonic Saline 
Used for treating: 

Hyponatremia. 
Cereb ral 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 l O years. 
Half life of dextrans is 2- 8 hours. 

Advantages 
Dextrans are neutral and chemically inert. 
Low molecula r weight dextran (Dext ran 40) 
improves microcirculation therefore useful for 
vascular surgeries. 

Drawbacks 
Dextrans interfere with blood grouping and 
cross matching. 
Interferes with p latelet fu nction . 
Can cause severe anaphylaxis. 

• Large molecula r 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 bur are 
quite expensive. Albumin is more useful if there is 
protein loss like in peritonitis, liver failure, burns 
and protein losing enceropathies/ nephropathies. 

Gelatins (Haemaccel) 
Molecular weight: 30,000. 
Available as 3.5% solution. 
Composition of Haemaccel: Each liter 
contains: 
Gelatin: 35 g 



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 

inte rfere with blood grouping, platelet function 
and clotting but a t 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 an d Pentastarch. Hydroxyet/zyl starch 
(Haes-Steril) are the most commonly used colloids 
in current day practice. They a re 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 al 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 search. 

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 = 2 ml/kg/ hr 
> 20 kg = 1 ml/kg/hr 

Example: For a patient of 50 kg ho urly fluid 
requirement will be calcu lated as: 

Up to JO kg @4 ml/kg = 40 ml 
10-20 kg@ 2 ml/kg = 20 mL 
20-50 kg @ 1 ml/kg = 30 ml 
Total = 90ml 
@ = at the rate of 
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Selection of fluid for maintenance: An esthesia 
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 norm al 
body composilion, is the fluid of choice for 
maintenance. 

As thought previously, children are not so 
prone fo r hypoglycemia; therefo re dextrose 
containing solutions along with hyperglycemia 
of stress can cause hyperglycemia and its con-
sequences in pediatric population roo. 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 crysralloids/ 
colloids. Crysta/loids are preferred over colloids 
due to the fo llowing reasons: 

Crystalloids not only replace intravascula r 
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 p revious belief that 2/ 3rd of 
the crysralloid crosses the endothelium to 
enter the extravascular space (interstitium) 
and therefore should be replaced in a ratio 
of 3:1 to inlravascular volume loss, it has 
been now been proven that only 40-50% 
of c rysrallo ids crosses the endothelium. 
Therefore, crystal/oids should be replaced in a 
ratioof 1.5:1. For example, blood loss of 100 ml 
should be replaced with 150 ml of crystalloid 
Therefore, it can be well concluded tha t 

colloids are only reserved for severe shock where 
maintenance o f intravascular volume is vital. 
Mild to modera te 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 sta rches are continued to be the most 
popular choice in most of the world including 
India. 

Calcula tion 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 or decreasing 
cardiac output)+ losses. 

As a rough guide during surgery, fluid is given 
at rate 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 guid ing 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 (CDT). GDT 
means giving fluids by measuring dynamic cardiac 
functions such as: 

Flow time through aorta ( ta rget should be >400 
milliseconds) 
Stroke volume and pulse pressure variation 
(means variation in stroke volume and pulse 
pressure d uring inspiration and expiration). 
Variation >l00- 15% confirms hypovolemia 
Cardiac output. 
These dynamic parameters can be measured 

by esophageal Dopple r, transesophageal echo-
cardiography or simply by p ulse contour devices 
like Flotrac (these devices analyses the radial pulse 
contour to derive these dynamic parameters). 

In the absence of above said monito rs 
pulmonary ar tery 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 Jar 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 slat us and titrate fluid therapy. 

Practical Guideline for Fluid Therapy 
The practical recommendation is that normal 
Patients undergoing minor to moderate surgeries 
are given maintenance fl uids 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 withou t 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. 
Liver failure: Flu ids 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 gu ided by cardiac 
monitoring. Colla .ids in low volume may be 
beneficial by decreasing edema in congestive 
heart failure. 
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 tha t 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. 



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 crystalJoids 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 colJoids should be avoided. 

Other Routes of Fluid Administration 
In case of emergencies where vein is not accessible: 

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 
a reliable 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: 

• Table 7.2: Compatibility tests 

Blood group Red cells Plasma 
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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% RB Cs 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 
• 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 lo contain antibodies against 
A o r B. Red cells are also tested with anti D 
antibodies to determine Rh +ve or -ve. 

Can donate blood to Can receive blood from 

A Antigen A Anti B antibodies GroupA,AB GroupA,O 

B Antigen B Anti A antibodies Group B,AB Group B,O 
AB {Universal recipient) Antigen A and B Nil AB A, B,O,AB 

0 {Universal donor) Nil Anti A and anti B A,B,O,AB 0 
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Cross matching: Patient's (recipient) serum 
is m ixed with donor cells. It involves three 
phases. In first phase ABO incompatibility 
is determ ined. It takes 1-5 minutes. Second 
phase determines antibodies of Rh system. 
It takes 30 min utes. Thi rd phase (indirect 
an tiglobulin test) dete rm ines 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 
ln 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 l % (0.01 % ). So it is advocated that 
for surgeries in which chances of transfusion are 
less than I 0% only type and screen is done and 
if transfusion is required then only cross match 
should be done. 

Emergency Transfusion 
If the re is no time to determin e ABO group (or 
there is some problem in determining recipient 
blood group) then O -ve (universal donor) red cells 
should be used. 0 -ve red cells are preferred over 
0 -ve whole blood because it is seen that some 
0 -ve donors may have a nti-A and anti-B 
antibodies in their plasma. 

Storage of Blood 
Blood is sto red in the cold part of refrigerator at 4°C 
(never in the freezer). 

It can be stored for 21 days if acid citrate 
dextrose is used. 

• It can be scored for 35 days if the preservative 
anticoagula nt solution used is CDPA-1 
C for Ciu·ate as anticoagulant. 
D for Dextrose as e nergy source for red cells. 
P for Phosphate as buffer. 
A for Adenine to increase the red cell survival. 
CDPA is mosl commonly used anticoagulant 
in India. 
It can be stored for 42 days if anticoagulant 
preservative solution used is ADSOL (Adenine, 
glucose, mannitol and sod ium c hloride) 
o r NUTRICE (Ad e nin e, glucose, c it ra te, 
phosphate and NaCl) and Optisol. 

Changes in Stored Blood 
pH : Decreases (6.98 at 35th day of 

storage) 
Hemoglobin 
concentration 
Hematocrit 

: Decreases (70% at 35th day) 

: Decreases ( 40% at 35th day) 
Potassium : Increases 
2, 3 DPG level : Decreases(< l µm / mL at 35th 

day; normal is 13.2 mcm/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 sto red 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 
JO% 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 othe r 
p roducts like fresh frozen plasma, platele ts, 
cryoprecipitate, white cells, etc. 
Hemacocrit of packed cell unit is 70% and the 
volume is 250 mL. 
The half- life of transfused RBCs is less 
(60 days). 

Frozen RBCs 
1 hese are expensive but the chances ofreaction 
and d isease 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 with in 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 
clolling factor by 2-3% (initial volume of 
infusion is 10-15 ml/kg) 
A BO 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 a t 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 unics 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 mu ltiple 
donors, the chances of disease cransmission 
are high. Single donor platelets (SOP), where 
multiple units of platelets are derived from 
single donor by apheresis mach ine, can 
largely solve this problem. One unit of SOP 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 cryoprecipita te contai ns 80-145 
units of factor VIII and 250 mg of fibrinogen. 
Cryoprecipitate also contains factor Xlll and von 
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Willebrand's factor. Cryoprecipi tate 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. 
Incidence isl in 6,000 to l in40,000 (fatal hemolytic 
reaction incidence is l in 100,000). Blood as low as 
10 ml can produce hemolytic reaction. 

Clinical m an ifestat ions: The awake pacient 
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 cubules 
leading to acute renal fai lure. 
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 µg/kg/ min} 
improves renal blood flow. 
Alkalinize the urine. 
He mod ialysis. 
Assay urine hemoglobin , pla telet 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 
micro.filter blood sets with pore size of 20-40 µm 
instead of conventional blood sets with pore size 
of 170 µm 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. 

Hepatit is 
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) 
lncidence is 1 in 900000. 

• It is 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 
Pseudomonas (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 dilulional thrombo-
cytopenia (stored blood has no platelets and 
concentration of other clotting factors is also less). 
DilutionaJ 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) 

There is 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, APTf > 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) 
Alloimmunization (production of antibodies) 
against own RBC, platelets and II LA. 
/\lloimmunization 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 lntravascular 
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 b lood can shift 
oxygen dissociation curve to left and a t least 
theoretically can produce tissue hypoxia 

Synthetic Oxygen Carriers (Artificial 
Blood) 

Perfluorocarbon emulsion called as 
rluosol-DA. 
Perfluorooctyl bromide. 
Recombinant hemoglobin. 
Recombinant erythropoietin. 
These synthetic oxygen carriers may be a 

good replacement of blood in future. 1hese will 
be particularly useful in Jehovah's witness patients 
who refuse to receive the b lood 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 a re employed for autologous blood 
transfusion. 

Predonation 
3 co 4 units of patient's own blood is taken before 
surgery [subject to condition that hematocrit 
should not fal l below 35% and hemoglobin 
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below l l 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 s urgery {time required 
for plasma volume co return to normal) and should 
not be later than 4- 5 weeks (maximum time for 
which blood can be scored with COPA). 

Th e major disadvantage o f 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 reac tions is clerica l 
errors) 

Normovolemic/ lsovolemic Hemodilution 
Blood is removed just prior co surgery and volume 
replaced with crystalloid or colloid to produce 
hemodilution; the target Hematocrit should 
be 25-28%. (Studies have s hown that oxygen 
delivery to th e tissues is better at low hematocrit 
as compared to normal hematocrit). Blood can be 
transfused back whenever necessary {preferably 
with in 6 hours to p reserve platelet function). 
Since blood is taken in Operation Theater, there 
is no risk of mismatch transfusion. egligible cost 
of techniq ue, technical feas ibili ty, no risk of mis-
match transfusion or an y other major complication 
a n d improved oxygen delivery to tissues makes 

KEY POINTS 

Normovolemic/ lsovolemic hemodilution as the 
most widely used technique for autologous blood 
donation. 

Blood Salvage and Reinfusion 
Patient's lost blood is saved {salvaged) in a s pecial 
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 co blockage of renal tubules by free 
hemoglobin (produced as a result of hemolysis of 
red cells by excessive suction pressure), infection 
and disseminate d in travascular 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 contraind ication s a re s ickle 
cell di sease, patien t s uffe ring from coronary 
artery d isease or cyanotic heart disease, and 
if the likelihood o f requiremen t of blood is 
less than 10%. 

• 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 fluidfor maintenance as well as replacement. 
• Children are prone for fluid overload therefore should receive 213rd of the calculated dose. 
• Colloids can be safely given even if there is endothelial injury like in ARDS or head injury. 
• The main aim of blood transfusion is to improve the oxygen delivery of tissues, not the volume replacement 

(which should be done by fluids). 
• In spite of varying controversies the most acceptable trigger point for b1ood transfusion are blood volume loss 

>20% and hemoglobin< 8 gm%. 
• One unit of blood/packed cells increases hemoglobin by 0.8%. 
• Most common cause of mismatch transfusion is ABO incompatibility. 
• DIC is the most common cause of death after massive transfusion while acute lung ,njury remains the leading 

cause of mortality after transfusion. 
• Massive transfusion related dilutional coagulopathies should not be treated prophylactically. 
• Platelets are the only blood products which are stored at room temperawre. 
• Normovolemic/isovolemichemodilut1on is the most widely used technique for autologous blood donation. 
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CHAPTER 8 

History of anesthesia dates back to 1st AD when 
Dioscorides used the term anesthesia to de cribe 
the narcotic effects of plant Mandragora. 

The word anesthesia which means no senses 
was coined by Oliver Wendell Homes. The term 
'balanced anesthesia' was coined by John Lundy 
and Ralph Waters. 

NITROUS OXIDE 
First anesthetic gas, i.e. nitrous oxide was synthe-
sized by Priestley in 1774 (Priestley also synthesized 
oxygen which he called Dephlogisticated a ir). 
First clinical use of nitrous oxide was done 
by Humphry Davy who used it on himself for 

History of Anesthesia 

toothache and called nitrous oxide as 'Laughing 
gas'. However, first public clinical demonstration of 
nitrous oxide was given by 'Horace Wells' for tooth 
extraction (1845), but unfortunately the patient 
cried in pain. Horace Wells became so frustrated 
that he became chloroform addict and committed 
suicide by cutting his femoral artery. 

ETHER 
It was prepared by Valerius Cordus in 1540 when 
it was known as 'sweet oil of vitriol'. First public 
demonstration of ether was given by WTG Morton 
on 16th October 1846 and that is why 16th October 
is celebrated as World Anesthesia Day (Fig. 8.1) . 
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Fig. 8.1: First successful demonstration of ether anesthesia by Morton in Massachusetts General Hospital 
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CHLOROFORM 
It was the John Snow who popularized chloroform 
using successfully in 4,000 patients. He used 
chloroform on Queen Victoria for birth of her 8th 
child. 

INTRAVENOUS ANESTHETICS 
First intravenous anesthetic used was thlopentone 
by John Lundy in 1934. 

LOCAL ANESTHESIA 
First local anesthetic used was cocaine by Carl 
Koller for anesthetizing cornea ( 1884). 
First spinal anesthesia in dogs was given by 
J Leonard Corning while First spinal anesthesia 

in human beings was given by August Beir in 
1898. 
First epidural anesthesia was given by Cathelin 
and Sicard (1901). 

MUSCLE RELAXANTS 
Harold Griffith was first to use 'curare' for 
muscle relaxation (1942). 
Bovet got Nobel Prize (1949) for us ing 
Su.xamethonium (Succinylcholine) in practice. 

INSTRUMENTS 
First Boyle's machine was invented by Edmund 
Gaskin Boyle in 1917. 
First endotracheal intubation was done by 
Ivan Magill. 
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CHAPTER 9 
Introduction to General Anesthesia 

COMPONENTS OF GENERAL 
ANESTHESIA 
The tenn anesthesia was given by Oliver Wendell 
Holmes. 

The basic components (TRIAD) of general 
anesthesia are: 

arcosis 
Analgesia 
Muscle relaxation. 
The anesthesia in present day should be 

balanced anesthesia, a concept laid by John Lundy 
in 1926. The components of balance anesthesia 
are: 
• Narcosis 

Analgesia 
Muscle relaxation 

• Amnesia 
Abolition of reflexes 
Maintenance of normal hemodynamics and 
physiologic homoeostasis. 
The balanced anesthesia can be achieved 

by combination of different techniques such as 
general anesthesia with different agents, premedi-
cation and regional anesthesia. 

GENERAL ANESTHESIA PROTOCOL 
(FOR A NORMAL HEALTHY PATIENT) 
Selected indoor patients may be premedicated 
with lorazepam or diazepam night before surgery. 
Benzodiazepines are used to induce good sleep 
and produce amnesia. 

On the day of the surgery, patient is directly 
shifted to Operation 1heater. Once the patient lies 
on operation table, the assistant starts to apply 
monitors and the anesthesiologist preoxygenates 

the patient with 100% oxygen for 3 min utes. As 
99% of the nitrogen in lungs can be replaced with 
oxygen (called as Denitrogenation) in 3 minutes, 
preoxygenation increases the oxygen reserve 
enabling the patient to sustain hypoxia for longer 
periods. 

Once the preoxygenation is complete induction 
is accomplished with intravenous anesthetics such 
as Propofol. Intravenous agents are preferred for 
induction because of their ultrafast action (with 15 
seconds). After the patient becomes unconscious, 
our next aim to secure airway as early as possible. 
That's why due to its rapid onset, suxamethonium 
(succinylcholine) is the ideal muscle relaxant for 
intubation, however, because of the side effects its 
use is only restricted to rapid sequence or difficult 
intubation. In normal circumstances, patients are 
generally intubated with non-depolarizers. 

As soon as the effect of muscle relaxants sets 
in, patient is intubated with cuffed endotracheal 
tube. Position of the tube is verified by auscultation 
and capnography. Tube is fixed with adhesive. 
After confirming the position of tube, positive 
pressure ventilation (IPPV) is started with bag or 
ventilator. 

Anesthesia is maintained with oxygen (33%) 
+ nitrous oxide (66%) + inhalational agent. As 
Nitrous oxide depletes ozone, majority of the 
anesthesiologist in current day practice use air 
instead of nitrous oxide. Relaxation for surgery is 
achieved by non-depolarizing muscle relaxant. 

At the end of the surgery, the muscle blockade 
effect of non -depolarizers is reversed with 
neostigmine + glycopyrrolate, and then the patient 
is extubated after thorough suctioning of oral 
cavity. 
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• Table 9.1: Stages of anesthesia 

Respiration Tidal volume 

Stage-1 Irregular Small 
(Stage of analgesia): 
From analgesia to loss of 
consciousness 
Stage-2 Irregular Large 
(Stage of excitement): From 
loss of consciousness to 
rhythmic respiration 
Stage-3 Divided into four planes 
(Stage of surgical anesthesia): 
Plane I Regular Large 
(From rhythmic respiration 
to cessation of eye 
movement) 
Plane2 Regular Medium 
(Cessat ion of eye movement 
to respiratory paresis) 
Plane3 Regular Small 
(Respiratory paresis to 
paralysis) 
Plane4 Jerky Small 
(Diaphragmatic paralysis) 
Stage-4 
(Medullary paralysis) 

STAGES OF ANESTHESIA 
Stages were described by Guedel with ether 
(Table 9.1). However, in current anesthesia 
where newer inhalational agent are so fast acting 
that these stages do not exists therefore there 
is no need for the students to go in details of the 
stages and the only salient features to be noted 
are: 

Stage of surgical anesthesia is stage Ill plane 3 
because laryngeal reflexes goes in this stage 
and intubation can be performed. Onset of 
surgical anesthesia (stage Ill) is best indicated 
by onset of regular respiration. 

Pupils Eye position and Reflexes 
ocular movement abolished 

Constricted Divergent (Normal) Nil 

Dilated (due to Divergent (Roving) Eyelash 
sympathetic 
stimulation) 

Constricted Divergent(Roving • Conjunctiva! 
initially and fixed till • Pharyngeal 
the end) • Skin 

½ DIiated Fixed centrally Corneal 

¾ Dilated Fixed centrally Laryngeal 

Fully dilated Fixed centrally • Carinal 
• Anal sphincter 

First reflex to go is eyelash, therefore loss of 
consciousness is tested by absence of eyelash 
reflex while the last reflex to go is carinal reflex 
(tested by touching the carina with suction 
catheter which should initiate cough). 
Initial pupillary dilatation seen in stage II is 
because of sympathetic stimLLlation. 
The return of reflexes is in opposite sequence, 
i.e. first to come is carinal reflex and last is 
eyelash. Therefore theoretically, it is cough 
which should come first but swallowing 
comes earlier because coughing also requires 
diaphragm and respiratory muscles effort. 



CHAPTER 10 
lnhalational Agents: General 

Principles and Individual Agents 

lnhalational agents are mainly used in anesthesia 
for maintenance of anesthesia, however, they can 
also be used for induction, especially in children. 

CLASSIFICATION 
Agents in Common Use 

Halothane 
lsoflurane 
Nitrous oxide 

Newer Agents 
Sevoflurane 
Desflurane 

Agents Not in Use 
Enflurane 
Ether 
Trilene 
Methoxyflurane 
Cyclopropane 
Chloroform 

MECHANISM OF ACTION OF 
INHALATIONAL AGENTS 
Anesthetic potency of an inhalational agent is 
directly proportional to its lipid solub ility (oil 
gas partition coefficient). This is called as Meyer 
Overton rule. This rule lead to the unitary theory 
of narcosis which means that a ll inhalational 
agents has common lipophilic (lipid soluble) site. 
However, there were many exceptions to this rule 
like: 
• All lipid soluble agents do not produce 

anesthesia rather many can even produce 
convulsions. These agents, wh ich are lipid 

soluble but do not produce anesthesia a re 
called as immobilizers. 
As per Meyer Overton ru le all isomers of 
same agent should have same potency but 
this is not true. Isoflurane, enflurane and 
desflurane in sp ite of being isomers have 
di fferent potencies. Similarly, homologo us 
series of same compound (with increasing 
lipid solubility) should be more potent but 
in fact, it is opposite. This is called as cut-off 
effect. 

• It was very well proven that anesthetic agents 
not only bind to lipophilic (lipid soluble 
site) site, they also bind to hydrophilic (lipid 
insoluble) sites. 
These exceptions to Meyer Overton ru le lead 

to shifting of mechanism from lipid sites to protein 
sites; the most acceptable mechanism is that they 
directly bind to cellular proteins altering their 
enzymes. 

Other mechanisms of actions a re: 
Theory of fluidization: By expanding cellular 
membrane they cause its fluidization blocking 
the sodium channels. 
Critical volume hypothesis: They expand 
the cell membrane beyond critical amount 
altering the membrane function. 
Enhances GABA ( and Glycine) media led 
inhibition of cenlral nervous system: Al 
molecular level, modulation of GABA receptors 
is considered as principal mechanism of act ion 
for all volatile agents except the gases- nitrous 
oxide and xenon which acts by inhibiting 

-melhyl-D-aspartate (NMDA) receptors. 
Decrease the concentration of excitatory 
neurotransmitters in brain. 
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Site of Action of lnhalational Agents 
These agents mainly act on central nervous 
sys tem (producing unconsciousness and 
amne ia} and dorsal horn cells of spinal cord 
(producing analgesia and immobility}. 
Mainly acts o n synapses (both pre- and 
posrsynaptic level}, however, in h igh doses can 
block axonal transmission. 

POTENCY OF INHALATIONAL AGENTS 
Best estimate for dete rmining the potency of 
inhalational anesthetic is minimum alveolar 
concentration (MAC) which is defined as minimum 
concentration of agent required to produce immo-
bility in 50% of the subjects given noxious stimuli, 
which is skin incision in human beings and tail 
clamping in rats. More important from clinical 
point of view is MAC95 (MAC producing effect in 
95% individuals). MAC95 is 1.3 times of MAC50• 

Another MAC which is sometimes used in 
cl.inical practice is MACawake. It is MAC at which 
patient is not unconscious but remains amnestic. 
It is 0.3 times ofMAC50. 

It is very clear from the definition of MAC that 
the agent with minimum MAC will be most potent. 

MAC for different anesthetic agents in current 
use is given in Table 10.1: 

It can be concluded from the Table I 0.1 that 
halothane with MAC oJ0.74% is the most potent 
while nitrous oxide with very high MAC of 104% is 
the least potent among the agents used nowadays. 

Factors Effecting MAC 
Factors Decreasing the MAC 

Age: Maximum MAC in human beings is at the 
age of 6 months, thereafter decreasing steadily 
throughout the life (except a slight increase at 
puberty). 

• Table l 0.1: Minimum alveolar concentration (MAC) 
for different anesthetic agents in current use 

MAC 
Halothane 0.74% 
lsoflurane 1.15% 
Sevoflurane 2.05% 
Desflurane 6.0% 
Nitrous oxide 104% 

Temperature: Decreasing the temperature 
decreases the MAC. Increasing temperatu re 
(up to 42°C) also decreases the MAC. 
Anemia ( Hb < 5 gm%), Hypoxia (pO2 < 40 
mm Hg) and Hypercarbia (pCO2 > 95 mm Hg) 
decreases the MAC, only if they are severe. 
Alcohol: Acute alcohol or acute ad ministration 
of amphetamines decreases the MAC. 
Pregnancy: lnhalarional anesthetics should be 
used in lower concentrations in pregnancy. 
Concurrent administration of lntra11enous 
anesthetics and alpha2 agonists. 
Local anesthetics: All local anesthetics except 
cocaine decreases the MAC. 
Electrolytes imbalances decreasing MAC 
are: Hyponatremia, Hypercalcemia and 
Hypermagnesemia. 

Factors Increasing the MAC 
Hyperthermia > 42°C 
Chronic intoxication of alcohol and amphe-
tamines 
Cocaine, ephedrine 
Barometric pressure: Increasing pressure 
increases the MAC (pressure reversal theory of 
anesthesia) 
Hypernatremia 

Factors Having No Effect on MAC 
Thyroid disorders 
Sex: MAC is same for males and females. 
Obesity: MAC does not increase in obese 
patients 

UPTAKE AND DISTRIBUTION OF 
INHALATIONAL AGENTS 
lnhalational agents del ivered by vaporizer and 
mixed wi th carrier gas (oxygen + nitrous oxide 
or oxygen a lone) reach the patient's alveoli; from 
there they are taken up by blood and reach different 
tissues. The concentration in CNS determines the 
effect of inhalational agent. 

Factors effecting the uptake and distribution 
are: 

Inspired (Delivered) Concentration (Fl) 
It depends upon the concentration or partial 
pressure (concentration and partial pressure are 
used interchangeably) delivered by vaporizer, 
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fresh gas flow, absorption by breathing circuit and 
ventilation. 

Alveolar Concentration (FA) 
It depends on inspired concentration and uptake 
by blood. Anesthetic tether is the ratio of delivered 
concentration to alveolar concentration (FD/ 
FA). It is important that delivered partial pressure 
(concentration) from the vaporizer must be higher 
than targeted alveolar pressure. This is called 
Overpressure. The more overpressure used, the 
more rapidly anesthetic is deUvered. 

After equilibrium is achieved between brain 
and blood, alveolar concentration reflects the 
concentration in brain. In tissues with high 
perfusion such as brain, the equ ilibrium is 
achieved in 4-8 minutes. 

The uptake by blood is directly proportional 
to blood gas partition coefficient (lambda), cardiac 
output (Q) and alveolar to venous partial pressure 
(PA - Pv) and inversely proportional to barometric 
pressure (P) 

Alambda x Q x (PA - Pv) Uptake=---__:_:_...:.:... 
p 

Blood Gas Partition Coefficient 
(B/ G Coefficient) 
This is the most important factor determining 
the uptake of an agent and so the speed of 
induction and recovery. Agents will low b lood 
gas partition coefficient will have high alveolar 
concentration, e.g. nitrous oxide with blood gas 
parrition coefficient of 0.47 means concentration 
(or partial pressure) in blood is 47% of alveolar 
co ncentration. Since a lveolar concentration 
determines the induction and recovery, induction 
and recovery will be fast with agent with less BI G 
partition coefficient and slower with agents with 
high BI G partition coefficients. 

Blood/ gas (B/ G) parti tion coefficients of 
different agents are in Table 10.2. 

It can be concluded from the Table 10.2 that 
overall the fas test induction is seen with xenon, 
but xenon is not yet ava ilable for commercial 
use therefore among the agents used now a day 
induction is fastest with desflurane (with BI G 
coefficient of 0.42} and slowest with halothane 
(with BIG coefficient of2.4). 

• Table 10.2: Blood gas partition coefficient of agents 
in current use 

agent_____ Blood gaspartition coefficient
Xenon 0.14 
Destlurane 0.42 
Nitrous oxide 0.47 
Sevotlurane 0.69 
lsoflurane 1.38 
Halothane 2.4 

Cardiac Output 
Increasing cardiac output increases the uptake, 
decreasing the alveolar concentration delaying 
the induction. In low cardiac output states such 
as shock, the agents with high B/ G partition 
coefficient can achieve dangerously high alveolar 
concentrations, if inspired concentrations are not 
decreased but the alveolar concentration of agents 
with low BIG coefficient will nor be so high. That 
is why in shock, agents with low BI G coefficient 
such as nitrous oxide, desfl.urane or sevofl.urane are 
relatively safe. 

Alveolar to Venous Partial Pressure 
Once the tissues have taken up the agent, the 
gradient reverses and the agent enters the venous 
system and carried back to lungs. If venous partial 
pressure is high uptake will be less. 

Ventilation 
Increasing ventilation will increase the alveolar 
concentration of agents with high B/G coefficient 
(increased uptake will decrease alveolar con-
centration so more room for inspired agent). Agent 
wi th low B/ G coefficient are least affected with 
increasing ventilation. 

AUGMENTED INFLOW EFFECT, 
CONCENTRATION EFFECT, SECOND GAS 
EFFECT AND DIFFUSION HYPOXIA 
Augmented Inflow Effect and 
Concentration Effect 
If an anesthetic agent is given in high concen-
tration the alveolar concentration rises more than 
expected and also the rateof rise is high. This is called 
as concentration effect. This is seen with nitrous 
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oxide whichis given in high concentration. For 
example, consider a lung containing 70% nitrous 
oxide, 29% oxygen and 1% halothane. If 50% of 
nitrous oxide is taken up from alveoli, the remaining 
concentration of nitrous oxide will be 63% instead 
of 50% (because decreasing the lung volume to 
50% now make 35 parts remaining in total volume 
of 65 parts yielding a concentra tion of 63%). This 
concentration is further increased in the next 
breath because large uptake of nitrous oxide 
creates a void (gradient) to indraw more nitrous 
oxide from machine called as augmented inflow 
effect (nitrous oxide has augmented its inflow from 
machine). 

Second Gas Effect 
If another agent such as halothane or Isoflurane 
is given along with nitrous oxide, by the same 
mechanism of concentration effect by which 
nitrous oxide increases its own concentration 
the concentration of inhalational agent will also 
increase. This is called as second gas effect (one 
agent effecting the concentration of other). 

Diffusion Hypoxia (Fink Effect) 
Towards the end of surgery when nitrous oxide 
delivery is stopped, the gradient reverses and 
the nitrous oxide from blood gushes in alveoli 
replacing the oxygen from there causing hypoxia. 
This is called as diffusion hypoxia. To avoid this 
diffusion hypoxia 100% oxygen should be given 
for 5-10 minutes after discontinuing nitrous oxide. 

Recovery From lnhalational Agents 
Recovery occurs when concentration in brain 
decreases, therefore it depends on pulmonary 
exhalation of agent, metabolism and excretion, 
transcutaneous loss (seen only with nitrous 
oxide). Recovery is rapid with agents with low B/ G 
coefficient. 1herefore, earliest recovery will be wilh 
desjlurane (BI G coefficient-0.42) and mostdelayed 
with halothane (BIG coefficienl-2.4). 

Absorption of Inhaled Anesthetic Agent 
by Anesthetic Circuitry 
Absorption by rubber, plastic and polyvinyl chloride 
endotracheal tube: In the past, methoxyllurane 
used to be get maximally dissolved in rubber, 
plastic and PVC. In current day, practice maximum 
absorption in seen with halothane. 

Metabolism 
All inhalational agents undergo ox:idat.ion (deal-
kylation or dehalogenation) in liver (halothane 
also undergoes reduction) by cytochrome P-450 
enzymes in phase I reactions and by conjugation 
in phase II reactions. 

All enzyme inducers such as isoniazid, 
phenytoin, phenobarbirone, ethanol, diazepam 
increase the metabolism ofinhalational agents. 

Among the agents available today maximum 
metabolism is seen with halothane (20%). 
Desflurane is negligibly metabolized(< 0.02%) and 
nitrous oxide does not undergo any metabolism in 
human body. 

SYSTEMIC EFFECTS OF INHALATIONAL 
AGENTS (INCLUDING SIDE EFFECTS 
AND TOXICITY) 
Respiratory System 
• Ventilation: Initially, all agents decrease the 

tidal volume and increase the frequency 
(respiratory rate) but with increasing dose, 
frequency also decreases finally decreasing 
the minute volume. Ventilatory responses (to 
increased CO2 and hypoxia) are blunted with 
inhalational agents. Maximum inhibition to 
ventilatory response is seen with halothane. 
Bronchial muscles: All inhalational agents are 
bronchodilators. Bronchodilatation is not only 
because of d irect effect of agents on bronchial 
muscles but also by inhibition of central 
pathways for bronchoconstriction. 
Effects on hypoxic pulmonary vasoconstriction 
(HPV): All inhalational agents are pulmonary 
vasodilators (except nitrous oxide which is 
pulmo nary vasoconstrictor) thereby b lunt 
I-IPV response worsening the ventilation 
perfusion mismatch. 

• Effect on ciliary acti11ity: All agents (except 
ether) inhibit the ciliary activity thereby reduc-
ing capability of patient to cough out secretions 
in postoperative period. 
Airway reflexes: Airway reflexes are depressed 
by inhalational agents making the patient 
vulnerable for aspiration. 

Cardiovascular System 
Cardiac output: By causing direct myocardial 
depression, all new inhalational agents 
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decrease the cardiac output. The minimum 
decrease in cardiac o utput is seen with 
lsoflurane. 
Systemic vascular resis tance (SVR): By 
decreasing SVR, all inha1ationa1 agents can 
produce hypotension
Baroreceptor reflex: All protective cardio-
vascular responses are blunted by inhalational 
agents, least with Isoflurane (allowing 
compensatory reflex tachycardia). Minimum 
decrease in cardiac output (and that is too get 
compensated by reflex tachycardia) makes 
lsoflurane, an inhalational agent of choice for 
cardiac patients (except myocardial ischernia, 
where theoretically, it can cause coronary 
steal}. 
Sensitization of heart to adrenaline: Halo thane 
(and theoretically o ther agents too except 
Jsoflurane) can sensitize myocardium to 
adrenaline, exogenous to heart. 
Cardioprotection: lnhalational agents 
(particularly Xenon) because of their anti-
apoptotic and N-methyl-D-aspartate (NMDA) 
receptor antagonistic effects have shown 
cardioprotection in experimental studies, 
however, more evidence is needed to establish 
their role as cardioprotective agents in human 
beings. 

Central Nervous System 
All inhalational agents produce dose depen-
dent reduction in cerebral metabolic rate 
(CMR) and cerebral oxygen consumption 
(CM02). lsoflurane and Sevoflurane can 
decrease CMR up to 50%. 
All inhalational agents (including nitrous 
oxide) increases the cerebral blood flow and 
hence JCT. 1he order of vasodilating potency 
is-halothane >>Desflurane " Isoflurane > 
Sevoflurane. 
Due to more favorable effects on cerebral 
hemodynamics (cerebral blood flow and 
ICT), better preservation of autorcgulaLion, 
equivalent reduction in cerebral metabolic 
rate and smoother recovery sevoflurane is 
preferred over isoflurane as a inhalational 
agent of choice for neurosurgery in current day 
anesthetic practice. 
Neurotoxicity and neuroprotection: Animal 
studies showed that babies who received 

GA with inhala tional agents at very young 
age developed cognitive impairmen t la ter 
in life. However human stud ies still remains 
inconclusive. On the contrary, by the same 
mechanisms by which inhalational agents 
produces cardioprotection they can also 
produce neuroprotection. 

Liver 
Direct hepatocellular damage is seen with 
halothane (and theoretically with lsoflurane and 
Desjlurane) but not with sevoflurane. Indirectly, all 
agents can produces some degree ofhepatotoxicity 
by decreasing the blood supply to liver. Maximal 
decrease in blood supply to liver is seen with 
halothane and least with Sevoflurane (followed by 
isoflurane). 

Renal System 
All inhalational agents depress renal function by 
decreasing the renal blood flow. Direct renal toxicity 
has been attributed to inorganic fluoride produced 
by inhalational agents. Inhalational agents are 
fluorinated to decrease their flammability. 

The nephrotoxicity produced by fluorinated 
agents is vasopressin-resistant polyuric renal 
failure. Renal threshold beyond which fluoride 
levels are toxic is 50 µm and the fluoride level 
produced by different agents is given in Table 10.3. 

Hematopoiet ic System 
Nitrous oxide interacts with vitamin B12 and 
inhibits many pathways involved in one carbon 

• Table 10.3: Fluoride level produced by different 
agents 

Agent 

Methoxyflurane 
•sevoflurane 
Enflurane 
lsoflurane 

Fluoride (F ) level (produced 
offer 2.5- 3.0 MAC hours) 

50-80µm 
20- 30µm 
20-25 µm 
4-8µm 

Halothane Produces fluoride only in 
anaerobic conditions 

Desflurane Does not produce fluoride 

•sevoflurane although produces high fluoride but still 
does not causes nephrotoxicity even after long exposures 
because its low blood gas coefficient (0.69) allows its rapid 
elimination from body. 
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moiety. It also inhibits the enzyme methionine 
synthetase and hence the production ofthymidate 
and DNA formation. Due to these effects nitrous 
oxide can produce Megaloblastic anemia, aplastic 
anemia and Homocystinuria on prolonged 
exposure. 

Spinal Cord 
itrous oxide by inhibiting the production of 

thymidate can impair myelin formation leading to 
subacute degeneration of spinal cord. 

Neuromuscular System 
All inhalational agents are centrally acting muscle 
relaxants (except nitrous oxide). Among the agents 
used now a day maximum relaxation is seen with 
Desflurane. 

Teratogenicity 
Animal studies have shown teratogenicity with 
inhalational agents (particularly nitrous oxide) 
however human studies remain inconclusive 

Inflammability of lnhalational Agents 
Current day inhalational agents a re non-
inflammable (made non-inflammable by adding 
fluorine). Inflammable agents used in past were 
Ether and Cyclopropane. 

Analgesia 
lnhalational agents in current use are not good 
analgesics except nitrous oxide and xenon which 
are good analgesics. 

Reaction of lnhalational Agents 
with Sodalime 

Trielenecan produce dichloroacetylene (which 
is neurotoxic) and phosgene gas (which can 
cause ARDS). 
Sevoflurane can produce toxic compound 
called as compound A with sodalime and 
Barylime 
Desflurane (and other agents too) can produce 
Carbonmonoxide by reacting with desiccated 
sodalime and barylime. 
Sevoflurane by reacting with desiccated 
sodalime and Barylime can produce hydrogen 
fluoride which can cause burns of respiratory 
mucosa. 

Ozone Destruction and Global Warming 
lnhalational agents are responsible for ozone 
depletion and global warming. Its maximum with 

20 followed by desflurane. The best way to reduce 
this environmental impact is to use closed-circuit 
anesthesia and avoid N20 as much as possible. 

Uterus 
All inhalational agents used nowadays are equally 
effective uterine relaxants. 

Amnesia 
All inhalational agents are good amnesic agents 
except nitrous oxide. 

INDIVIDUAL INHALATIONAL AGENTS 

Agents in common use: 

NITROUS OXIDE 
Nitrous oxide is also called as 'laughing gas' (name 
given by Humpry Davy). It was firs t prepared by 
Joseph Pristley in 1774. 

Preparation 
Prepared by heating ammonium ni trate between
245 and 270°C. 

Physical Properties 
It is colorless, non-irritating and sweet smell ing. 
Critical temperature is 36.5°C which is above 
room temperature, therefore can be stored in 
liquefied state at room temperature. 
It is stored in blue color cylinders at a pre sure 
of760 psi. 
1.5 times heavier than air. 
35 times more soluble than nitrogen. 

Anesthetic Properties 
It is not a complete anesthetic (to act as com-
plete anesthetic, the agent must be given in 
concentration above MAC. MAC of n itrous 
oxide is 104% and maximum concentration 
of nitrous oxide which can be given is 66%). 
Along with the oxygen it acts as a carrier to 
carry other volatile agents 
Blood gas coefficient of 0.47 makes it an agent 
with faster induction and recovery. 
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Although it is non-inflammable and non 
explosive, but it can support fire. 
Good analgesic. 
Not a muscle relaxant. 
When given along with orher inhalational 
agents, it increases the alveolar concentration 
of char agent (second gas effect and its own 
(concentration effect). 
At the end of surgery sudden stoppage of 20 
delivery can reverse the gradient making it 
gush to alveoli replacing oxygen from there 
creating hypoxia called as d iffusion hypoxia, 
which can be prevented by giving 100% oxygen 
for 5 to 10 minutes. 

Metabolism 
Ir is not metabolized in human body; excreted 
unchanged through lungs. A small amount gets 
excreted through skin (percutaneous excretion). 

Systemic Actions 
Cardiovascular system : In vitro it depresses 
myocardium but in vivo this effect is countered by 
stimulation of sympathetic system, therefore can 
be used safely for cardiac patients and shock. 
Cerebral: Increases cerebral metabolic rate and 
raises the intracranial tension. 
Res piratory system: Respiration is minimally 
depressed 
Immunologic system: Effects chemotaxis and 
motility of leukocytes. 

Side Effects 
Closed gas spaces and nitrous oxide: Compliant 
spaces such as gut, pleural and peritoneal 
cavity and non-compliant spaces such as 
middle ear cavity and brain can develop 
very high pressure following nitrous oxide 
inhalation because 1 mole of n itrogen i s 
replaced with 35 moles of nitrous oxide 
(35 times more soluble than nitrogen). 
Therefore nitrous oxide is contraindicated in: 

Pneumothorax: Nitrous oxide doubles the 
pneumorhorax volume in JO minutes and 
triples in 30 minutes producing severe 
cardiorespiratory compromise. 
Pneumoperitoneum. 
Pneumoencephalus: Entry of nitrous oxide 
can significantly increase the intracranial 

tension. Once the pa ti ent develo ps 
pneumoencephalus nitrous oxide cannot 
be used for l week. 

- Middle ear surgery and tympanoplaslies: 
Pressure in middle ear cavity may rise 
ro 20- 50 mm Hg which can displace the 
graft. 
Posterior Jossa surgeries: There is increased 
risk of venous air embolism in posterior 
fossa surgery and the volume of this air 
embolus can be significantly increased by 
ingress of nitrousoxide. 
Laparoscopic surgeries: Chances of air 
embolism are high in laparoscopies. 

- Acute intestinal obstruction and uolvulus 
of gut: Gut has air; ingress of nitrous oxide 
can increase the gut distension. 
Diaphragmatic hernia: Increased gur 
distension causes further a telectasis 
worsening the hypoxia 
Eye surgeries: It can expand sulfur hexa-
fluoride bubble increasing intraocular 
pressure. 

- Microlaryngeal surgeries (MLS): By 
diffusing th rough the tracheal tube cuff 
(which is fi lled with air), it may double 
or triple the cuff volume aggravating the 
post-surgical edema, which can cause 
upper airway obstruction. 

Hematological system: It inactivates vitamin 
B 12, impairs methionine and deoxythymidine 
synthesis which leads to defect in folate 
metabolism a nd therefore bone marrow 
depression causing aplastic and megaloblastic 
anemia. Vitam in B12 inactiva tion is seen, if 
nitrous oxide is used for more than 12 hours. 

Another consequence of reduced methi-
onine synthase activity is accumulation of its 
substra te, homocysteine producing homo-
cystinuria. However, whether this increase in 
homocysteine increases the risk of myocardial 
ischemia (and atherosclerosis) is not proven. 
Neurological system: Vitamin B12 deficiency 
by impairing DNA syn thesis can cause 
Subacute degeneration of spinal cord and 
enceph alopathy (sometimes presenting as 
psychosis). 
Teratogenic effects: Teratogenicity and 
increased risk of abortion has been observed 
in animals, h owever, h uma n s tud ies are 
inconclusive. 
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Environment: can deplete owne layer produc-
ing global warming. 
Impurities in nitrous oxide cylinder: Nitric 
oxide, nitrogen dioxide, nitrogen, carbon 
monoxide, ammoni a. These impurities 
can cause severe laryngospasm, methemo-
globinemia and pulmonary edema. 

ENTONOX 
It is mixture of 50% oxygen and 50% nitrous oxide 
used commonly for labor analgesia. 

It is s tored in blue colored cylinders with 
blue and white (or only white) shoulders at a 
pressure of2,000 psi. 
It should be stored above 10°c otherwise low 
temperature can cause separation of oxygen 
and nitrous oxide and h igh con centration 
of nitrous oxide can be delivered. To prevent 
this, cylinder should be inverted 2- 3 times to 
ensure good mixing. 
Ideally, the cylinder should be stored 
horizontally. 

XENON 
Although its anesthe tic properties were studied 
50 years back but could not be used due to very 
high cost of manufacturing. Recently, new cheaper 
methods fo r its synthesis have again renewed 
interest in xenon. If the cost of Xenon is reduced it 
may serve an excelJent alternative to nitrous oxide. 

Properties 
• oble gas with high density and high viscosity 

(more than air) 
Chemically inert. 
Blood gas coefficient is lowest (0.14), therefore 
induction and recovery is fastest (almost 3 
times faster than 20 which has blood gas 
coefficient of 0.47). 
More potent than nitrous oxide (MAC- 70%) 
Analgesic 

• Noninflammable, non-explosive and does not 
support fire 

Systemic Effects 
Cardiovascular system: Devoid of any cardio-
vascular effects. 

Respiratory system: Because of high density 
(almost 6 times of air), it increases airway resis-
tance making it unsuitable for asthma patients. 

CNS: Depresses sympathetic system, therefore 
can be uti lized to blunt sympathetic response to 
intubation. 

Cardio and neuropro tection: Because of its 
anti- apoptotic and MDA-receptor antagonistic 
property have shown cardio and neuroprotection 
in experimental studies, however, more human 
studies are needed. 

Metabolism 
Xenon does not undergo any metabolism in 
human body. 

Advantages over N2O 
Rapid induction and recovery. 
More potent 
No teratogenic effect 

• No ozone depletion o r greenhouse effect (No 
environmental hazard) 
Analgesia is better than N20. 

o expansion of air-filled cavities 
No second gas effect and diffusion hypoxia 
No megaloblastic and aplastic anemia, no 
subacute degeneration of spinal cord 
In conclusion, it can be said that if cost 

of manufacturing of xenon is reduced, then it 
will be the most ideal inhala tional anesthetic 
in fu ture 

Disadvantages 
Cost (100 times more costly). 

• Increased airway resistance 
Priming of breathing ci rcuit with xenon is 
must, this further increases the cost. 
Other noble gases such as krypton and argon 

also have anesthetic p roperties but no t under 
normobaric conditions, therefore cannot be used 
in anesthesia. 

HALOTHANE 
Halothane is a still widely used inhalational agent 
in India 

Physical Properties 
Colorless 

• Pleasant to smell, nonirritant makes induction 
to become smooth, therefore, can be used as 
an alte rnative to sevofiurane for induction in 
children. 
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• Stored in amber-colored bottles and contains 
thymol 0.01 % as preservative (to prevent 
decomposition by light). 
Non-inflammable, non-explosive. 
Boiling point 50°C. 
Halothane has highest fat/ blood coefficient 
[can get deposited in adipose tissue after 
prolonged exposure). 

• In the presence of moisture halothane can 
corrode metals of vaporizers (aluminum, brass 
and tin) and plastic. 
Halothane is significantly absorbed by rubber
tubing of circuits. 

Anesthet ic Properties 
It is potent anesthetic (MAC= 0.74) {in fact, 
most potent among the agents used nowadays} 
Blood gas coefficient: 2.4 makes it agent with 
slow induction and recovery time {slowest 
among the agents used nowadays} 
Not a good analgesic. 

Metabolism 
Halothane undergoes extensive metabolism 
(20%) by oxidation as well as reduction. Metabolic 
products are: 

Trifluoroacetic acid: It is the major metabolic 
product 
Chloride (Cl-). 
Bromide (Br-). 
Fluoride (F-) only under anaerobic conditions. 

Systemic Effects 
Cardiovascular system: 

Halothane causes significant decrease in 
cardiac output which is because of direct 
depression of myocardium and bradycardia 
(beta blocking action). 
Blunts the baroreceptor reflex. 
Blood pressure is decreased by direct action 
on smooth muscle of blood vessels as well as 
decreased central sympathetic tone. 
It sensitizes heart to adrenaline (exogenous 
to heart) producing ventricular arrhythmias 
therefore maximum permissible dose of 
adrenaline with halothane for local ischemia is 
1.5 µg/kg (otherwise 5 µm / kg is the maximum 
permissible dose) or not more than 30 mL/hr 
of I in 1,00,000 solution. For the same reason, 
it is contraindicated in pheochromocytoma. 

So, it can be concluded that halothane should 
not be used in cardiac patients. 

Respiratory system: 
Depresses respiration and blunts hypercarbic 
and hypoxic reflexes 
In spite of being a potent bronchodilator, it 
should be avoided in asthma patients as by 
sensitizing myocardium to catecholamines, 
it increases the possibility of arrhythmias in 
patients on B-agonist and aminophylline. 
(lnhalational agent of choice for asthmatics in 
present day practice is Sevoflurane). 

Central nervous system: There is marked increase 
in intracranial tension with halotbane. 

Renal: Both GFR and urinary flow is decreased 
because of decrease in cardiac output. 

Uterus: Like other inhalational agents in current 
day practice, it produces similar degree of uterine 
relaxation. 

Thermoregulation: Postoperative shivering 
(halothane shakes) and hypothermia is maximum 
with halothane as compared to other inhalational 
agents. 

Liver: Halotha.ne hepatitis, although rare (1 in 
35,000), but is clinically significant as it carries very 
high mortality (>70%). 

The most important risk /actor for halo thane 
hepatitis is multiple and .frequent exposures. Other 
risk factors are hypoxia, middle age, obesity, female 
gender and patients suffering from autoimmune 
diseases. 
• Pathologic lesion is centrilobular necrosis. 

Etiology of halo thane hepatitis: There are number 
of theories: 

Direct hepatocellular injury by metabolites. 
Reductive metabolites are more dangerous 
than oxidative. 
Decreased blood supply because of decreased 
cardiac output. 
Immunologic mechanism: This is the most 
acceptable theory because hepatit is is 
common after repeated exposures, seen more 
in patients with other coexisting autoimmune 
diseases and antibodies against liver cells can 
be detected in serum. Trilluoroacetic acid, 
which is the major metabolite of halothane, 
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by it antigenic nature produces antibodies 
media ting antigen-antibody injury to liver 
cells. 
Based on above observations guidelines for 

use ofhalothane are: 
Avoid repeated use, at least an interval of 
3 months is mandatory between two exposures. 
Avoid in patients with coexisting autoimmune 
diseases 

• As children are more immunocompetent inci-
dence of halothane hepatitis is significantly 
less therefore halothane can be used safely in 
children. 
Hypoxia is not permissible with halothane 
as hypoxia increases severi ty of hepatic 
damage. 
Sevojlurane is the inhalational agent of choice 
fora known case of halo thane hepatitis because 
sevonurane does not produce trifluroacetic 
ac id avoiding the possibility of hepati tis 
in such a patien t where antibodies against 
trifluroacetic acid are already present. 

Contraindications 
• History of previous halothane hepatitis. 

Patients with intracranial lesions and head 
injury. 

• Severe cardiac disease 
Pheochromocytoma (as it sensitizes myo-
cardium to adrenaline). 

Drug Interactions 
B-blockers and calcium-channel blockers can 
produce severe depression of cardiac function 
with halothane. 

• Aminophylline can produce serious ventri-

Anesthetic Properties 
It is the agent with moderate potency (MAC 1.15) 
and moderate induction and recovery time (B/ G 
coeffi cient 1.38), therefore inhalational agent of 
choice for experimental studies 

Systemic Effects 
Cardiovascular system: Hypotension is maximum 
with isoflurane ( It is the inhalational agen t of 
choice for controlled hypotension), however, a t 
the same time, min imally depress myocardium, 
does not cause bradycardia and baroreceptor 
reflex is preserved, therefore, cardiac output is 
best maintained among all inha /ational agents 
making Jsoflurane as inhalalional agent of choice 
for cardiac patients except for myocardial ischemia 
patients. In MI patients, it can cause coronary 
steal however, coronary steal is just a theoretical 
phenomenon and Isoflurane can be used in 
MI patients, if necessary. It does not sensitize 
myocardium to adrenaline. 

Cerebral: Decrease in cerebral metabolic rate, 
brain 's oxygen consumption and not very 
significant rise in ICT makes Isoflurane as 2nd best 
choice for neurosurgical procedures. 

Liver: lsonurane on metabolis m produces 
trifluroacetic acid, therefore theoretically can 
produce hepa ti tis, however, the amount of 
trifiuoroacetic produced is too minimal to initiate 
the production of antibodies. 

Lndications 
It is the agent of choice for cardiac patients. 

cular arrhythm ias with halothane. NEWER AGENTS 
All cytoch rome P450 enzyme inducers 
enhance its metabolism. DESFLURANE 

ISOFLURANE 
It is fluorinated methyled1yl ether. It is an isomer 
of enflurane. 

Physical Properties 
Pungent ethereal odor therefore induction is 
unpleasant. 
Vapor pressure is similar to halothane (240 
mm Hg). 

It is the isomer of lsoflurane (ch lorine a tom 
replaced by fluorine atom), means it is also an 
etheral product 

Physical Properties 
As it is an e thereal product therefore has 
pungent odor and unpleasant induction . 
Vapor pressure is very high (681 mm Hg) and 
boiling poin t is less than 23°C, therefore can 
boils at room temperature and that is why a 
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special vaporizer (TEC 6) which is temperature 
and pressure compensated is required for its 
delivery. 

Anesthetic Properties 
Because of the lowest blood gas coefficient 
(0.42) its induction and recovery is most rapid 
among the agents used nowadays. 

• Potency is low (MAC-6%). 
Unpleasant induction may manifes ts as 
coughing, breath-holding or laryngospasm. 
Produces maximum muscle relaxation among 
the agents used nowadays. 
Very low fat/gas coefficient therefore excellent 
for obese patients. 

Systemic Effects 
Cardiovascula r system: As it is an isomer of 
lsoflurane, therefore at concentrations less than 
I MAC ( <6%) its actions are similar to isoflurane 
with an added advantage that it does not causes 
coronary steal however, a t concentrations 
more than 1 MAC ( >6%) (particularly, if this 
concentration is achieved rapidly) it stimulate 
sympathetic system . 

Metabolism 
Undergoes minimal metabolism ( <0.02%), 
therefore does not produce any fluoride. 

Uses 
Because of minimal metabolism Desjlurane is 
the agent of choice for: 

Prolonged duration surgeries (no risk of 
accumulation of any metabol ites in spite 
of prolonged exposure) 
Old age patients who may have impaired 
hepatic or renal functions 
Renal diseases ( does not produce fluoride) 
Obese patients: Least fat/ gas coefficient 
and least metabolism (In obese patients, 
the metabolism of inhalationaJ agents 
may be increased by 30-40%) 
An excellent alternative to Sevoflurane 
for hepatic patients 

Because of fast recovery, it is inhalational agent 
of choice for day care surgery. 

• Because of stimulation or sympathetic system 
at cone. >6%, it is inhalational agent of choice 
for shock patients. 

SEVOFLURANE 
Physical Properties 
Sweet odor. 

Anesthetic Properties 
Faster (BIG coefficient 0.69), pleasant and smooth 
induction makes sevojlurane as an agent of choice 
for induction in children. 

Systemic Effects 
Cardiovascular system: Cardiac output is modera-
tely decreased. 

Respiration: Effects similar to other agents, i.e. 
depresses respiration and blunts ventilatory 
responses. 

Excellen t bronchodilatation makes Sevo-
flurane as the inhalational agent of choice for 
asthmatics in present day practice. 

Cerebral: 
Minimum increase in ICT, significant reduc-
tion in cerebral metabol ic rate and smoother 
recovery makes sevoflurane as an inlzalational 
agent of choice for neurosurgery in current day 
anesthetic practice. 

• Although incidence is very low but sevojlurane 
can produce convulsions (usually at higher 
concentrarions ). 

Hepatic: It decreases portal blood flow but at the 
same time, increases hepatic artery blood flow 
therefore hepatic blood flow is best rnaintained. 
Does not produce trifluoroacetic acid, therefore, 
cannot cause immunologic hepatitis. These 
properties make Sevojlurane as an inhalational 
agent of choice for hepatic patients. 

Renal: The clearance of Sevoflurane is so rapid 
that in spite of producing high fluoride nephro-
toxicity has not been reported, however, if the 
renal functions are compromised, it can cause 
nephrotoxicity making sevoflurane unsuitable for 
renal paricnLS. 

Disadvantages 
• With sodalime and Barylime (Barylime > 

Sodalime), it can produce an olefin called as 
compound A, which can cause nephrotoxicity. 
The methods to decrease the production of 
compound A are: 
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- Use fresh gas flow> 2 liters/ min. 
Use Amsorb or li th ium containing CO2 
absorbents 

Ether is the unique agent with certain advant-
ages and disadvantages. 

With desiccated sodalime, it produces Advantages of Ether 
hydrogen fluoride which can cause burns of • It is very cheap (almost 800- 1000 times cheaper 
respiratory tract. than sevoflurane and desflurane). 
Sevoflurane with Barylime can produce fire The only anesthetic till dale which can be 
and explosions in breathing circuits considered complete, i.e. has all three basic 
Although very rare but can cause Convulsions. properties of anesthesia, viz. narcos is, 
Produces high fluoride. analgesia and muscle relaxation. 

AGENTS NO MORE IN CLINICAL USE 

These agents are no more used in clinical 
practice therefore details are not required. Only 
the very important salient features need to be 
noted. 

ENFLURANE 
Has been recently obsoleted due to the following 
reasons: 

Highly epileptogenic 
Systemic side effects, i.e. decrease in cardiac 
output, respiratory depression and increase 
in intracranial pressure was significant 

• Due to slow excretion fluoride may accumulate 
in renal tubules to cause nephrotoxicity. 

ETHER 
First public demonstration of ether was given by 
WTG Morton on 16th October 1846 for the removal 
of jaw tumor. 

Safest inhalalional anesthetic: Does not 
produce any cardiac or respiratory depression, 
the only agent which preserves ciliary activity. 
Can be given by open drop method. 
High safety profile, all anesthetic properties, 
use without equipment (open drop method) 
and low cost make ether not only the agent 
of choice for remote locations (like wars and 
disasters) and with less experienced hands but 
also the agent which is most near to ideal. 

Disadvantages 
High inflammable and explosive: There have 
been death reports following burns by ether. 
Pungen t smelling therefore induction and 
recovery is very unpleasant. 
Can be easi ly decomposed by light and heat, 
therefore, stored in dark color bottles wrapped 
in black paper. 
By increasing tracheobronchial secretions it 
can induce laryngospasm. 
Very high incidence of nausea and vomiting, 
in postoperative period. 

• Table 10.4: Summary of anesthetic properties of inhalational agents 

Agent Induction Analgesio Muscle relaxation Amnesia 
Onset Smoothness 

Halothane Intermediate Very smooth +JO ++ +++ 
lsoflurane Intermediate Slightly irri table +JO ++ +++ 
Nitrous oxide Fast Not used for +++ +JO 

induction 
Xenon Fastest Not used for +++ +JO 

induction 
Sevoflurane Fast Very smooth +JO ++ +++ 
Desflurane Fast Slightly irritable +JO +++ +++ 
Ether Slow Highly irritable +++ +++ +++ 



• Table 10.5: Summary of systemic effects of inhalational agents 
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Heart rate Mean arterial CMO2 
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METHOXYFLURANE 
Overall most potent (MAC 0.16%) and slowest 
induction and recovery (blood gas coefficient 
15) 
Highly soluble in rubber lubing of closed 
circuit. 
Undergoes maximum metabolism yielding 
highest con centration of fluoride (F-) 
producing vasopressin-resistant high output 
(polyuric) renal failure. 

CYCLOPROPANE 
• Highly inflammable and explosive. 
• Used to be stored in orange color cylinders at a 

pressure of75 psi. 

KEY POINTS 

TRICHLOROETHYLENE (TRILENE) 
• Most potent analgesic among inhalational 

agents, therefore was popular in past for labor 
analgesia. 

• It can react with sodalime producing dichloro-
acetylene which is neurotoxic effecting cranial 
nerves (most commonly involved are V and 
VJ/) and phosgene gas which can cause ARDS. 

CHLOROFORM 
Number of cardiac arrest and death has been 
reported due to ventricular fibrillation. 

For su mmary of anes the tic properties 
and systemic effects see Tables 10.4 and 10.5 
respectively. 

• lnha1ational agents are mainly used in anesthesia for maintenance. 
• The major changed happened in mechanism of action of inhalational agents is shifting of mechanism from 

lipid sites to prote,n s,tes. 
• Best estimate for determining the potency ot inhalational agent is minimum alveolar concentration (MAC) 

Halothane is the most potent while nitrous oxide is the least potent among the agents used nowadays. 
• Blood gas partition coefficient indicates induction and recovery. Among the agents used nowadays induction 

is fastest with desflurane and slowest with Halothane. 
• Al nhalarional in current use decreases cardiac output and depresses resp,rat1on. 
• Halothane (and theoretically other agents too except lsoflurane) can sensitize myocardium to adrenaline, 

exogenous to heart. 
• Direct hepatocellular damage 1s seen with halothane (and theoretically with ,soflurane and Desflurane) but not 

with sevoflurane. 
• Inflammable agents used ,n past were Ether and Cyclopropane. 
• Sevoflurane can produce Compound A with sodalime and Barylime. 
• Desflurane (and other agents too) can produce Carbonmonoxide by reacting with desiccated sodalime and 

Bary1ime. 
• Sevoflurane by reacting with desiccated sodalime and barylime can cause burns of respiratory mucosa. 
• 3S times more solubility of nitrous oxide than nitrogen makes it absolutely contra,ndicated in pneumothorax, 

pneumopericardium, pneumoperitoneum and pneumoencephalus. 
• Nitrous oxide can deplete ozone layer and produce global warming. 
• lmmuno ogic mechanism ofhalothane hepatitis warrants to avoid frequent use of halothane at least an ,nterval 

of 3 months is mandatory between two exposures
• lsoflurane is the agent of choice for cardiac patients. 
• inthe cu·rent day practice Sevoflurane 1s preferred over lsoflurane for neurosurgery. 
• Desflurane is agent of choice for prolonged surgeries, old age, renal diseases, obesity, day care surgery and 

shock. 
• Sevoflurane is the agent of choice for induction in children. 
• Sevoflurane is the agent of choice for hepatic patients. 
• At higher concentrations, sevoflurane can produce convulsions. 
• Enflurane was highly epileptogen,c. 
• Ether is safest. cheapest and only complete anesthetic while on flip side it 1s highly nnammable and explos,ve 

and ,nduct,on and recovery are very unpleasant. 
• Methoxyflurane can produce vasopressin resistant polyuric renal failure. 
• lrielene by reacting with sodal,me can produce dichloroacetylene (craniotoxic) and phosgene (ARDS). 



CHAPTER 11 
Gases Used in Anesthesia 

OXYGEN 
It was first synthesized by Priestley. 

Preparation 
Medical oxygen is prepared by fractional distil-
lation of air. 

Oxygen concentrators: These are portable devices 
which can produce oxygen from ambient air by 
selective absorption of niu·ogen on zeolites. oxygen
concentrators are suitable for use in hospitals, 
home or at remote locations like Warfield. 

Storage 
Medical oxygen is stored in cylinders with 
black body and white shoulders al a pressure 
of2,000 psi {pounds per square inch). 
Also stored as liquid oxygen

Physical Properties 
• It is colorless, odorless. 

Specific gravity is ll05 (air: 1000). 
• Critical temperature is -ll9°C therefore liquid 

oxygen should be stored below-l 19°C (to keep 
any gas in liquefied state it has to kept below its 
critical temperature). 
It supports fire. 

Oxygen Delivery Devices 
Refer to Chapter 3, page no. 42. 

OXYGEN DEFICIENCY (HYPOXIA) 
Body Stores of Oxygen 
Theoretically it is 1,500 mL, bound to hemoglobin, 
dissolved fraction and in lungs as functional 

residual capaci ty (FRC). Among these only 
available oxygen is from lungs, i.e. FRC which 
practically is the only store in body which lasts 
only for 2- 3 minutes. 

Classification 
Hypoxic hypoxia: this is the most common type 
of hypoxia seen during anesthesia 

• Anemic hypoxia. 
• Stagnant hypoxia. 
• Histotoxic hypoxia. 

Causes of Hypoxia in Anesthesia 
For causes of hypoxia see Chapter 14, page no. 136. 

Systemic Effects of Hypoxia 
At oxygen saturation {SpO2) of >80% hypoxia 
stimulates sympathetic system causing 
tachycardia, hypertension and increased 
cardiac output to compensate. 
At SpO2 60-80% hypoxia causes vasodilatation 
which causes reflex tachycardia and cardiac 
output is maintained. 
At SpO2 <60%, hypoxia is direct cardiac 
depressant and can produce bradyarrhythmia 
or even cardiac arrest. 
The clinical presentation of hypoxia is cyanosis 

which is produced if reduced I lb level is more than 
5 g/ dL ( which roughly corresponds to 0 2 saturation 
<85% or pO2 < 50 mm Hg), methemoglobin 
>1.5 g/dl and Sulfhemoglobin >0.5 g/dl. 

Treatment of Hypoxia 
Oxygen therapy: Hypoxic hypoxia responds best 
to oxygen therapy while there is no benefit to 
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oxygen therapy in histotoxic hypoxia and right 
to left shunts. In anemic and stagnant hypoxia 
oxygen therapy does not increase the amount 
of oxygen carried by the hemoglobin but there 
occurs rise in dissolved fraction. 
If not treated by simple oxygen therapy patient 
may require mechanical ventilation 
Treat the cause. 

EXCESSIVE OXYGEN (OXYGEN TOXICITY) 
Systemic Effects of Excessive Oxygen 
Pulmonary Toxicity 
Prolonged h igh concentrations can cause 
pu lmonary toxicity. 100% oxygen is us ually 
considered safe up to 8- 12 hours in normal 
adults (in infants and neonates 100% oxygen 
for more than 2-3 hours can cause pulmonary 
toxicity). Pulmonary toxicity depends on alveolar 
concentration ( not on arterial concentration). 

Pathophysiology: Oxygen toxicity occurs because 
of toxic radicals of oxygen like s uperoxide and 
hydroxyl ions, singlet oxygen, hydrogen peroxide. 
These radicals damage the capillary membrane 
increasing capillary permeability and ARDS like 
picture. Abnormalityin ciliary transport, absorption 
atelectasis and tracheobronchitis are other features 
of oxygen toxicity. In neonates pulmonary toxicity 
manifests as bronchopulmonary dysplasia. 

Retrolental Fibroplasia 
This is dependent on arterial oxygen concentration. 
Premature neonates ( < 36 weeks) are at greatest 
risk. 

Cerebral Effects 
Acute oxygen toxicity may manifest as convulsions. 

HYPERBARIC OXYGEN 
It means delivering the oxygen above atmospheric 
pressure{>760rnmHg(or> I atrnosphere(atm.))}. 
It is delivered by special hyperbaric chambers 
which are very expensive. 

Uses 
Theoretically the re are many indications for 
h yperbaric oxygen therapy but practically its use 
is only restricted to decompression sickness and 
severe cases of carbon monoxide poisoning. 

Poisonings: 
Carbon monoxide poison ing (half-life of 
CO at 1 atm. is 214 minutes which can 
be reduced to 19 minutes at 2.5 atrn.). In 
current day practice its use is reserved 
only for severe cases, mild-to-moderate 
cases should be managed by 100% 
Normobaric oxygen. 

- Cyanide poisoning. 
Gas bubble diseases: 

Decompression sickness. 
Air embolism. 

lschemia: 
Crush injuries. 
lschemic ulcers. 
Radiation necrosis. 

Infections: 
Clostridial. 
Mucormycosis. 

- Refractory osteomyelitis. 
Others: 

Oxygen support during lung lavage. 
- Bums. 

Cerebral edema. 

Hyperbaric Oxygen toxicity
Pulmonary: ARDS. 
CNS: Seizures preceded by facial numbness, 
twitching, unpleasant olfactory or gustatory 
sensations. Convulsions occurring aft er 
hyperbaric oxygen therapy is called as Paul 
Bert effect. Paul Bert effect is usually seen if the 
pressure used is> 3 atm. 

• Eye: Myopia, nuclear cataract and retrolental 
fibroplasia (in neonates). 
Avascular necrosis of bone. 
Barotrauma. 

Safe Levels of Hyperbaric Oxygen and 
Therapy Schedule 
Toxicity depends on three factors: 
I. Pressure 
2. Time of exposure 
3. Oxygen concentration. 

Pulmonary effects can be seen at 2 arm. while 
CNS symptoms manifest above 2 atm. 

Hyperbaric chambers may use 100% oxygen or 
air 

Patients with chronic diseases are usually 
given 2 hours at 2 atm. once a day. 



Patients with decompression sickness are 
given 100% oxygen at 2.8 atm. followed by 1.9 
atm. interspersed by periods of 5-15 minutes 
of air breathing. 
Gas embolism patients can be given, air at 6 
atm. followed by 100% oxygen at 2.8 and 1.9 
atm. 
The exact safe levels of hyperbaric oxygen 

are not defined however not more than 2.8 atm. 
should be used with 100% oxygen in chamber and 
not more than 6 atm. with air (21 % 02 } in chamber. 
One therapy schedule at a time should be less than 
2 hours. 

NITROUS OXIDE, ENTONOX AND XENON 
Already described in Chapter JO. 

NITRIC OXIDE 
Nitric oxide is the major vasodilatory compound 
produced in pulmonary and systemic endothelium 
during the conversion of L-arginine to L-citrulline 
by nitric oxide synthase. It produces vasodilatation 
through cGMP. 

Because of this pulmonary vasodilatory 
property inhaled nitric oxide is used for diagnosis 
and treatment of primary pulmonary hypertension 
or secondary pulmonary hypertension associated 
with ARDS (also see Chapter 40, page no. 292). 

AIR 
Medical air is usually supplied through central 
supply at a pressure of 60 psi, however it is 
also available in grey cylinders with black and 
white shoulders at a pressure of 2,000 psi. 
It can be used as respired gas (as a replacement 
to nitrous oxide) or as a gas to drive pneumatic 
devices like ventilators. 

CHAPTER 11: Gases Used in Anesthesia • 

CARBON DIOXIDE 
In past CO2 (5%) was used to hasten recovery at the 
emergence, for glottis opening for blind intubation 
and for the treatment of postspinal headache 
however in current day practice it is not used in 
anesthesia. Currently, it is used only on surgical 
side for gas insufflation for laparoscopic surgeries 
and cryosurgeries. 

It is stored in grey color cylinders at a pressure 
of750 psi. 

HELIUM/HELIOX 
Helium, mixed with oxygen (79% helium + 21 % 
oxygen) is available as heliox. Ileliox is stored in 
black color cylinders (representing oxygen) with 
brown and white shoulders {brown representing 
helium, helium is stored in brown cylinders) at a 
pressure of2000 psi. 

The most important characteristic of helium 
is its low density (specific gravity of helium is 341 
while that of air is 1,000). 

High density of air causes flow to become 
turbulent in upper airways like trachea and 
main bronchi producing maximum resistance 
to airflow. If oxygen is mixed with helium 
(Heliox), the density of gas mixture decreases, 
decreasing the turbulence and hence resistance 
to airflow enabling the oxygen to pass even 
through narrow orifices. Therefore, heliox is 
used for: 

Upper airway obstruction due to any reason 
like tracheal or bronchia l stenosis or foreign 
body 
Microla ryngeal surgeries to decrease the 
resistance as small size endotracheal tubes are 
used. 



CHAPTER 12 
Intravenous Anesthetics 

CLASSIFICATION 
Barbiturates 

Thiopentone 
Methohexi tone 

Nonbarbiturates 
• Ketamine 
• Propofol 
• Etomidate 
• Opioids 
• Benzodiazepines 

Phenothiazines 

Intravenous anesthetics are used in anesthesia for: 
1. Induction: Most commonly used intravenous 

(IV) anesthetic for induction is propofol. 
Indications for induction with thiopentone 
in present day anesthesia are very limited. 
Ketamine is used only in specific situations. 
Since opioids and benzodiazepines are 
required in very high doses for induction 
therefore they are seldom used for this 
purpose. 

2. For analgesia (largely opioids). 
3. As a sole anesthetic agent forminorprocedures, 

e.g. ketamine or propofol + fentanyl. 
4. For amnesia (mainly benzodiazepines). 
5. To blunt cardiovascular response to intubation 

(opioids). 
6. For sedation (mainly benzodiazepines). 

BARBITURATES 

THIOPENTONE 
Thiopentone was the first intravenous anesthetic 
used in clinical practice by Water and Lundy 
in 1934. It is an ultra short-acting barbiturate. 
Chemically it is sodium ethyl thiobarbiturate. 

Physical and Chemical Properties 
Available as yellow amorphous powder as 
0.5 g and 1.0 g vial to which 20 mL of sterile 
water for injection is added yielding a 
concentration of 2.5% and 5% respectively 
(5% solution is further diluted to make it 2.5% 
solution). The solution is not stable and should 
be used within 48 hours (but can be used for 
1 week if refrigerated or till precipitate 
appears). It should not be prepared with ringer 
lactate otherwise it will get precipitated due to 
acidic pH of ringer lactate solution. 

• It is sulfur analog of pentobarbitone. Sulfur is 
added to increase the lipid solubility
The ultrashort duration of thiopentone is 
because of methyl group added to it. 

• It is available as sodium salt to make it water 
soluble but this increases the alkalin ity of 
solution. pH of sodium th iopenrone (2.5%) 
solution is 10.4 (highly alkaline). 

• 6% anhydrous sodium carbonate is added to 
powder to prevent the formation of free acid by 
carbon dioxide from atmosphere. 
It is prepared in the atmosphere of ni trogen. 

Anesthetic Properties and 
Pharmacokinetics 
Unconsciousness is produced in one arm brain 
circulation time, i.e. 15 seconds and induction 
is largely smooth (however sometimes may be 
associated with initial excitatory responses). 

The elimination half-life of thiopentone is 
10.4 hours but consciousness is regained after 
15- 20 minutes because of redistribution which 



means that drug is redistributed from brain to 
tissues with less vascularity like muscle or fat 
however repeated doses saturates these tissues 
and regaining of consciousness after repeated 
doses depends on metabolism and elimination. 

Ar induction it causes mild hypokalemia. 

Protein binding: ln blood 80-90% of thiopencone 
is bound to plasma proteins, mainly to albumin. 

Metabolism: Thiopentone is metabolized in liver 
and metabolic products a re e limina ted th rough 
kidneys. 

Mechanism of action: It inhibits the function of 
synapses. Thiopentone (and other barbiturates 
a lso) mediates their action through gamma-
aminobutyric acid (GABA) receptor (GA BA-A 
subtype) increasing the membrane conductance 
to ch loride ion causing hyperpolarization of 
membrane. At higher doses it a lso p roduces 
GABA-mimetic action. 

The second mechanism of action is the 
inhibition of the synaptic transmission of excita-
tory neurotransmitte rs like acetylcholine and 
glutamate. 

Systemic Effects 
Central nervous system 

Unconscious is produced in 1.5 seconds 
however the maximum depth is achieved in 
60 seconds. 
Sleep: It increases stage 2 and decreases stage 
3, 4 and rapid eye movement (REM) sleep. 
Cerebral oxygen cons umption (CMO2), 

cerebral metabolic rate (CMR) and intra-
cranial tension (!CT) are decreased. Therefore, 
Thiopentone can be utilized for cerebral 
protection in case of focal ischemia. It does nor 
offer any protection in global ischemia seen in 
cardiac arrest. 
Anticonvulsant action: Because of phenyl 
group, Thiopenrone is very potent anti-
corwulsant. In fac t, convulsions not respond-
ing to other anticonvulsanrs are controlled 
with thiopentone. 
Antanalgesic action: At subanesthetic doses it 
acts as antanalgesic. 
Acute tolerance: Tolerance is seen if initial 
dose is high . 
In low concentratio ns it is used for narco-
analysis 
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Cardiovascular system 
It causes hypotensionwhich is not only because 
of central mechanism but also because o f 
direct depression of vasomotor center. 
At high doses ir can cause direct myocardia l 
depression. 
Increase in heart rate ( 10- 30%) occurs as 
compensation ro hypotension. 

Respiratory system 
If a painful stimulus is given at inadequate 
depth, severe laryngospasm and broncho-
spasm may occur. 
Transient apnea is common after thiopenrone. 
Ir usually requires no treatment however if gets 
prolonged (> 25 seconds), gentle intermittent 
positive pressure ventila tion (f PPV) with bag 
and mask sho uld be given. 
At higher dosage thiopentone depresses 
respiration after brief recovery from transient 
apnea, therefore also termed as double apnea. 

Eye: Thiopentone decreases the intraocula r 
pressure. 

Pregnancy: Thiopentone crosses the placenta 
readily and the equilibrium with maternal 
circulation is achieved within 3-5 minutes. 

Thyroid: Thiopento ne has got anti-thyroid 
property. 

Dose and Recovery 
Dose of thiopentone is 5 mg/ kg body weight; 
Males requiring more than females, obese more 
than thin and young more than old. Although 
consciousness is regained after 15 minutes due 
to redistribution, the drug is e liminated after 
10-12 hours (t½ 10.4 hours) therefore patien ts 
should not be allowed to carry out important work 
like driving for next 24 hours. 

Complications 
General 

Respiratory depression. 
Cardiovascular depression. 
Laryngospasm and bronchospasm. 
Hiccups and coughing. 
Allergic manifestations which may vary from 
cutaneous rash, prurirus to severe anaphylax.is. 
Postoperative disorientation, vertigo, euphoria 
(delirium). 

l 
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Some patients compla in of onion or garlic 
taste. 

Local 
Thiopentone's high alkalinity is responsible for 
local complications. 
A. Perivenous (subcutaneous) and intramuscular 

injection: This is commonly seen if thiopentone 
is injected directly by hypodermic needle or 
scalp vein set. The high alka linity leads to tissue 
necrosis and ulceration. 

Treatment 
• Preventive 

- Always use 2.5% solution. 
- Inject slowly in incremental doses. 
- If patient complains of any pai n 

immediately stop further injection. 
• Curative: 10 m L of 1% lignocaine 

with 100 units of hyaluronidase to be 
injected in that area. 

B. Intra-arterial injection: This is a dreadful com-
plication which can lead to gangrene and loss 
of limb if not diagnosed and managed timely. 
This complication usually occurs if thiopentone 
is injected in antecubital vein because in 10% of 
the cases brachia! artery divides above elbow 
giving a very superficial abnormal ulnar artery 
which lies just deep to antecubital vein. 
Symptomatology: With injection patient 
complains of severe burning pain down the 
injection site which is fo llowed by pallor, 
cyanosis, edema and finally gangrene of limb. 
Pathophysiology: Because of its high alkalinity 
the thiopentone gets precipitated in acidic 
pH of blood forming crystals which can 
cause endothelial damage precip itating 
vasospasm and thrombus formation blocking 
microcirculation. Both these processes can 
lead to ischemia and gangrene of Limb. 

Management 
• Preventive: 

Always use 2.5% solution. 
Inject very slowly and in incre-
mental doses. 
Avoid thiopencone injection a t 
antecubital fossa (best site to inject 
thiopentone is dorsum of hand). 

• Curative: 
- Leave the needle at site: All thera-

peutic injections are to be given 
through this needle. 

- Start dilution with normal saline 
- Inject hepar in to prevent the 

thrombus formation. 
- Inject local vasodilators like 

papaverine, alpha blockers or l % 
lignocaine. 

- Stellate ganglion block- w ill 
relieve the vasospasm by blocking 
sympathetic supply of limb. 

- Contin ue oral anticoagulants for 
1- 2 weeks. 

- Defer the elective surgery. 
C. 1hrombophlebitis: Due to chemical irritation 

produced by alkaline solution. 
D. Injury to median nerve: If the solution is 

directly injected into nerve. 

Contraindications 
Absolute: 

Porphyria: Thiopentone induces enzyme 
aminolevulinic acid synthe tase which 
stimulates the formation of porphyrin in 
susceptible individuals. Therefore, absolutely 
contraindicated in acute intermittent and 
variegate porphyria (can be used safe ly in 
porphyria cutanea tarda). 
History of previous anaphylaxis to thiopentone. 

Relative: 
• As thiopentone decreases the cardiac output 

therefore should be avoided in shock, 
hypocension, fi xed cardiac output lesions, 
heart blocks or patient on blockers. 
Asthmatics: Thiopentone can p recipitate 
bronchospasm. 
Familial hypokalemic periodic paralysis: It can 
cause severe hypokalemia in these cases. 
Hepatic disease: Only severe hepatic involve-
ment contraindicates its use. 
Renal disease: Doses should be reduced. 

METHOHEXITONE 
The most striking difference between metho-
hexitone and Thiopentone is that metho-
hexitone is epileptogenic while thiopentone is 
anticonvulsant making it as an agent of choice 
for electroconvulsive therapy (£CT). 
Histamine release is less as compared to 
Thiopentone therefore preferred barbiturate 
for asthma patients. 
Half-life is short (3-4 hours) 



NON BARBITURATES 

PROPOFOL 
Long half-life and delayed recovery is the main 
reason for which thiopentone has been a lmost 
completely replaced by propofol. 

Physical and Chemical Properties 
It consists of a phenol ring with isopropyl 
group attached deriving it chemical name as 
2,6 di-isopropylphenol. 
Propofol is available as I% and 2% milky white 
solution prepared in soyabean oil making 
the injection painful. Therefore injection of 
propofol should be preceded or mixed with 
lignocaine. Fospropofol is a wa ter-based 
preparation but not widely available. 
Propofol contains egg lecithin and glycerol. 
As egg is a good media for bacterial growth, 
chances of contamination of opened vial are 
very high. In fact, there have been death reports 
fo llowing the use of contaminated solution of 
propofol. Although the recent formulations 
of propofol contain s antimicrobial agents like 
disodium edetate or sodium metabisulfite but 
they also does not guarantee immunity against 
conramination therefore after opening it is 
mandatory to discard the Propofol vial within 
6 hours. 

Mechanism of action: It not only act through 
GABA-A but also inhibit glycine receptors. 

Pharmacokinetics: 
Induction is achieved in one arm brain circulation 
time, i.e. 15 seconds. Consciousness is regained 
after 2-8 minutes due to rapid redistribution. 
Elimination half-life is 2-4 hours; recovery is 
rapid and associated with less hangover than 
thiopentone. 

Dose: 2 mg/kg. 

M etabolism 
Mainly metabolized in liver but s ignificant 
(30%) extrahepatic metabolism also occurs in 
kidneys. A part of Propofol is also me tabolized 
in lungs. Clearance rate is 10 times more 
rapid than thiopentone therefore recovery is 
rapid. All metabolic products of propofol are 
inactive. 
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Systemic Effects 
Cardiovascular system: Hypotension produced 
is significant and it also impairs barorecep tor 
response to hypotension. 

Respiratory system: 
Incidence of apnea is higher (25-30%) than 
thiopentone. Respiratory depression is more 
severe and prolonged than thiopentone. 
Propofol induces bronchodilatation is COPD 
patients. 
Depression of upper airway reflexes is more 
than thiopentone and therefore it is preferred 
for surgeries done under laryngeal mask 
airway without muscle relaxants. 

Cerebral: Like thiopentone it also decreases the 
metabolic rate of brain and intracranial tension 
however neuroapoptosis seen in animal models 
precludes its use for cerebral protection . It is 
reliable amnestic. 

Propofol possess anticonvulsant property and 
has even been used to treat convulsions. However 
on the other hand there had been few case reports 
of grand mal epilepsy being reported with propofol. 

Eye: Reduces intraocular pressure significantly 
(30-40%) 

GJT: By decreas ing the central seroronin release 
propofol acts as a potent antiemetic agent (even 
more effective than ondansetron for postoperative 
nausea and vomiting) 

Immunologic: It is anlipruritic (can be used for 
the treatment of cholestatic pruritus). 

It has no antanalgesic property. 
• It is not a muscle relaxant. 

Uses 
l. Because of its shorter half life it is the agent of 

choice for induction. 
2. Because of its early and smooth recovery, 

inactive metabolites and antiemetic effects it 
is the rv agent of choice for day care surgery. 

3. Along with opioids (Remifemanil) propofol 
is the agent of choice for total intravenous 
anesthesia (TIVA). 

4. Propofol infu sion can be used to produce 
sedation in rcu. 

5. Tt is the agent of choice for induction in suscep-
tible individuals for malignant hyperthermia. 
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Advantages of Propofol overThiopentone 
• Rapid and smooth recovery. 

Completely eliminated from body in 4 hours 
therefore patient is ambulatory early. 
Antiemetic. 
Antipruritic. 
Bronchodilator. 

Disadvantages 
Apnea is more profound and longer. 

• Hypotension is more severe. 
Injection is painful. 
Solu tion is less stable (6 hours). 
Ch ances of sepsis with contaminated solution 
are h igh. 
Myoclonic activity may occur. 
Sexual fantasies and hallucinations are 
additional side effects. 
Expensive than thiopentone. 
Because of maximum inhibition of airway 
reflexes th ere a re increased chan ces of 
aspiration in high risk cases. 
As propofol increases the dopamine con-
centration in brain its addiction has been 
reported. 
Propofol infusion syndrome: It is ra re but is 
a lethal com plication. It is usually seen if 
propofol infusion is continued for more than 
48 h ours. It is more common in children. It 
occurs because of the fa ilure of free fatty acid 
meta bolism caused by propofol. It is associated 
with severe metabolic acidosis (lactic acidosis) 
acute cardiac failure, ca rdiomyopathy, 
skeletal myop athy, hyperkalemia, lipemia and 
hepatomegaly. 

Contraindications 
Obstetrics: Contrary to th e previous recom-
mendations of not using propofol in pregnant 
patients newer studies have shown that at the 
doses used for induction Propofol does not 
affect the APGAR therefore can be saf ely used 
in pregnancy. 
Lactation: The amount secreted in breast milk 
is too low that Propofol can be safely used 
during breastfeedin g. 
Children less than 3 years: Contrary to the 
previous recommen dation s of not us ing 
propofolin children less than 3 years, in current 
day practice it can be safely used in chi ldren 

of any age. However, because of increased 
possibility of propofol infusion syndrome in 
children it not recommended for long-term 
infusion in children less than 16 years. 
Patient with egg allergy: Since egg allergy is 
almos t always from egg whi te (a lbumin) not 
from lecithin (which is prepared from yoke), 
history of egg allergy is 11ot a contraindication 
for propofol. However, it is advisable to not use 
propofol in patients with h istory of anaphylaxis 
to egg. 
Patients with soy allergy: Like egg allergy 
patients with soy allergy can safely receive 
propofol. 

ETOMIDATE 
Chemically it is an imidazole derivative. 
It also acts through GABA. 

Advantages 
It is most cardiovascular stable among a ll IV 
agents. 
Minimal respiratory depression . 
N o histamine release. 
It decreases the ICT by almost 50% in patients 
who have elevated ICT therefore can be used 
to reduce ICT. 

Side Effects (Disadvantages) 
Adrenocortical suppression on long-term 
infusion. Single use only causes temporary 
ad renocortical suppression which recovers 
with vitamin C supplementation. 
Nausea and vomiting: Incidence is 40% which 
is highest among all intravenous anesthetics. 
High incidence of myoclonus (30-60%). 
Injection is painful. 
High incidence of thrombophlebitis. 
ll can cause vitamin C deficiency. 
Hiccups a re common. 
May cause inhibition of p latelet function. 
No analgesia. 
It is only porphyrinogenic in rats not in humans 
therefore can be saf ely used in porphyrias in 
human beings. 

Uses 
Etomidate is the intravenous anesthetic of choice 
for aneurysm surgery and patients with cardiac 
disease. 



BENZODIAZEPINES 
Benzodiazepines (BZs) are used in anesthesia 
for: 
l . Premedication: To reduce anxiety. 
2. Amnesia: Amnesia produced by BZs is 

anterograde. 
3. As a sole agent to non-painful procedures 

like bronchoscopy, gastroscopy under local 
analgesia (BZs elevates the seizure threshold 
of local anesthetics). 

4. As induction agent: Rarely used. 
5. To prevent hallucinations by ketamine. 
6. To control convulsions. 

Pharmacokinetics 
See Table 12.1. 

Mechanism of Action 
Benzodiazepines media tes their action through 
GABA receptor (GABA-A subtype) increasing 
the membrane conductance to chloride ion 
causing hyperpolarization of membrane (GABA 
facilitatory). 

Systemic Effects 
CNS: Mainly acts 011 reticular activating system 
(RAS) and amygdala (limbic system) producing 
sedation, anxiolysis and amnesia. They also act 
on medulla producing muscle relaxation and on 
cerebellum producing a taxia. 
• BZ's are anticonvulsants. 

They are not analgesics. 
Produce muscle relaxation by acting at 
medullary and spinal cord level (central 
action). 
Reduces cerebral metabolic rate, brain oxygen 
consumption and intracranial pressure. 
Initial regain of consciousness seen after 
10- 15 minutes is due to redistribution. 

Effects on sleep: Increases stage 2, decreases 
stage 3, 4 and REM sleep duration but effects 
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on REM are less marked than barbiturates. 
Nitrazepam even prolongs REM. AL higher dose 
BZs can produce loss of consciousness. 

Respiratory system: At higher dose BZs cause 
respi ratory depression which can be significant 
in old age and children. Very high dose can cause 
death due to respiratory depression. 

Cardiovascular system: Minimal reduction in 
blood pressure, heart rate and cardiac output. 

Metabolism 
The BZs are metabolized in Liver. The major active 
metabolite of diazepam is desmethyl diazepam. 
Metabolites are excreted in gut and urine. There is 
significant enrerohepatic circulation. 

Diazepam and lorazepam: Hardly used in 
intraoperative pe riod because of the following 
reasons: 

Preparation is oil based therefore injection is 
painful. 
Sleep is not smooth (incidence of dysphoria is 
highest with diazepam). 
Elimination halI-lives are prolonged therefore 
chances of postoperative respiratory depres-
sion are there. 

Midazolam: It is 3 times more potent than 
diazepam. In current day p ractice Midawlam is 
the only BZ used in intraoperative period. 

The advantages over diazepam and lorazepam are: 
Water based preparati on so injection is 
painless. 
Elimination half-life is 2-3 hours avoiding the 
risk of respira tory depression in postoperative 
period. 
Because of shorter half-life midazolam can be 
safely used for day care procedures. 

• Reversa l wi th flumazenil is complete (no 
re-sedation). 

• Table 12.1: Pharmacokinetics of commonly used benzod iazepines 

Dlazepam Mldazolam loraze m 
Route of administration Oral, IM, IV Oral, IM, IV, rectal, nasal Oral, IM,IV 
Preparation (intravenous) Oil based, injection is Water base, painless Oil based, injection is 

painful injection painful 

Elimination half-life 30-60 hours 2-3 hours 15 hours 
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Since midazolam can be given through oral, 
buccal, rectal and intranasal route (nasal spray) 
it can be utilized in pediatric population. 

Benzodiazepine Antagonist (Flumazenil): It is a 
competitive antagonist at BZ receptors. 

It antagonizes hypnosis, respiratory depression 
and sedation but amnesia is m inimally reversed 
(particularly at low doses of flumazenil) . 

The disadvantage of flumazen il is i ts short 
half-life (1 -2 hours) therefore there are chan ces of 
re-sedation with long actin g agents like diazepam 
and lorazepam. 

KETAMINE 
Ketamine produces dissociative anesthesia. 

It was synthesized by Stevens in 1962 and first 
used in humans by Domino and Corsen in 1965. 

Physical and Chemical Properties 
It is phencyclidine derivative. Available as solution 
of 10 mg/ mL and 50 mg/ mL. Contains preservative 
benzethonium chloride. 

Anesthetic Properties and 
Pharmacokinetics 

Onset of action in 30-60 seconds. 
Early regain of consciousness after 15-20 
minutes is because of redis tribution. 
Elimination half-life is 2-3 hours. 
Metabolized in liver to form norketamine and 
hydroxynorketamine wh ich are one-third as 
potent as ketamine. Products are excreted in 
urin e. 

Site of Action 
Primary site of action is thalamo-neocortical 
projection. 

Ketamine inhibits cortex (unconsciousness) 
and thalamus (analgesia) and stimulates limbic 
system (emergence reaction and hallucination s). 
It also acts on medullary reticular formation and 
spinal cord. 

Mechanism of action: The m ain mechanism by 
whic h ketamine exerts it effect is by inhibiting N 
m ethyl D aspartate (NMDA) receptors. Interaction 
th rough opioid (µ) receptors has also been 
postulated . 

Systemic Effects 
It produces dissociative anesthesia, a state which 
dissociates the individual fro m surroun dings 
and him self, i. e. in dividua l is in cataleptic 
state. 

Central nervous system 
Increases brain oxygen consumption, meta-
bolic rate and intracranial tension. However, 
on the other hand as a NMDA antagonist it 
offers neuroprotection. The re fore, it can be 
used safely in h ead injury patients who are 
mecha nically ventilated ( in m echa nica lly 
ventila ted patie nts hyperven tilation can be 
insti tuted to n egate the rise in ICT produ ced 
by ketamine). 
Very potent analgesic 
Emergence reactions: Th ese are seen at 
em ergence. The inciden ce is 10-30%; less 
incide nce in children and o ld age. Emergence 
reac tions include vivid dreaming, illusion s, 
extracorporeal experien ces like floa ting out 
of body, excitement, confusion , e up ho ria, 
fear. 
Hallucinations: It produces both auditory 
an d visual h allucinations (main ly auditory). 
Incidence is 30-40%. Hallucination is the most
common side effect of ketamine. 

Hallucinations a nd em ergence reactions 
can be decreased by giving benzodiazepines 
along with keta mine. Opioids, barbitura tes, 
propofol and inhalational agents also decrease 
the incidence of emergen ce reactions a nd 
hallucin ations. 

Cardiovascular system 
Ketamine s timulates sym path e tic system 
causing tachycardia a n d hypertension 
there fore is the intravenous anesthetic of choice 
for shock. Howeve r in debilitated patients in 
wh om catecho la mines have been depleted, 
ke tamine can ca use direc t myocard ial 
d epression . Be nzodiazepines atte nua te 
this h emodynamic response (tachycardia, 
hypertension and increased oxygen demand 
of myoca rdium) of ketamine. 
Ketamine not only inc reases th e system ic 
vascular resistance (SVR) but also increases 
pulmonary artery pressure. 



Respiratory system 
At clinically used doses it maintains respira-
tion however can cause respiratory depression 
at higher doses especially in children. 

• It is such a potent bronchodilator that it can be 
used in the treatment of refractory status asth-
maticus unresponsive to conventional therapy. 
Pharyngeal and laryngeal reflexes are pre-
served (but silent aspiration can still occur). 

• Tracheobronchia/ and salivary secretions are 
increased producing laryngospasm. Therefore, 
use of atropine/ glycopyrrolate is necessary 
with ketamine. 

Eye: Increases intraocular tension. Pupils dilate 
moderately and there occurs nystagmus. 

Gastrointestinal tract (GIT): Increases intragastric 
pressure. Salivary secretions are increased. 

Muscular system: Increases muscle tone. 
Patient shows non-purposeful movements but 
interestingly a contradictory effect of ketamine is 
potentiation of effects of nondepolarizing muscle 
relaxants by unknown mechanism. 

Dose 
It can be given lV, IM, oral, nasal, per rectal and 
intrathecally. Dose is: 

Intravenous: 2 mg/kg. 
Intramuscular: 5- 10 mg/ kg. 

Advantages and Uses in Anesthesia 
Induction agent of choice for: 
- Asthmatics: Ketamine, in spite of potent 

bronchodilator is generally avoided 
due to its side effects (especially vivid 
reactions) and propensity to increase 
tracheobronchial secretions. The use 
of ketamine in present day practice is 
restricted to patients in active asthma 
( wheezing) undergoing life- threatening 
emergency surgeries 

- Shock (because it stimula tes sympathetic 
system) 

- Alternative method to inhalational induc-
tion in children through intramuscular 
route. 
Low cardiac output states like constric-
tive pericarditis or card iac tamponade 
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(because it increases cardiac output by 
stimulating sympathetic system). 
Right to left shunt like tetralogy of Fallot 
(ke tamine by caus ing hypertension 
increases the afterload thereby decreasing 
the right to left shunt fraction). 
Can be used as sole agent for mino r 
procedures (like incision and drainage), 
burn dressings. 
Can be safely used at remote places and in 
inexperienced hands because it does not 
depress respiration and heart. 
Preferred agent for patients wi th full 
stomach (pharyngeal and laryngea l 
reflexes are preserved). 
Poor risk patients (ASA IV) (because of 
safety). 
Depressed patients: They h ave bette r 
recovery after ketamine. 

Consid e ring the anesthetic properties 
Ketamine can be considered as complete IV 
anesthetic. 

Disadvantages 
Vivid reactions in the form of hallucinations, 
vivid dreaming and emergence reactions are 
the major impedance to the widespread use 
of ketamine. Patients given ketamine can 
be found shouting, weeping, singing or even 
abusing badly in postoperative rooms. 

• Increases muscle tone. 
Pharyngeal and respiratory secretions are 
increased which can cause laryngospasm. 
Increases myocardial oxygen demand. 
All pressures like intraocular, intragastric, 
intracranial are markedly raised. 

Contraindications 
Head injury, as it increases intracranial tension 
(can be used in mechanically-ventilated 
patients) 
Ocular surgeries and glaucoma (it increases 
intraocular pressure). 
lschemic heart disease (it increases myo-
cardial oxygen demand). 
Vascular aneurysm (it causes hypertension). 
Patients with psychiatric diseases and drug 
addicts (higher incidence of hallucination s 
and emergence reactions). 
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Hypertensives. 
Hyperthyroidism 
Pheochromocytoma. 

5-enantiomer of Ketamine 
It is considered superior to conventional ketamine 
(which is a mixture of Sand R isomers) because 
it has lesser side effects, rapid recovery and better 
antiapoptotic effect. It is not available in India. 

OPIOIDS 
Uses in Anesthesia 

Mainly used for analgesia in intraoperative 
and postoperative period. 

• Blunting reflex response to intubation. 
Producing sedation in ICU. 
Treatment of pulmonary edema (morphine is 
agent of choice). 
To abolish shivering (pethidine and rramadol). 

Opioid Receptors 
Opioids act through specific receptors which have 
been classified into 4 types: µ (mu), K (kappa), delta
(Delta) and nociceptin (Sigma and Epsilon are 
no more believed to be in existence in humans). 
Although opioid receptors are mainly present 
in brain (where they are called as supraspinal 
receptors) and spinal cord (substantia gelatinosa 
of dorsal horn cells) however their presence a t 
extra C S sites like GIT is well documented. 
• µ (mu) Receptors:These are the most important 

receptors for the action of opioids. These are 
further divided into µ1 and µ2. 
µ,: Media tes analgesia (mainly supraspinal 
but spinal also), sedation, bradycardia, miosis, 
urinary retention , prolactin and growth 
hormone release and muscle rigidity. 
µ 2: Mediates respiratory depression, constipa-
tion and physical dependence. 

• K (kappa) Receptors: Mediates analgesia 
(mainly spinal but supraspi na l a lso), 
sedation, constipation , psychotomimesis 
(ha llucinations), dependence and diu res is 
(contrary toµ which causes urinary retention) 
8 (Delta) Receptors: Mediates analgesia 
(mainly spinal but supraspinal also). 
Nociceptin (also called as orphanin FQ}: 
Endogenous opioids mediate their action 
through nociceptin. 

Classification 
A. On the basis of source of synthesis 

Naturally occurring: 
Morphine 
Codeine 

- Thebaine 
Semisynthetic: 

Heroin 
Dihydr omorphone 
Oxymorphone 

- Pentamorphone 
Synthetic: 

Burorphanol 
Levorphanol 
Pentazocine 
Pethidine 
Fentanyl, Alfentanil, Sufentanil, Remi-
fentanil 
Tramadol 
Buprenorphine 

B. On the basis of receptor interaction 
Pure agonist: 

Morphine 
Fentanyl 

- Alfentanil 
- Sufentanil 

Remifentanil 
Pethidine 

Agonist-antagonist (Mixed opioid}: 
Pentazocine 

- Nalbuphine 
Nalorphine 
Butorphanol 
Levallorphan 
Dezocine 

- Meptazinol 
- Buprenorphine 

Pure antagonist: 
Naloxone 
Naltrexone 
Nalmefene 
Methylnaltrexone (peripheral antagonist) 
AJvimopan (peripheral an tagonist) 

Opioids and Receptor Interaction 
Pure agonists are agonist at a ll receptors with 
highest propensity for mu receptors. 
Up to a ce rta in d ose (like 60 mg for 
pentazocine and 1.2 mg for buprenorphine) 



Agonist-antagonist are agonise at K, µ (partial or 
full) and 6 and thereafter becomes antagonist 
at mu (µ) receptors. 

As they exhibit agonistic action only up to 
a certain dose, the analgesia and respiratory 
depression achieve plateau after this dose, 
this effect is called as ceiling effect. Ceiling 
effect is the most important characteristic of • 
agonist-antagonists. As the mixed opioids are 
antagonist at mu receptors in high doses, they 
can be used to reverse pure antagonist at high 
doses. • 
Pure antagonist are antagonist at all receptors 
with highest propensity for mu receptors. 
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Respiratory depression is the most common 
cause of death in morphine poisoning. 
Children and old age patients are more prone 
for respiratory depression. 
Opioids inhibit the venrilacory response to 
hypoxia and hypercarbia. 
Morphine can inhibit ciliary activity. 
Opioids inhibit airway and tracheal reflex 
(maximum with sufentanil) and therefore used 
to attenuate the reflex response to intubation 
and to treat cough (codeine). 
Bronchi: Directly acting on bronchial muscles 
opioids a re bronchodilacors (particularly 
fentanyl) however can cause bronchocon-
striction by releasing histamine. 

Mechanism of Action of Opioids 
Supraspinal: Opioids bind with receptors 
in rostroventral region of medulla and cause 
stimulation of off cells present there, the reby 
blocking nociceptive stimuli transmission. 

Delayed and recurring respiratory depression: 

At spinal level they act with their receptors 
present in substantia gelatinosa of dorsal horn cells 
and inhibit the release of excitatory transmitters. 

At cellular level opioids bind to receptors to 
stimulate G protein synthesis and cAMP which 
causes t K+ producing hyperpolarization of 
membrane and .J, Ca2

• decreasing excitability. 
At high concentrations they can directly inhibit 

NM DA receptors. 

Systemic Effects (Morphine as Prototype) 
Cardiovascular system 

Hypotension: Hypotension occurs because of 
decreased central sympathetic tone and direct 
vasodilatation. 
Bradycardia (except pethidine and penta-
zocine which causes tachycardia). 
Shifting of blood from pulmonary to systemic 
circulation; it is for this property morphine is 
used in the treatment of left ventricular failure. 
Meperidine can directly depress myocardial 
contractility. 
The oculocardiac reflex, which is caused by 
traction on the extraocular muscles during 
squint surgery, is augmented by newer opioids, 
particularly with alfentanil. 

Respiratory system 
Opioids inhibit the respiration; both volume 
a nd rate are decreased (Rate > volume). 

Delayed (late) and recurring respiratory depression 
is exhibited by all pure agonists. The reasons are: 

Sequestration by stomach and reabsorp tion 
in blood (particularly seen with fentanyl) pro-
duces second phase to respiratory depression 
and that is why this recurrence of respiratory 
depression is also termed as Biphasic 
respiratory depression. 
Opioids get deposited in skele tal muscle and 
later get released into circulation on muscular 
activity like rewarming, motion and shivering. 

Central nervous system 
Analgesia: Produced at supraspinal as well 
as spinal level. Visceral pain is relieved better 
than somatic pain. 
Sedation: Sedation at lower dose can progress 
co deep coma at high dosage. 
Cerebral metabolic rate {CMR), cerebral 0 2 
consumption, intracranial pressure (JCP) and 
cerebral blood flow (CBF). Generally opioids 
decrease CMR, CBF and ICP in a resting brain 
however they may increase CBF and JCT in 
head injury and intracranial space occupying 
lesions (ICSOL). 
EEG: Opioids in increased doses produce high 
voltage slow waves (Delta) on EEG but cannot 
cause flattening of EEG as there occur ceiling 
effect. 
Stimulation of chemoreceptor trigger zone 
(CTZ) causes nausea and vomiting (at very 
high dose they inhibit vomiting by inhibiting 
vomiting center). 
Mood changes, mental clouding. 
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Inhibits temperature regulating centers 
causing hypothermia. 
Convulsions: Morphine, pethidine and remi-
fentanil can cause general tonic clonic sei-
zures while with other agents there may occur 
focal seizures. 

Muscular system 
Opioids can cause muscle rigidity w hich 
sometimes becomes so severe in thoracic muscles 
that it causes hypoxia. This is called as Wooden 
chest syndrome or stiff chest syndrome. Muscle 
rigidity is most commonly seen with alfentanil. The 
treatment of muscle rigidity includes naloxone, 
benzodiazepines (for mild cases only) and muscle 
relaxants and elective ventila tion (for severe 
cases). 

Endocrine system 
Stress hormones like adrenocorticotrophic 
hormone (ACTH), fo ll icle-stimulating hormone 
(FSl !), LH and cortisol synthesis is decreased 
by o pioids while the synthesis of antid iure tic 
hormone (ADH), growth hormone (GH) and 
prolactin is increased. 

Stress response: Opioids are not only capable of 
reducing the stress by moduJating nociception but 
endogenous opioid (B endorphins) themselves 
can serve as stress reliving hormones. 

Gastrointestinal tract (GIT): Opioids inhibit the 
gut motility and decrease the gastric emptying 
causing constipation {Opioid bowel syndrome) 
Biliary tract: Causes constriction of sphincte r of 
Oddi increasing biliary duct pressure, however 
the strict guidelines of not using opioids for biliary 
colic have been questioned in current day clinical 
practice. 

Eye: Opioids causes miosis and decreases intra-
ocular tension. 
Renal: Relaxes urinary bladder causing urinary 
retention. 
fmmunosuppression: lmmunosuppressive effects 
of morphine have been documented in studies. 

Dependence: It is both physical and psychological. 

Tolerance: Tolerance has been seen to all actions 
of opioids except constipation and miosis and 
tolerance is main ly pharmacodynamic. The 
chronic use of opioids not only produces tolerance 
to pain but can produce hyperalgesia. 

Pharmacokinet ics of Morphine 
Early wakefulness (15-20 minutes) is because of 
redistri bution while elimination half life is 2-4 
hou rs. Metabolism is mainly in liver {elimination 
halflife in neonates is 10 hours). 

Metabolites, morphine-3-glucuronide and 
6-glucuronide are active and can produce narcosis 
and respiratory depression for several days in renal 
failure. 

Morphine can be given byIV, IM, subcutaneous, 
oral , rec tal, transcutaneous, intrathecal and 
epidural routes. 

Dose: 0.1-0.2 mg/kg. 

Opioid Agonists 
Pethidine (also called as Meperidine) 

Chemically it is an atropine congener therefore 
has additional side effect like atropine, i.e. 
blurred vision, dry mouth and tachycardia. 

• It is one ten th as potent as morph ine. 
Action on smooth muscle is less marked than 
morphine therefore miosis, urinary retention 
and constipation are less and that is why 
Pethidine can be used in biliary colic. 
Pe thidine is directly acting myocardial 
depressant. 
Pethidine abolishes shivering therefore is the 
drug of choice for shivering. 
Pe thidine has also got local a na lgesic 
properties. 

Contraindications 
Pethidine is absolutely contraindicated in 
patients on monoamine oxidase inhibitors 
(MA O) therapy. Patient on MAO inhibitors 
undergo abnormal metabolism of Pethidine 
to produce Nor-Pethidine which can cause 
restlessness, hypertension, convulsion, coma 
or even death. 
Pethidine should not be given to pat ients 
with myocardia l ischemia because it not 
only depresses myocardium bur by causing 
tachycardia a lso increases the myocardial 
oxygen demand. 

Piritramide 
It is a synthetic opioid structurally simila r 
to Pethidine. Tt does not causes nausea and 
vomiting. 



Newer Opioids 
Fentanyl 

Fentanyl is the most common used opioid in 
anesthesia. 
Fentanyl along with bupivacaine or ropiva-
caine is used as continuous infusion for pain-
less labor and postoperative analgesia. 
It is 100 times more potent than morphine. 

The advantages offentanyl are: 
Due to high lipid solubility it has rapid onset 
(2 to 5 min.) and rapid recovery ( 1-2 hours). 

• ft can be given by IM, IV, transmucosal, (fentanyl 
lollipop), transdermal, (fentanyl patch), intra-
thecal and epidural route. Fentanyl patch 
provides analgesia for 72 hours. 
It is most cardiac stabile opioid. 

Alfentanil 
Alfentanil is analog of fentanyl, l /5 th as potent 
as fentanyl. Onset (1.4 minutes) and recovery is 
more rapid as compared to fentanyl. Alfentanil 
is less preferred because of higher incidence of 
muscle rigidity. 

Sufentanil 
Sufentanil is the most potent human opioid 
(500 times of morphine) available in clinical 
practice. 
As sufentanil maximally inhibit airway reflexes 
it is the agent of choice for inhibiting stress 
response to laryngoscopy and intubation. 

Remifentanil 
It is ultrashort acting opioid metabolized rapidly 
by esterases in red cells and tissues. 

Onset is fastest (1.1 minutes) and recovery is 
also most rapid among opioids (5-1 O minutes) 
making Remifentanil as an opioid of choice for 
day care surgery. 

Disadvantages of remifentanil are: 
Contains glycine which can cause motor 
weakness making it unsuitable for post-
operative analgesia and painless labor. 
Significant hypotension. 

Tramadol 
It is a synthetic derivative of codeine. 
It nor on ly produces analgesia through 
opioid receptors but also activates spinal 
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inhibition of pain by decreasing the reuptake 
of norepinephrine and serotonin. The 
increase in serotonin levels makes tramadol 
useful for management of chronic pain 
conditions (chronic pain is often associated 
with depression) however in acute pain this 
increase in serotonin produces additional 
side effects like nausea and vomiting making 
tramadol a less preferred agent for acute pain 
management. 
Seizures have been reported in patients 
taking tramadol therefore, it should be used 
cautiously with the drugs which decreases the 
seizure threshold like monoamine oxidase 
(MAO) inhibitors or tricyclic antidepressants. 
Tramadol has also got local anesthetic and 
antibacterial properties. 

Other Opioid Agonists 
Codeine: LJsed for suppressing cough. 

Heroin: Has got highest addiction potential. 

Methadone: Main ly used in prevention of opioid 
withdrawal symptoms. 

Sameridine: Other than opioid actions it has got 
local anesthetic properties also 

Agonist-Antagonist Drugs 
Agonist antagonist drugs are less prone for abuse. 
The best property of these agents is ceiling to 
respiratory depression. 

Pentazocine (Fortwin) 
It is agonist at kappa and delta receptors and 
antagonist at mu receptors. 
Mainly acts on k receptors at spinal level. 
It is I /3rd as potent as morphine (30 mg of 
Pentazocine = 10 mg of morphine). 
Pentazocine stimulates sympathetic system 
therefore causes tachycardia and hypertension. 
Biliary spasm and constipation are less severe. 
Half-life is 3-5 hours. 

• Ceiling occurs at a dose of60 mg. 

Buprenorphine 
Buprenorphine is agonise at mu receptors in 
low doses and antagonist in high doses. 
Buprenorphine has highest receptor binding 
potential 
It is 25 times more potent than morphine. 
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It is long acting; the effect of single dose can 
last for l O hours 
Ceiling effect is seen beyond 1.2 mg 
Buprenorphine's local anesthetic properties 
make it a useful adjuvant to local anesthetics 
for nerve blocks. 

Butorphanol 
Effects are a lmost similar to pentazocine except 
less tachycardia. Butorphanol patch is commonly 
used for chronic pain management like cancer 
patients. 

Nalbuphine 
It decreases heart rate with no effect on blood 
pressure therefore cardiac work load is decreased. 

Dezocine 
Like buprenorphine it is partial agonist at mu(µ) 
in low doses and antagonist at high doses 

Opioid Antagonists 
Naloxone 

It is a pure opioid antagonist acting on all 
opioid receptors with maximum propensity 
for mu receptors. 
It reverses the actions of all opioids however 
due to high receptor binding potential reversal 
with buprenorphlne may be partial. 
The duration of action is 30-60 min thereby 
increasing the chances of renarcotization with 
long acting agents like morphine. 

• Naloxone can be given intra-tracheally. 

Systemic Effects 
Cardiovascular system: Naloxone causes sympa-
thetic stimulation and can produce severe hyper-
tension, tachycardia or even pulmonary edema. 
Centra l nervous syste m: Naloxone has non-
specific analeptic effect. Cerebral metabolic rate, 
oxygen consumption and blood flow is increased 
therefore increases intracranial tension. 

Contraindications (Relative) 
Myocardial ischemia (severe tachycardia and
hypertension are detrimental). 
Intracranial lesions. 
Pheochromocytoma: Opioid reversal with 
naloxone can produce ventricular fibrillation 
and cardiac arrest. 

Other Uses of Naloxone 
Diagnosis of opioid dependence. 

• Treating neonatal asphyxia if opioids are used 
during labor. 
The role of naloxone in shock and other 
conditions like intractable pruritus a nd 
thalamic pain syndrome has been doubted in 
newer studies. 

Naltrexone and almefene: These are long acting 
(8-10 hours) antagonists and can a lso be given 
orally. 

Peripheral antagonists: Methylnaltrexone and 
Alvimopan These are quaternary ammonium 
compounds not crossing the blood brain barrier. 
Therefore holds very promising role in reversing 
the peripheral side effects particularly constipation 
without reversing the analgesia. 

Endogenous Opioids 
Enkephalins, endorphins dynorphins are 
the endogenous opioids produced in body. 
Endomorphin-1 and Endomorphin-2 are the 
new endogenous opioids however their details 
are not known. 
Endogenous opioids exert their effect through 
nociceptin. 
Enkephalins and en dorph ins me diate 
supraspina l control of pain while dynorphins 
mediate pain control at spinal level. 
Enkephalins are responsible for producing 
acupuncture-mediated analgesia while beta 
endorphin mediates stress response. 

ALPHA 2 ADRENERGIC AGONISTS 
Due to the properties like sedation, anxiolysis, 
hypnosis, sympatholysis and mild analgesia a 2 
agonist have been very useful in anesthesia. 
Clonidine had been used for many years as 
an adjuvanr to anesthetics however the s ide 
effects like hypotension, bradycardi a and 
withdrawal h ypertension restricted the use of 
clonidine. 

Dexmedetomidine 
Dexmedetomidine is a new a 2 agonist which 
is more selective and has lesser side effects as 
compared to Clonidine. It is very commonly used 
in anesthetic p ractice. It can be given nasally and 



bucally making it useful for children. The uses of 
Dexmedetomidine in anesthesia are: 
• As premedicant (anxiolytic property). 

Adjuvants to reduce the dose of IV (sedative 
property), inhala tional anesthetics (MAC 
of inhalational agents is decreased) and 
analgesics (an algesic property). Narcotic 
requirement has been found to be reduced 
by 50% in patients who receives Dexme-
detomidine infusion. 
To attenuate card iovascula r response to 
intubarion (sympatholytic property). 
For sedation in ICU: The mechanically-
ventilated patients who were sedated with 
Dexmedetomidine had smooth er and 
hemodynamically stable weaning. 
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For sedation in operation theater and dia-
gnostic units. Dry mouth p roduced by 
dexm edetomidine serves as a n additional 
advantage in bronchoscopy. 
As a hypnotic agen t during su rgical proce-
dures like awake craniolomy. 
As an adjuvant to periphera l and centra l 
neuraxial (sp inal/ epidural) nerve blocks. 
For the treatm ent of add iction of opioids and 
benzodiazepines. 

Side Effects 
Initial hypertension 
Hypotension: Hypotension is the most common 
side effect, seen in almost one-third of the 
patients. 

• Table 12.2: Summary of systemic effects of intravenous anesthetics 

Barbiturates 
Thiopentone 

Methohexital 

Nonbarbiturates 
Ketamine 
Propofol 
Etomidate 
Opioids 
Morphine 

Fentanyl, 
Alfentanil and 
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Pethid ine 
Pentazocine 
Benzodiazepines 
Diazepam 

Midazolam 
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• Bradycarclia or even sinus arrest at very high 
doses. 
The effect of dexmed etomidine can be reversed 

with atipamewle. 
Although studies have sh own the safety of 

dexmedetomicline being used for many days as 
continuous infusion h owever FDA approves its 
use only for <24 hours. 

OTHER INTRAVENOUS ANESTHETICS 
Droperidol, Neuroleptanalgesia and 
Neuroleptanesthesia 
The neuroleptanalgesia is produced by a 
combination of droperidol and Jentanyl (available 
in brand name Innovar) in a ratio of 50:l. Addition 
of nitrous oxide to this combination constitutes 
neuroleptanesthesia. 

• Table 1 2.3: Summary of anesthetic properties 

Anal 
Thiopentone Antanalgesic 
Methohexital 0 
Propofol 0 
Etomidate 0 
Neuroleptanalgesia ++ 

(Droperidol + Fentanyl) 
Opioids ++ 

Benzodiazepines 0 

Ketamine +++ 

The use of neuroleptanalges ia or Neu ro-
leptan esthes ia has been disappeared from 
mode rn anesthesia p ractice b ecause of the 
possibility of QT prolongation and fatal arrhy-
thmias (torsades de pointes) seen with droperidol 
(In fact, FDA issued a black box warning against 
Droperidol). It can a lso produce malignant 
neuroleptic syndrome, hypotension (a. blockade) 
and extrapyramidaJ side effects. 

In past droperidol was used mainly as anti-
emetic and neurole ptanalgesia/ neuroleptanes-
thesia mainly for neu rosurgical procedures 
requiring arousal patient like stereotactic brain 
surgery, removal of seizure foci etc. 

For summary of sys temic e ffec ts and anes-
thetic properties of intravenous anesthetics see 
Tables 12.2 and 12.3 respectively. 

Induction Muscle relaxation 
Smooth 0 
Smooth 0 
Smooth 0 
Smooth 0 

Only somnolence O (hyper rigidity may be 
because of fentanyl) 

Slow (usually not used for 0 (hyper rigidity) 
induction) 

Slow (usually not used for + (centrally acting muscle 
induction) relaxant) 

Not smooth O (hyper rigidity) 

O = no effect ++ = moderate effect + = mild effect +++=severe effect 

KEY POINTS 
• Most commonly used IV anesthetic for induction in current day practice 1s propofol 
• Although elimination half-life ofThiopentone is 10.4 hours but consciousness is regained after 15-20 minutes 

due to redistribution. 
• Th iopentone can be utilized for cerebral protection in case of focal ischemia. 
• Thiopentone high alkalinity is responsible for local complications like intra-arterial injection. 
• Vasospasm and thrombus formation are the major events responsible for causing gangrene after intra-arterial 

injection ofThiopentone. 
• Thiopentone is absolutely contraind1Cated in acute interm,ttem and varegate porphyria but can be used safely 

in porphyria cutaneatarda. 
• Injection of propofol ,s painful. 
• As propofol contains egg lecithin there are high chances of contamination of Propofol. 

Contd ... 
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Contd ... 

• Propofol is the IV agent of choice for day care surgery. 
• Propofol is a potent antiemetic agent. 
• Etomidate is the most cardiovascular stable among all IV agents. 
• The major side effect of etomidate is adrenocort1cal suppression. 
• Midazolam is the only BZ used ,n intraoperative period. 
• Ketam1ne is the most potent analgesic among IV agents. 
• Emergence reactions, mainly hallucinations, are the major limiting factor for restricting the use of ketamine. 
• All pressures like intraocular. intragastric, intracranial are raised by ketamine. 
• Ketamine is the induct,on agent of choice for shock, full stomach, low cardiac output states and right to left 

shunts. 
• The most important receptors for the action of opioids are mu receptors. 
• The most important characteristic of agonist- antagonists is ceiling to respiratory depression. 
• Recurring respiratory depression is exhibited by all pure agonists. 
• Muscle rigidity (Wooden chest syndrome) 1s most commonly seen with alfentanil. 
• Tolerance is seen to all actions of opioids except constipation and miosis. 
• The chronic use of opioids can produce hyperalgesia. 
• Sufentanil is the agent of choice for inh biting stress response to laryngoscopy and intubation. 
• Remifentani is the opioid of choice for day care surgery. 
• Methylnaltrexone and Alvimopan are the peripheral opioid antagonist which can reverse the peripheral side 

effects without reversing the analgesia. 
• Dexmedetomidine is a new a2 agonist which is frequently used in anesthetic practice. 



CHAPTER 13 

To understand the action of muscle relaxants the 
basic knowledge of physiology of neuromuscular 
junction is necessary. 

PHYSIOLOGY OF NEUROMUSCULAR 
JUNCTION (FIG. 13.1) 
Neuromuscular junction consists of nerve end, 
synaplic cleft and muscle end plate. 

1he ne urotransmitter responsible for neuro-
trans mission at ne uromuscular junction is 
acetylcholine (ACh). It is synthesized in the nerve 
cytoplasm by combination of cho line which is 
taken from outside (and this entry of choline is 

Mitochondria7 
Ca2+ 

Acetyl CoA 
+ Choline 

!CAT 

Acetylcholine ---- •• •• °. 
•• 0 

ACh receptors -- o 

Muscle Relaxants 

regu lated by Na+ K+ pump) and acetyl coenzyrne 
A, which is synthesized by mi toch ondria. 
This reaction is mediated by en zyme choline 
acetyltransferase. The synthesized ACh is stored 
in vesicles. Whenever there is stimulation of nerve 
these vesicles m igrate to surface, rupture a nd 
release ACh in synaptic cleft. 

Synaptic cleft is 20 nm wide. The ACh 
molecules bind to ACh receptors at muscle end 
plate which leads to opening of ion channels, so 
that ions can move across the membrane and 
depolarize it producing end plate potential and 
triggering contraction. 

Na+  K+ / Nerve end 
Choline 

Synaptic cleft 

Muscle end plate 

o Acetylcholine containing vesicles 
o Acetylcholine molecules 

Fig. 13.1: Neuromuscular junction 
Abbreviations: ACh, acetylcholine; CAT, choline acetyltransferase 



The acetylcholine is destroyed in less than 1 ms 
by acetylcholinesterase (true cholinesterase) which 
is synthesized by underlying muscle. 

Acetylcholine Receptor (Fig. 13.2) 
It is a pro te in made up of 1,000 a mino acids. 
These receptors exis t in pairs. Each pair has 5 
subunits. Alpha (a) subunit is important because 
ACh, succinylcholine and competitive antagonists 
(nondepolarizing relaxants) bind to this site. 
The receptor h as two ga tes, (Fig. 13.3) upper 
one voltage dependent a nd the lower one time 
dependent. For producing muscle end plate action 
potential both gates should be op en. If any one of 
gate is closed ions cannot pass eve n through an 
open cha nnel. 

Extrajunc tional re ceptors: Th ese are seen 
in n eona tes, infants a nd dene rva ted (and 
regene rating) ne rves. These receptors are very 
sensitive to depolarizing agents and resistant to 
nondepolarizing agents. 

NEUROMUSCULAR MONITORING 
Most commonly chosen mu scle is adductor 
pollicis, supplied by ulnar ne rve. The details of 
neuromuscular monitoring have already been 
described in Chapter 6, page no. 67. 

CHAPTER 13: Muscle Relaxants • 

Sequence of Muscle Blockade 
Due to num ber of fa ctors d iffe rent muscles 
exhibits different sensitivities to muscle relaxants. 
For example, laryngeal m uscles and diaphragm 
may require more tha n double doses required to 
block add uctor pollicis. In fact, the diaphragm 
is considered as most resistant muscle. However, 
in clinical p ractice it has been see n that central 
muscle, i.e. muscles of face (muscle fasciculations 
after succinylcholine are first seen in eyelids), 
jaw, p harynx, larynx, muscles of respi ration, 
abdominal and trunk muscles are blocked earlier 
than peripheral muscles (limb muscles). This is 
simply becau se of early and more blood supply 
to central muscles delivering more quantity of 
muscle relaxants to central muscles as compared 
to peripheral muscles 

The sequence of recovery is also same, i.e. first to 
recover are central muscles (laryngeal, p haryngeal, 
respiratory and trunk) and last to recover are limb 
muscles. 

This sequence of blockade and reversal has got 
the clinical significance: 

Adductor pollicis is most commonly monitored 
for neuromuscular blockade. Re laxation in 
adductor pollicis means la ryngeal muscles 
have already been blocked and intubation can 

Acetylcholine (ACh) Succinylcholine (SCh) 

(I) 
Inactivated state 

molecules molecules 

(ii) 
Open channel 

5c 
(iii) 

Open channel 

Activated state 
Receptor activated by ACh (ii) and SCh (iii) 

Fig. 13.2: Acetylcholine receptor 

Fig. 13.3: Acetylcholine receptor showing two gates 
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be performed. Similarly at reversal, activity 
in adductor pollicis indicates recovery of 
laryngeal, pharyngeal and respiratory muscles 
and patient can be safely extubated. 
Orbicula ris oculi / corru gacor Supe rcilii 
(corrugator SuperciLii preferred ) are the ideal 
muscles for monitoring as activity in these 
muscles corresponds with laryngeal muscles 
however due to technical infeasibility these 
muscles are not used routinely. 

CLASSIFICATION OF MUSCLE 
RELAXANTS 

Skele ta l muscle re laxants are classified in to 
centrally a cting (acting at cerebrospinal axis) 
and peripherally acti11g (acting at neuromuscular 
junction or directly at muscle). The periphera lly 
acting muscle relaxants a re fu rther classified 
into: 
A. Depolarizing blockers: 

Succin ylcholine (Suxamethonium). 
Decamethoni um. 

B. Nondepolarizing (competitive) blockers 
(Table 13.1). 

DEPOLARIZING AGENTS 
Decametho11ium: Not used . 
Suxamethonium [Succinylcholine, (SCh)]. 

Suxamethonium (Succinylcholine} 
It was introduced by Thesleff and Fold in 1952 and 
was first used clinically by Bovet (for which he got 
Nobel prize). Chemically, it is dicholine ester of 
succinic acid. 

Pharmacokinetics 
It is available in 10 ml vial (50 mg/ml). It under-
goes hyd rolysis at room temperature therefo:re 
should be stored at 4°C. Onset of action is within 
30-60 seconds and duration of action is usually 
< 10 minutes. Because of th is early onset and 
short duration Succinylcholine is the ideal m uscle 
relaxant f or intubation however due to the side 
effects its use is only restricted to rapid sequence 
or difficult airway management situations. 
Dose: 1-2 mg/ kg. 

Metabolism 
It is immediately metabolized in plasma by pseu-
docholinesterase (Butyrylcholinesterase), which 
is synthesized in liver and present in plasma in 
abundant q uantities, therefore to prevent its 
metabolism it should be given at faster rate. 

Mechanism of Action 
At neuromuscular junction succinylcholine ac ts 
like acetylcholine binding to the same receptor 
site, producing the action potential and muscle 
contrac tion . Acety lcholine is immediately 
metabolized by acetylcholinesterase present at 
neuromuscular junction but succinylcholine 
metabolism depends o n the concentra tio n 
gradient between plasma and neuromuscular 
junction making excessive availability o f 
succinylcholine at neuromuscular junction. This 
excessive succinylcholine produces repeate d 
depolarization and contractions in all muscles 
which can be directly visualized as fasciculations. 
As a rule of physiology persistent depolarizatio n 
will make the membrane to become refractory 

• Table 13.1: Differences between depolarizing and nondepolarizing block 

Depolarising

1. Also called as phase I block 

2. Block preceded by muscle fasciculations 

3. Depolarizing blocking drugs are called as leptocurare 

4. No fading is seen (fading can be seen at higher doses, i.e. 
phase II block) 

5. No post-tetanic facilitation 

6. Does not require reversal rather cholinesterase inhibitors (neostigmine) 
can prolong the depolarizing b lock by inhibiting pseudocholinesterase 

Nondepolarlzing ,. -
2. No fasciculations 

3. Called as pachycurare 

4. Shows fading on neuromuscular 
monitoring 

5. Exhibit post-tetanic facilitat ion 

5. Reversed by cholinesterase inhibitors 
like neostigmine 



to succinylcholine as well as acetylcholine for 
a transient period. This transient period is the 
period of relaxation. This kind of block produced 
by succinylcholine is termed as phase I block. 

Systemic Effects 
Cardiovascular syste m: Suxamethonium not only 
acts on nicotinic receptors but also on muscarinic 
receptors producing bradycardia (however at very 
high doses it may cause tachycardia due to the 
stimulation of nicolinic receptors at sympathe tic 
ganglion). Excessive bradycardia can sometimes 
cause nodal rhythms. 

Hyperkalemia: Hyperkalemia is the most promi-
nent effect of Suxamethonium which occurs due 
to excessive muscle fascicu lations. In normal 
circumstances serum potass ium increases by 
0.5 mEq/ L. Hyperkalemia increases the risk of 
ventricular arrhythmias. 

Cen tral nervous system (CNS): By causing 
contraction of neck muscles thereby blocking 
jugular venous outflow Succinylcholine increases 
intracranial tension. 

Eye: Ocular muscles are multiple innervated 
muscles which undergo tonic contraction after 
succinylcholine increasing the intraocular tension 
(IOT). 

GIT: Intragastric pressure is increased due to 
contraction of abdominal muscles. By activating 
GI muscarinic receptors it increases GI secretions 
and peristalsis. 

Muscle pains (myalgia, muscle soreness): This 
is a common complication seen in postoperative 
period; incidence is 40-50%. Muscle pains are due 
to excessive muscle contractions. The incidence of 
postoperative myalgia can be reduced by: 

Precurarizalion: Precurarization is the 
technique in wh ich one-tenth dose of 
nondepolarizing m uscle relaxant is given 
3 minutes prior co succinylchol ine. This small 
dose of nond epolarizer by blocking some 
of the receptors will decrease fasciculations 
and h ence myalgia. This technique can also 
prevent the rise in intracranial and intragastric 
pressure but does not reliably prevent rise in 
intraocular pressure (due to multi-innervation 
of ocular muscles). 
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NSAIDs and prostagla ndin inhibitor like 
lysine acetylsalicylate also decrease incidence 
of myalgia (but not used routinely for this 
purpose). 

Malignant hype rthermia: Succinylcholine is the 
most commonly implicated drug. 

Anaphylax:is: Severe hypersensitivity reaction can 
occur with succinylcholine. 

Masseter spasm : Succinylcholine can cause 
masseter spasm especially in children which may 
be a precursor sign for malignant hyperthermia. 

Contraindications 
1. Hyperkalemia: Serum K+ > 5.5 mEq/ L is 

an a bsolute contraindication for using 
suxamethonium. 

2. Succinylcholineincreases thelCThowever, the 
increase is transient and can be revered with 
hyperventilation therefore Suxameth.onium 
is not absolutely contraindicated for neuro-
surgery and can be safely used if there is clear 
indication like rapid sequence induction or 
possibility of d ifficult airway. 

3. Glaucoma and eye injuries (increases 
intraocular pressure). 
However, if absolutely n ecessary Succinyl-
choline can be considered fo r raised in tra-
o cular pressure after pretreatm ent with 
nondepolarizers (precurarization). 

4. Newborns and infants: Newborns a n d 
infants have regenerating nerves therefore 
have extrajunctional receptors making 
suxamethonium to act on more receptors 
producing more hyperkalemia. 

5. Up to 2-3 months after trauma, up to 6 
months after hemiplegia/ paraplegia (stroke) 
and up to l year after burns (the greatest 
risk period is 1 week to 2 months). In these 
cond itions denervated/regenerating nerve 
develops extrajunctional rece ptors producing 
significant hyperkalemia. 

6. Renal failure: Renal per se is not a contra-
indication but renal failure is often associated 
with hyperkalemia. 

7. Prolonged intra-abdominal infec tion -
prolonged infection is usually associated with 
acidosis which is inevitably associated with 
hyperkalemia. 
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8. Shock (shock is associated with metabolic 
acidosis and hence hyperkalemia). 

9. Diagnosed case of atypical pseudocholi-
nesterase and low Pseudocholinesterase. 

10. Muscular dystrophies like Duchenne muscle 
dystrophy or dystrophia myotonia: Muscles 
in these patients are so sensitive to suxame-
thonium that severe life-threatening hyper-
kalemia can occur. Moreover, these patients 
may develop permanent contractures if 
succi nylcholine is given and they a re one of 
the highest risk patients to develop malignant 
hyperthermia. 
In fact, existence of undiagnosed muscular 
dystrophy is the reason for avoiding suxame-
thonium in young children. 

11. Tetanus, Guillain Barre syndrome, poliomyeli-
tis or spinal cord injury: These conditions are 
associated with hyperkalemia. 

Prolonged Apnea after Succinylcholine 
It can be because of: 

Low pseudocholinesterase. 
Arypical pseudocholinesterase. 
Phase II block. 

Low Pseudocholinesterase 
Pseudocholinesterase is a protein synthesized 
by liver and is present in plasma. Normal serum 
level is 80 units/ ml and half-life is 12 hou rs. 
Pseudocholinesterase level should fa ll below 
75% of normal to produce clinically significant 
prolongation of suxamethonium effect. 

Its levels are reduced in: 
Liver diseases because it synthesized in liver. 
As it is a protein therefore, any protein losing 
enteropathy, u ropathy, chronic cachexic 
diseases like malignancy, newborns, old 
age, alcoholics, dietary hypoprote inemia or 
pregnancy (dilutional hypoproteinemia) will 
decrease its levels. 
Direct inhibition of pseudocho/ineslerase: The 
following drugs may cause direct inhibition of 
pseudocholinescerase: 

Cytotoxic drugs (particularly alkylating 
agents). 
Cholinesterase inhibitors: Neostigmine, 
pyridostigmine a nd echot h iophate 

inhibits pse udocholi nesterase and 
can prolong apnea up to 60 minutes. 
( Cholinesterase inhibitors can reverse the 
action of non-depolarizers and prolong 
the block of depolarizers). 
Metoclopramide. 
Pancuronium. 
Oral contraceptives. 
Barnbuterol (a prodrug of terbutaline) 
B-blocker, esmolol. 

Treatment 
Continue intermittent positive pressure venti-
lation ( IPPV) and wait for spontaneous reco-
very as spontaneous recovery occurs in almost 
all cases after a de layed period. 
Fresh frozen plasma: It should be given only if 
patient is not recovering spontaneously 
Heat treated preparation of cholinesterase 
is preferred over fresh frozen plasma but 
available only in few countries. 

Atypical (Abnormal) Pseudocholinesterase 
It is a genetic disease in which patient has 
abnormal enzyme which is not able to metabolize 
Suxamethonium. 

Incidence: 1 in 3,000. This is diagnosed by 
Dibucaine numbe1: 

Dibucaine is a local anesthe tic which ca n 
inhibit 80% of no rmal enzyme and 20% o f 
abnormal enzyme therefore dibucaine number for 
homozygous rypical (normal person) is 80% and 
homozygous atypical is 20%. Dibucaine number 
only indicates the genetic makeup of an individual
It cannot measure the concentration or efficiency 
of pseudocholinesterase. 

Sodium fluoride can be used in place of 
Dibucaine (fluoride number). 

Treatment 
As majority of the patients are he terozygous 
atypical (i.e. have normal as well as abno rmal 
enzyme) therefore recover spontaneously after 
1- 2 hours. So continue IPPV and wait fo r 
spontaneous recovery. Those who do not recover 
spontaneously (ho mozygous atypical) may be 
given fresh frozen plasma or synthetic preparation 
of cholinesterase. 



Phase II Block 
Also called as dual block. This is prolonged 
block seen after excessive dose of suxamethonium 
( > 5 mg/kg or > 500 mg). 

Exact pathophysiology of phase II block is not 
understood but some of the mechanism may be: 

Desensitization: Repeated doses produces 
structural changes in receptor which under-
goes desensitization. 

• Channel blockade: Succinylcholine molecules 
enter the open channel and produce prolonged 
block. 

• Calcium mediated injury to end plate. 

Diagnosis: Succinylc/10li11e showing Jading on 
neuromuscular monitoring is patlwgnomonic of 
phase II block. 

Treatment 
Maintain IPPV. 
In 50% individuals block may reverse by itself 
in 10-15 minutes. 
In the remaining cases a trial of neostigmine 
can be given if there is no response even after 
30 minutes. If neostigmine is given early it can 
worsen the block. Sufficient evidence staring 
the role ofneostigmine in phase II block is still 
lacking. 

NONDEPOLARIZING MUSCLE 
RELAXANTS 
First muscle relaxant, d-tubocurare was used by 
Harold Griffith. 

Nondepolarizing muscle relaxants ( DMR) are 
used in anesthesia for: 
• Maintenance of relaxation (1st dose for 

main tenance should be full dose but all 
subsequent doses should be 1/4 th of the 1st 
dose). 
For intubation: Due to side effects of suxame-
thonium, in current day practice nondepolar-
izers are used routinely for intubation 
(except for certain s ituations like rapid 
sequence intubation or difficult airway where 
suxamethonium is still the drug of choice). 
The major limitation of nondepolarizers for 
not using for intubation was thei r slow onset 
of action (3- 4 minutes). Therefore, numerous 
methods like priming (giving ! / 10th of dose 
2-3 minutes prior to main dose) or using 
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very high doses were devised to enhance the 
onset of action of action of non-depolarizers 
however the availability of rocuronium (onset 
of action in 60-90 seconds) has led to almost 
complete disappearance of these techniques 
from modern day anesthesia. 
For precurarization, to prevent postoperative 
myalgia by succinylcholine. 

Mechanism of action: The DMR are the 
competitive antagonists at acerylcholine receptor. 
They bind at the same site (a subunit) at which 
acetylcholine binds preventing acetylcholine to 
bind thereby preventing depolarization, action
potential and muscle contraction. 

All NDMR are quaternary ammonium 
compounds and highly water soluble, i.e. 
hydrophilic (not lipophilic) therefore do not cross 
blood brain barrier and placenta except gallamine. 

Classification 
A. On the basis of chemical structure: On the 

basis of chemical structure they are broadly 
classified as: 
Steroidal compounds 

Pancuronium 
- Vecuronium 
- Pipecuronium 

Rocuroniwn 
- Rapacuronium 

Benzylisoquinoline compounds 
d-Tubocurare 

- Metocurine 
- Doxacurium 

Atracurium 
Mivacurium 

- Cisatracurium 
Mivacurium 

Others 
- Gallamine 
- Alcuronium 

Onium chlorfumrates 
The basic difference between steroidal and 

benzylisoquinoline (BZJQ) compounds is that 
histamine release is seen with BZJQ compounds 
and vagolytic property with steroidal compounds. 
B. On the basis of duration. of action: Onset of a 

nondepolarizer is inversely proportional co 
potency. More the potency, lesser the dose 
required, means less molecules delivered at 
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neuromuscular ( M) junction to compete 
with acetylcholine delaying the onset of action. 

Long actiong Intermediate
acting 

D tubocurae Vecuronium 
Gallamine Rocuronium 
Pancuronium Atracurium 

Pipecuronium Metocurine 
Doxacurium Cisatracurlum 
(longest acting) 

Steroidal Compounds 
Pancuronium 

Short acting

Mivacurium 

Rapacuronium 

Gantacurium 
(shortest acting) 

The main reason for not preferring pancuronium 
in current day practice is cardiac instability. It 
releases nor-adrenaline and cause vagal blockade 
which can cause tachycardia and hypertension. By 
releasing nor-adrenaline it increases the chances 
of arrhythmias with halothane. 
Duration of effect: 30- 40 minutes. 

Metabolism: Only 10-20% is metabolized in liver. 
80-90% is excreted by kidneys therefore should not 
be used in renal diseases. 

Vecuronium 
It has 2 rings A and 0. D ring is similar to 
pancuronium and A is modified to make its action 
of shorter duration. It's commonly used muscle 
relaxant in India. 

Pharmacokinetics 
Dose: 0.08- 0. l mg/ kg, 
Onset of action: 2-3 minutes. 
Duration of effect: l 5-20 minutes. 
Metabolism: 30-40% is metabolized in liver. Only 
25% is excreted through kidneys. A significant 
amount (40%} is excreted in bile therefore it should 
not be used in biliary obstruction. 
Systemic effects 

As vecuronium is most cardiovascular stable 
it is the muscle relaxant of choice for cardiac 
patients. 
Long-term use in ICU has resulted in 
polyneuropathy due to accumulation of its 
metabolite, 3-hydroxy metabolite. 

Rocuronium 
It is a derivative of vecuron ium with 1/ Sth 
potency. 
The advantage of rocuronium over other 
nondepolarizing muscle relaxants is its early 
onset within 60-90 seconds as compared to 
other relaxants (3-4 minutes). As rocuronium 
onset is comparable to succinylcholine it is 
nondepolarizer of choice for intubation and 
precurarization. 
Rocuronium is preferred over vecuronium 
for prolonged use in ICU because it does not 
produce any active metabolite. 
It is the only nondepolarizing muscle relaxant 
which can be given by intramuscular route. 
Rest of pharmacology is similar to vecuronium 

except that it has mild vagolytic property. 

Rapacuronium 
Rapacuronium is the analog of vecuronium 
with less potency. Onset of action is similar to 
rocuronium (1 minute) but duration of action is 
short (almost half of vecuronium and rocuronium). 
Rapacuronium has been withdrawn from market 
because it produced intense bronchospasm. in 
significant number of patients(> 9%). 

Pipecuronium 
It is a pancuronium derivative with better cardiac 
stability, however not as cardiac stable as vecuro-
nium. As it does not offer any additional advantage 
over vecuronium it is hardly used. 

Benzylisoquinoline Compounds 
A. Agents not used nowaday. 

O-Tubocurare 
It is named so because it was carried in bamboo 
tubes and used as arrow poison for hunting by 
Amawn people. 

It is not used in present day practice because 
of its highest propensity for histamine and ganglion 
blockade ( and hence severe hypotension). 

Duration of effect: 50-60 minutes. 

Metocurine 
Possibili ty of severe anaphylaxis led to its 
obsoletion. It is an iodine containing compound, 



therefore persons with allergy to iodine should not 
be given metocurine. 

B. Agents used nowaday. 

Atracurium 
Available as atracurium besylate. 

• To be stored at 4°C. 

Pharmacokinetics 
It is an acidic compound therefore can precipi tate 
if given in IV line containin g a lkaline solution like 
thiopentone. 

Dose: 0.5 mg/kg. 

Onset of action: 2-3 minutes. 

Duration of action: 10-15 minutes. 

Metabolism: It has unique m ethod of d egradation. 
lhe majori ty of the drug undergoes spontaneous 
d egrada tio n in plasm a called a s Hoffman 
degradation (a sm all am ount is metabolized by 
plasma esterase). Hoffman d egradation is a p l-I 
a nd temperature-dependent reaction; high er pH 
and tempe rature favor more degradation. 

Systemic effects 
At higher doses its metabolic product la.udonosine 
can cross blood brain barrier and can produce 
convulsions. 

As it is ben zylisoquinoline compound it can 
re lease hista mine which can produce a llergic 
reactions ranging from prur itic rash to a ngio-
neurotic edema, bronchospasm or hypotension. 

Uses 
As atracurium metabolism is not de pe ndent on 
hepatic or renal functions it is relaxant of choice for 

Hepatic failure. 
Renal fa ilure. 
Newborn (immature hepatic/ rena l function) 
Old age (impaired hepatic/ renal functions) 
If reversal agent is contraindicated (as meta-
bolism of Atracurium is guaranteed there is no 
risk of accumulation of any active form) 
Neuromuscular diseases like myasth e nia 
gravis. 

Cis-Atracurium 
It is an isomer of atracurium with 4 times more 
po tency than a tracurium. 

CHAPTER 13: Muscle Relaxants • 

The ch ief advantage of cisa tracurium over 
atracurium is that it does not release histamine 
and laudonosine production is 5 times less than 
atracurium there fore always preferred 011er 
atracurium. 
It is only metabolized by Hoffman degradation; 
does nor undergo any metabolism by est er 
hydrolysis. 
Rest of pharmacology is simila r to atracuriurn. 

Mivacurium 
Like succinylcholine it is metabolized in plasm a 
by pseudocholinesterase therefore prolon ged 
block is expected in conditions causing low 
Pseudocholinesterase level. 

As it is metabolized by pseudocholinesterase 
it duration of action is short (5-10 minutes) 
making it a muscle relaxant of choice for day care 
surgery. 

The major side effect is histamine release. 

Doxacurium 
Doxacurium long duration of action (60 minutes, 
longest acting non depolarizer), high poten cy 
(most potent nondepo/arizing muscle relaxan t) 
a nd almost complete elimination as unchanged 
drug by kidneys makes it a least preferred drug b y 
clinicians. 

OTHERS 
Not used nowaday. 

Gallamine 
Galla mine is obsole te for m ore than 2 decad es 
due to following reasons: 
• It has got maximum p rope nsity for vagal 

blockade ( vagolytic) therefore can cause severe 
tachycardia. 
It is the only nondepolarizer which can cross 
the placenta and cau.se fetal death therefore 
absolutely contraindicated in pregnancy. 
More than 80% is excreted by kidneys therefore 
contraindicared in renal diseases. 

Alcuronium 
It gets deterio rated on sunlight exposure therefore 
was available in dark colored ampoules. 

Beca use of the highe r risk of a naphylact ic 
reactions it is no more used. 
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COMPOUNDS UNDER RESEARCH 
Mixed Onium Chlorofumarates 
Gantacurium 
Gantacuriu m, previously known as AV430A, is a 
mixed onium chlorofumarates which is still under 
clinical trials. Preclin ical n·ials has proved it to be 
having fast onset ( < 90 seconds) and ultra short 
duration (shortest among nondepolarizers); after 
reversal complete recovery has been reported in 
3- 4 minutes. 

It is rapidly metabolized by forming cysteine 
adduct fo llowed bye ter hydrolysis. 

The main side effect, i.e. histamine release is 
only seen at very high doses (3 times of normal 
dose). The properties proven in pre-clinical trials, 
if maintained after clinical trials also, gantacurium 
will not be the only nondepolarizer of choice for 
intubation rather it may emerge as an alternative 
to suxamethoniumfor intubation. 

CW 002 is ana logue of gantacu rium with 
intermediate duration of action 

Changeover of muscle relaxants in the same 
sitting: It is almost never practiced but if an 
intermediate acting drug is administered after 
long acting then duration of intermediate acting 
d rug is prolonged for first two doses. 

Addi tion of muscle relaxants: Two m uscle 
re laxants of same group (s teroid + steroid or 
BZIQ+BZIQ) produces additive effect while 
addition of different group {steroid+ BZIQ) 
produces synergis tic effect. 

Factors Prolonging the 
Neuromuscular Blockade 

Neonates. 
Old age. 
Obesity. 
Hepatic d isease (both depolarizer and 

DMH). 
• Renal disease (only NDMR). 

Inhalational agents: Prolong the block by 
both depola rizers and DMR. Inhalationa l 
agents decrease the requirement of re laxant 
by 20-30%. Maximum relaxation among 
inha/ational agents use now a days is produced 
by Desflurane. (Desllurane > Sevollurane > 
lsoflurane > Halothane). 

Antibiotics: Prolong the effect of both 
depolarizers and NDMR. 

Aminoglycosidcs ( eomycin, strepto-
mycin, gentamicin, kanamycin, po ly-
myxin, and tobramycin), lincosamines 
(lincomycin and Clindamycin). To reverse 
the effect of block by aminoglycosides 
drug used is 4, aminopyridine. 

- Tetracycline. 
Local anesthetics: Except p rocaine local 
anesthe tics prolong the action by stabilizing 
post synaptic membrane {both depola rizers 
and DMR are prolonged). 

• Hypothermia: Decreases me tabolism of 
m uscle relaxa nts (both depolarizers and 
NDMR). 
Hypocalcemia: Calcium is required for 
producing action potential. Action of NDM H 
is enhanced. 
Hypokalemia: NDMR block is enhanced. 
Acid base im balances especia lly acidosis 
(Action of NDMR is enhan ced). 
Calciu m channel blockers (Action of only 

DMR is enhanced). 
Dant rolene (Action of only NDM R is 
enhanced). 
Neuromuscular diseases (Table 13.2). 
Hypermagnesemia: Prolongs block by both 
depolarizers and NDMR. 
Lithium prolongs duration of both depolarizers 
and non- depolarizers. 
Cholinesterase inhibitors (neostigmine): 
Prolong the action of depolarizers by inhibiting 
pseudocholinesterase. 
Ant ihyperten sives (Tri methaph an a nd 
niLroglycerine) 
Antiarrhythmics (Quinidine, procainamide): 
Prolongs depolarizers and nondepolarizers. 

Drugs which Antagonize 
Neuromuscular Blockade 
• Phenytoin 

Carbamazepine 
Calcium 
Cholinesterase inhibitors 
Azathioprine 
Steroids 
These agents only antagon ize the effect of 

NDMR. 
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• Table 13.2: Altered muscle relaxant responses in muscular diseases 

Disease Response to 
depolarizers 

Response to non-
depolarizers 

Comments 

Conditions with 
extrajunctional receptors like: 

• Burns 
• Hemiplegia 

Increased sensitivity Resistance 
and hyperkalemia 

Extrajunctional receptors in 
these conditions are sensitive 
to depolarizing agents and 
resistant to nondepolarizers 

• Paraplegia 
• Denervation muscle injuries 
• Tetanus 
• Cerebral palsy. 

Myasthenia gravis Resistance Increased sensitivity An autoimmune disease 
destroying acetylcholine 
receptors, less competition for 
nondepolarizers, increasing 
their sensitivity and less 
receptors for succinylcholine to 
act increasing its resistance. 

Myasthenic syndrome Increased sensitivity Increased sensitivity Autoantibodies against 
prejunctional calcium channels, 
eventually decreasing the 
production of acetylcholine 

Muscle dystrophies like 
Duchenne myotonias like 
dsytrophia, congenita 

Increased sensitivity Normal or increased 
and hyperkalem ia sensitivity 

Due to multiple reasons 
sensitivity to depolarizers is 
significantly increased 

Autoimmune diseases like SLE Increased sensitivity Increased sensitivity 

REVERSAL OF BLOCK 
lhere are two rules of reversal: 
1. All pa rien ts who have received nondepolarizer 

must be given reversal agent until u nless there 
is absolute contraindication for using reversal 
agent. 

2. Reversal sh ould be given only a fter some 
evidence of spon taneou s recover y has 
appeared like parient has sta rted spontaneous 
respiration and TO4 shows at least 1 twitch 
response otherwise reversa l agents may 
enter the open cha nne ls and can them selves 
prod uce b lock. 
Drugs used for reversal of block by non-

d epo la ri ze r s are cho lin esterase inhibitors 
(anticholinesterases) and gamma cyclodextrin s. 

A. Anticholinest erases 
Anticholinesterases which can be u sed for reversal 
or the block of nondepola rizers are: 

eostigmine 
• Pyridostigmine 

Edrophonium 
Physostigmine 
These agents except physostigmine are 

quaternary ammonium compounds therefore do 
not cross the blood brain barrier. 

Mechanism of Action 
Cholines tera ,e inhibitors inactivate the e nzyme 
Acetylcholinestera se whic h is responsible for 
break-dow n of acetylcholine, thus increasing 
the amount or acetylcholin e available fo r 
competition with nonde polarizing agent thereby 
re -establishing n e uromuscular transmissio n . 
Cholinesterase inhibitors have a dditional 
e ffects others than inhibitin g ch olinesterase like 
(i) increase release of acetylcholine from p re-
synaptic nerve terminals, (ii) direct agonist (weak) 
action on nicotinic receptors, (iii) block potassium 
channels. 

Th e inc reased acetylchol ine will not only 
act a t nicotinic receptors but also on muscarinic 
receptors producing muscarinic s ide e ffects 
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like bradycardia, bronchospasm and increased 
secretions. Therefore to prevent these muscarinic 
side effects some anticholinergic like atropine or 
glycopyrrolate has to be given with cholinesterase 
inhibitors. Clycopyrrolate being devoid of central 
side effects is always preferred over atropine. 

Neostigmine 
eostigmine is the most commonly used reversal 

agent. 

Dose: 0.04- 0.08 mg/ kg. 
The effect begins in 5-10 minutes and peaks in 

half hour and lasts for one hour. Anticholinergic 
preferred with neostigmine is glycopyrrola te 
because both have same onset of action (both are 
slow acting). 

Edrophonium: It has rapid onset (1-2 min) and 
shorter duration of action. As it has short duration 
there are increased chances of recurarization with 
long acting nondepolarizers. The anticholinergic 
preferred with edrophoniurn is atropine (both fast 
acting). 

As neostigmine and pyridostigmine inhibit 
pseudocholinesterase they cannot be used to 
reverse mivacurium which is metabolized by 
pseudocholinesterase. Edrophonium does not 
inhibi t pseudocholinesterase therefore is the 
reversal agent of choice for mivacurium. 

Pyridostigmine: The onset is s lower ( 10- 15 
minutes) and duration is longer (> 2 hours). It is 
preferred drug for renal failure patients in whom 
a prolonged stay of muscle relaxant is expected . 
This situation is rare in present day anesthesia as 
for renal failure patients invariably Atracurium or 
cisAtracurium is used. 

B. Gamma Cyclodextrins (Sugammadex) 
Cyclodextrins are the reversal agents which 
directly binds to steroidal type of nondepolarizing 
muscle relaxants to form a complex which gets 
eliminated unchanged through kidney. 

Advantages 
• Anticholinesterase are unable to reverse 

deeper blocks while sugammadex is effective in 
reversing profound blockade. 

• The reversal of block with cholinesterase 
inhibitors is slow (10- 15 min.) while reversal 

with sugammadex is very fast (2- 3 minutes). 
Moreover there occurs ceiling to the effect of 
anticholinesterases (there is limit to which 
acetylcholinesterase can be inhibited) 
As there are no muscarinic side effects, there is 
no need to use glycopyrrolate or Atropine 
Sugammadex can be given even if there are no 
signs of spontaneous activity. 

Disadvantages 
Cannot reverse benzylisoquinoline type of 
nondepolarizers 
As the Sugarnmadex-nondepolarizer com-
plex is eliminated unchanged through kidneys 
it cannot be used in patient with severe renal 
insufficiency 
Can encapsulate other drugs like oral contra-
ceptives 
Risk of hypersensitivity reactions may be one 
of the major limiting factor preventing wide 
spread use of sugammadex. 

C. L-cysteine 
As the fumarates (gantacurium) is inactivated 
by adduction of cysteine, the administration of 
exogenous L-cysteine results in complete reversal 
within 2-3 minutes. 

SIGNS OF ADEQUATE REVERSAL 
Regular respiration with adeq uate tidal 
volume, i.e. patient is able to maintain oxygen 
saturation on room air. 
Spontaneous eye opening. 
Spontaneous limb movements. 

• Able to protrude tongue. 
Recovery of upper airway reflexes like cough 
and swallowing. 
Able lo lift head for more than 5 seconds used 
to be considered as most re liable clinical 
test. 
Sustained jaw clench over a tongue blade is 
considered as best clinical sign however it is 
difficult to perform by patient therefore still 
most widely used clinical test is head lift. 
Train of four (TO4) ratio > 0.7 (70%), indicates 
adequate recovery but ratio > 0.9 guarantees 
recovery. However, most of the clinicians 
believe that in addition to TO4 ratio > 0.9, 
patien ts must not exhibi t any clinical 



symptom/ sign of impaired neuromuscular 
recovery like difficulty in swallowing, diplopia, 
inability to speak, inability to perform head lift 
or complain of general weakness, to declare 
guaranteed recovery. General weakness is 
considered as most sensitive symptom of 
inadequale reversal. 

COMMON CAUSES OF INADEQUATE 
REVERSAL 
• Inadequate dose of neostigmine. As there 

occur ceiling to the effect of neostigmine there 
is hardly a role of second dose 
Over dosage of inhalational agents (inhala-
tional agents have neuromuscular b locking 
properties) 
Renal failure, hepatic failure (except atra-
curium and cisatracurium) 

• Hypothermia (decreases metabolism) 
Hypothyroidism (decreases metabolism) 
Electrolyte abnormalities especially hypo-
kalemia and hypocalcemia 
Associated neuromuscular diseases 
Shock (because of acidosis) 
Acid base abnormalities: Respiratory acidosis 
and metabolic alkaJosis doubles the dose of 
neostigmine. It becomes almost impossible 
to reverse a patient with pC0 2 more than 
5O mm Hg. 

• Table 13.3: Summary of pharmacology of muscle relaxants 
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CENTRALLY ACTING MUSCLE 
RELAXANTS 
These are the drugs which produce muscle 
relaxation through central mechanism both at 
supraspinal and spinal level. Polysynaptic reflexes 
involved in maintenance of muscle tone are 
inhibited at both spinal and supraspinal level. 
These drugs also produce sedation. They have no 
action on neuromuscular junction. 

The commonly used centrally acting muscle 
relaxants are: 

Chlorzoxazone, chlormezanone. 
• Diazepam. 

Baclofen. 
• Tizanidine, metaxalone. 

Others like mephenesin, meprobamate are no 
more used intravenously (mephenesin is still used 
in ointments). 

Uses 
Muscle spasms. 
Tetanus: Intravenous d iazepam is most 
effective. 
Spastic neurological diseases like cerebral 
palsy, spinal injuries. 
Close reductions and dislocations in 
orthopedics. 
For summary of pharmacology of muscle 

relaxants see Table 13.3. 

Onset Duration of Metabolism Primary Histamine Vagal Comments 
action (lnllwr} excretion release blockade

Depolarizers Rapid Short Plasma + Fastest onset, 
(Suxamethonium) (30-60sec) (<l0min) shortest acting 

muscle relaxant 
Steroidal 
compounds 
Pancuronium Moderate Long Only small Renal 0 ++ Tachycardia 

(3-4 min) (30-40min) amount (90%) 
(10%) is 
metabolized 

Vecuronium Moderate Intermediate 30-40% Biliary 0 0 Cardiovascular 
(20-30min) (40%) stable, Contra-

indicated in bili-
ary obstruction 

Contd ... 
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Contd . .. 

Onset Duration of Metabolism Primary Histamine Vagal Comments 
action (in liver) excretion release blockade 

Rocuronium Early (60 Intermediate Nil Hepatic 0 + NDMR of choice 
sec) (20- 30 min) (>70%) for intubation 

Pipecuronium Moderate Long Small Renal 0 + 
amount 

Rapacuronium Early Small Very high < 25% 0 + Intense 
(60 sec) (10- 15 min) (50%) bronchospasm 

Benzyllsoquinoline 
compounds 
d-Tubocurare Delayed Prolonged Insignificant Renal +++ 0 Maximum 

histamine 
release. 
Maximum 
ganglion 
blockade 

Metocurine Moderate Intermed iate Renal ++ 0 
Insignificant 

Atracurium Moderate Intermediate Nil Plasma ++ 0 Undergoes 
(2-3 min) (10--15 min} Hoffman 

degradation 

Cisatracurium Moderate Intermediate Nil Plasma 0 0 No histamine 
release, less 
laudanosine 

Mivacurium Moderate Small Nil Plasma + 0 Metabolized by 
(5-10 min) pseudocholines-

terase 

Doxacurium Moderate Prolonged Insignificant Renal 0 0 
(60min) 

Others 
Gallamine Delayed Prolonged Insignificant Renal 0 +++ Can cross 

placental 
barrier 

Gantacurium Fast Short Insignificant Plasma 0 0 Shortest acting 
NDMR 

The following can be concluded from Table 13.3: 
Long acting muscle relaxant a re largely 
e limina ted by kidneys. Metabolism by liver 
is very small. In termediate acting have rapid 
clearance because of multiple pathways like 
metabolism, elimination and degradation. 

• NDMR relatively contraindicated in renal 
failure 

• NDMR absolutely contraindicated in renal 
failure 

Gallarnine 
Metocurine 
doxacurium 
Pancuronium 

- Tubocurare 

- Vecuronium (only at higher doses) 
NDMR safe in renal failure 

Atracurium 
Cisatracurium 
Rocuronium 
Mivacurium 

• NDMR contraindicated in hepatic failure 
Vecuroniurn 
Rocuroniurn 
Mivacuriurn 



NDMR safe in hepatic failure 
- Arracurium 

Cisatracurium 
NDMR contraindicated in biliary obstruction 

Vecuronium 
Rocuronium 

NDMR contraindicated in pregnancy 
Gallamine 

NDMR of choice for rapid sequence intubation 
(muscle relaxant of choice is succinylcholine) 

Rocuronium 

KEY POINTS 
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NDM R causing ganglion blockade 
d-Tu bocurare 
Metocurine 
Alcuronium 

NDMR causing vagal blockade 
Gallamine 
Pancuronium 
Rocuronium 

NDMR of choice for cardiac patients 
Vecuronium. 

• In clinical practice central muscle are blocked and recover earlier than peripheral muscles (limb muscles). 
• Because of early onset and short duration Succinylcholine 1s the ideal muscle relaxant for intubation. 
• Hyperkalemia is the most prominent effect of suxamethonium. 
• Succinylcholine is the most commonly implicated drug for malignant hyperthermia 
• lntraocular, intragastric and intracranial pressures are ,ncreased by suxamethonium. 
• Fading after suxamethonium is pathognomonic of phase II block. 
• Continue intermittent positive pressure ventilation and wait for spontaneous recovery is the treatment of 

choice for low and atypica' pseudocholinesterase. 
• Benzylisoquinoline releases histamine while steroidal compounds are vagolytic. 
• Onset of a nondepolarizer is inversely proportional to potency. 
• Vecuronium is most cardiovascular stable muscle relaxant. 
• Rocuronium is nondepolarizer of choice for intubation. 
• Intense bronchospasm led to withdrawal of rapacuronium from market. 
• Atracurium and cisatracurium are metabolized by Hoffman degradation making them relaxant of choice for 

hepatic and renal failure. 
• Cisatracurium does not release histamine and Laudonos,ne production is 5 t,mes ess than atracurium. 
• Mivacurium is tne muscle relaxant of cho,ce for day care surgery 
• Gallamine is the only nondepolarizer which can cross the placenta therefore absolutely contraindicated in 

pregnancy 
• Gantacurium onset and duration is almost comparable to suxamethonium. 
• To prevent muscarin,c side effects, anticholinergic like atropine or glycopyrrolate has to be given with 

cholinesterase Inhibitors. 
• Sugammadex is the newer reversal agent which rapidly and completely reverses the block by steroidal type of 

nondepolarizers but cannot reverse benzylisoquinoline compounds. 
• Sustained Jaw clench over a tongue blade is cons dered as best clinical sign however train of four ratio > 0.9 

guarantees recovery. 



CHAPTER 14 
Perioperative Complications of 

General Anesthesia 

Almost all complications which can occur in 
in traoperative period can a lso occur in post-
operative period. Therefore, complications a re 
classified as perioperative (intraoperative + post-
operative). In spite of the debate over the period 
most of th e clinic ians consider perioperative 
period u p to 48 hours after surgery. 

Most anesthetic complications occur because 
of human errors (may 1101 necessarily amount to 
negligence). 

Although the more turbulent periods 
in anesthesia a re induction and emergence 
however maximum complications are reported 
in maintenance period necessitating the same 
vigilance standards in maintenance period as in 
induction and recovery phase. 

Postoperative respiratory depression has been 
cited as the most common cause of anesthesia 
related death in perioperative period and the usual 
cause is transferring the patient to postoperative 
anesthesia care unit (PACU, newer term for 
recovery room) without oxygen and reluctance to 
give oxygen in postoperative period. Therefore all 
patients in PACU must receive supplemental oxygen 
and continuous monitoring of oxygen saturation. 

To p revent complications in PACU vitals 
should be monitored every 5 minutes for first 15 
minutes and thereafter every 15 minutes in stable 
patients. 

MORTALITY 
Altho ugh majority of studies reports the 
perioperative incidence of death to be 1: 13,000-
15000 however the incidence of death exclusively 
related to anesthesia is rare (>I :100000). ln spite 

of this Death is the leading cause of claims as per 
American Society of Anesthesiologists (ASA) claim 
studies. Major factors responsible for perioperative 
death are increased age of the patient (odds ratio 
of death for >80 years vs.< 60 is 3.29), ASA status of 
the patient (odds ratio for ASA lll-Vvs. I-IT is 10.65), 
sex (female less prone for mortality, odds ratio as 
compared to males is 0. 77), nature of surgery ( odds 
ratio for major vs. minor surgery is 3.82). 

RESPIRATORY COMPLICATIONS 

HYPOXIA 
The common causes of hypoxemia seen in 
perioperative period are: 

Failure to lntubateNentilate 
Failure to intubate and not even able to ventilate 
is the worst nightmare for an anesthetist. A proper 
assessment of airway and readiness to face and 
handle such situation (See Chapter 5) can prevent 
this catastrophe. 

Pulmonary Aspiration of Gastric Contents 
Aspiration can occur any time in perioperative 
period . Although it is not always possible to 
prevent aspiration however it is still considered 
as preventable complication of anesthesia. 
Pulmonary aspiration is one of a major cause of 
death associated with anesthesia. Mortality after 
aspiration is 5-70% depending on the volume and 
pH of aspirated material and time interval between 
detection and management. 
Incidence: l in 3,000. 



Hydrodynamics of Regurgitation 
ormal in tragastric pressure is 5-7 cm H20 and 

regurgitation is prevented by the tone of lower 
esophageal sphincter (LES). 

A pressure of >20 cm H20 is requi red to 
overcome the competency of LES (below 20 cm 
H20 increase in intragas tric pressure reflexly 
increases the tone of LES) which can lead to 
regurgitation but in conditions like pregnancy, 
hiatus hernia which distorts the anatomy of LES, 
a pressure > 15 cm H20 can cause regurgitation 
of gastric contents. During anesthesia tone of 
cricopha1yngeal sphincter is also decreased which 
can lead to aspiration. 

Predisposing factors 
1. Full stomach: It is single most importan t factor 
2. Depressed level of consciousness. 
3. Conditions decreasing the tone of LES: 

Pregnancy (Acid aspiration in late 
pregnancy was described by Mendelson 
and is called it as Mendelson syndrome). 
The gravid uterus comp resses th e 
stomach leading to distonion of gastro-
esophageal angle making LES to become 
incompetent. 
Abdominal tumors, abdominal obesity, 
ascites, laparoscopy-increase intra-
abdominal pressure distorts gastro-
esophageal angle. 

• Hiatus hernia-LES is impaired in Hiatus 
hernia patient 
Presence of nasogasrric (Ryle's) tube 

Ryle's tube increases the chances of aspiration 
because of the following reasons: 

i. Presence of Ryle's tube decreases the tone 
of lower esophageal sphincter (which is 
the main protective mechanism). 

ii. Presence of Ryle's tube in pharynx 
stimulates vomiting. 

iii. It is impossible to completely evacuate 
the stomach with Ryles tube 

4. Drugs 
• Atropine/ Glycopyrrolate 

Opioids 
Thiopentone 
Sodium nitroprusside 
Dopamine 
Halothane 
Ganglion blockers 
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5. Conditions delaying gastric emptying: 
• Diabetes 

Hypothyroidism 
• arcotics 
• Pain 

Anxiety 
Anticholin ergics. 

Risk Factors 
Volume > 25 ml is the most important risk 
factor 
pH < 2.5. 
Solid particles. 
Therefore acidic sol id parti cles in large 

quantity(> 25 mL) will produce the most fulmi-
nant reaction. 

Signs and Symptoms 
Tachypnea, cough due to laryngospasm/ 
bronchospasm (in conscious patient) 
Tachycardia. 
Wheezing and crepitations. 
Cyanosis/ hypoxia: During general anesthesia 
aspiration is usually diagnosed by persistent 
hypoxia. 
X-ray chest shows infiltrates. 

Pathology 
Chemical trauma to bronchial and a lveolar 
mucosa and injury to vascular endothelium 
can cause exudative pneumonitis or pulmonary 
edema (ARDS). 

Segments of Lungs Involved in Aspiration 
See Chapter 1, page no. 4. 

Management 
Prevention 

Keep the patient nil orally as per recom-
mendations. 
Inh ibition of gastric acid secretion by H2 
antagonists like ranitidine, famotid ine night 
before surgery in patients who are at high risk 
of aspiration. 
Metoclopra.mide: It fa tens gastric emptying 
and increases the tone of LES. 
Neutralization of gastric content ( co increase 
the pH) by an tacids like sodium citrate. 
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Anesthetic management 
Full stomach or other high risk cases of 
aspiratio n posted fo r emergency surgery 
should be managed in the following way to 
prevent aspiration: 
- All high risk patients for aspiration 

must be premedicated with metoclo-
p ramide and ranitidine and/ or sodium 
citrate. 

- Regional anesthesia is p referred over 
general anesthesia. 
If there is slightest doubt of difficult 
intuba tion and situation permits (not 
life threatening emergency) then awake 
in tubation with topica l analgesia of 
upper airways is highly recommended 

- If general anesthesia is to be given, rapid 
sequence induction technique must be 
employed in the fo llowing manner: 

Preoxygenatio n with 100% oxygen fo r 
3-4 minutes is mandatory (in case of emergency 
4 deep breaths with 100% 0 2 can be used as an 
alternative to preoxygenation). 

Afte r preoxygenation induction is accom-
pl ish e d wi th ke tam in e or rhiopentone. 
Theoretically ke tamine is preferred because it 
maximally preserves pharyngeal and laryngeal 
reflexes but because of its side effects it is hardly 
used. Propofol maximally in hibit upper a irway 
re fl exes therefore not an optimal selection in 
patients vulnerable for aspiration. Succinylcholine 
(suxamethon ium) is given immediately afte r the 
ind uction agent [if suxam ethonium is absolutely 
contraindicated then rocuronium can be used 
as an a lte rnative agent]. Succi nylcholine and 
ketamine do increase the intragasLric pressure but 
no t above critica l (20 cm 1120 ) the refore can be 
safely used. 

As soon as the patient becomes unconscious 
the assistant applies the backward and downward 
pressure of 30- 40 Newtons (which is equivalent to 
8- 9 pounds) on cricoid cartilage (called as Sellick's 
maneuver) which compresses esophagus between 
assistant finger and vertebral column preventing 
aspiration as well as a ir leak into esophagus. 
Although the efficacy of cricoid pressure has been 
doubted by number of clinicians however its use is 
still recommended strongly. 

Ventilation with bag and mask is absolutely 
contraindicated because mask ventilation will lead 

to air leak in to stomach to ach ieve intragastric 
pressure above critical(> 20 cm H20 ). 

Since ventilation with mask is contraindicated 
therefore intu ba tion sho uld be done at the 
earliest. 

Cricoid pressure should be released only once 
cuff is inflated and the position of endotracheal 
rube is confirmed. 

Modified rapid sequence induction: It is the 
technique in which gentle positive pressure 
ventilation (inspirarory pressure <20 cm H20 ) with 
mask is given along with the crico id pressure. lt is 
required in the situations where delayed in tuba-
tion can put the patient at the risk of hypoxemia. 

Treatmen t of aspiration 
Immediately turnthe patient to one side with 
head low position. 
Do suction to preven t further aspiration. 
Tracheal suction may be sufficient in mild 
cases. 
Oxygen and continuous pos itive a irway 
pressure (CPAP) in conscious patient till the 
patient is maintaining the oxygen saturation. 
If saturarion is not maintained on CPAP then 
patient is put on mechanical ventilation . 
Antibiotics, b ro nchodil a tors, s te roids 
(doubtful and empirical role only). 

Decrease Inspired Concentration (FiO2) 

Decrease delivery of oxygen may be due to 
exhausted srores, leaks in central supply pipelines, 
ma ch ine and c ircuit, d iscon nect ions and 
malpositioned tubes. Use of oxygen analyzers 
(showing final delivered concentration of oxygen 
to patient) can prevent hypoxia due to decreased 
Fi02• In fact, use of oxygen analyzers is mandatory 
as per ASA task force guidelines. 

Hypoventilation 
Causes 
The usual cause of hypoventilation in intraopera-
tive period is inappropriate ventila tory setting or 
leaks in machine and circuit while in postopera-
tive period the usual cause of hypoventilation is 
the residual effect of anesthetic agents or muscle 
re laxants (inadequate reversal). Pain and splints 
in thoracic and upper abdominal su rgeries can 
cause significan t hypoventilation. 



Ventilation Perfusion (V/Q) Mismatch 
Ventilation perfusion abnormalities may occur 
because of atelectasis, pulmonary edema, 
pneumothorax or pulmonary embolism. Atelec-
lasis is the most common postoperative pulmonary 
complication. The most common cause of 
atelecrasis is the secretions. V/ Q mismatch 
caused by atelectasis is the most common cause of 
postoperative hypoxia. 

Early mobilization of rhe patient, physio-
therapy, incentive spirometry, and positive airway 
pressure by facemask are the effective strategies in 
treating atelectasis. 

Upper Airway Obstruction 
This may occur at induction or in postoperative 
period. 

Causes 
Tongue fall: This is due ro abolition of tone of 
genioglossus muscle during anesthesia. 
Treatment 

Jaw is lifted upwards and forwards and 
head is extended. 
Oropharyngeal (Gudel)/ nasopharyngeal 
airways. 
Intubation. 

Secretions: Blood, mucous can irritate larynx 
producing /aryngospasm (glottic closure) and 
desaturation. Secretions are the most common 
cause of laryngospasm in anesthesia. 
Treatment 

Remove the secretions by suction. 
IPPV with bag and mask may relieve the 
laryngospasm in significant number of 
cases. 
If not re lieved with bag and mask 
ventilation, a small doses of succinyl-
choline (25-50 mg IV) should be given. 
Intravenous Xylocard should be given to 
preven t further laryngospasm. 

Kinking or blockage of endotracheal tube by 
secretions. 
Treatment: Remove secretions through suction 
or change the tube. 

Bronchospasm 
Light anesthesia (particularly in asthmatics), 
secret ions and noxious stimuli can induce 
bronchospasm. 
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Treatment 
Good depth of anesthesia. 
Bronchodilators. 
Light anesthesia during Lord 's (anal) 

stretching and cervical dilatation can initiate 
parasympathetic over activity causing laryngo-
spasm, bronchospasm, bradycardia and even 
cardiac arrest. This reflex is called as Breuer 
Lockhart reflex. 

Pulmonary Edema 
The causes of pulmonary edema in perioperative 
period may be cardiac failure, fluid overload 
(particularly in pediatric patients), transfusion 
related, aspiration, sepsis or negative pressure 
pulmonary edema due to upper airway obstruction 
(particularly la,yngospasm). 

The management of pulmonary edema 
includes continuing mechanical ventilation, 
diuretics, steroids, opioids, antibiotics and rhe 
treatment of the cause. 

Pulmonary Embolism 
Usually present in second week but can present 
with sudden onset from 2nd to 4th postoperative 
day. 

Signs and Symptoms 
Dyspnea, substernal discomfort/ chest 
pain, pleural pain, hemoptysis, tachycardia, 
increased CVP, hypotension, and Gallop 
rhythm. 
X-ray chest may show linear shadow, effusion 
or oligaemia if em bolus is large. 
ECG shows findings of right ventricular strain. 
Massive embolus may present as cardiac 
arrest. 

Treatment 
Prevention of deep vein thrombosis (DVT) by: 

Early ambulation. 
Pneumatic compression of calf muscles. 
Leg movemenrs in bed. 
Low dose heparin. 

For small embolus, anticoagulant may be 
sufficient. 

• For large embolus, streptokinase therapy 
should be instituted. 
For massive embolus, resuscitation followe d 
by surgical embolectomy may be considered. 



• SECTION S: General Anesthesia 

Pneumothorax 
This is a dangerous complication requmng 
immediate treatment. II is usually due to surgica l 
causes like rib resection, renal surgery however 
can occur after supraclavicular block. 

Other Causes 
Other rare causes of hypoxemia seen in periopera-
tive period may be carbon monoxide poisoning 
(desiccated soda lime with desflurane), merhemo-
globinemia (Nitroglycerine infusion), cyanide 
poisoning (Sod ium nitroprusside infus ion), 
diffusion hypoxia (nitrous oxide) and shock. 

HYPERCARBIA 
Causes 

Hypoventilation 
Increased airway resistance (bronchospasm). 
Exhausted sodalime. 
Increased production like in mal ignant 
hyperthermia and thyrotoxicosis. 

Treatment 
Rectify the cause. 

HYPOCAPNIA 
It is almost always due to hyperventilation. 

COUGH/HICCUPS 
Usually occurs due to light anesthesia. 

CARDIOVASCULAR COMPLICATIONS 

HYPERTENSION 
Interestingly, it has been observed that postopera-
tive hypertension and tachycardia are more 
responsible for unplanned ICU admission and 
carries higher morbidity and mortality than 
hypotension and bradycardia. 
Causes of hypertension: 
In int raoperative period die usual causes are: 
• Light anesthesia. 

Response to laryngoscopy and intubation. 
Hypercapnia. 
Drugs like ketamine. 
Undiagnosed pheochromocytoma. 

ln postoperative period the usual causes are: 
Pain. 

llypercapnia. 
Full bladder. 
Emergence de lirium. 

CARDIAC ARRHYTHMIAS 
Although, any a rrhyth mia ranging from sinus 
arrest to ventricu lar fibrillat ion may occu r 
in perioperative period however the most 
common arrhythmia seen in perioperative period 
is tachycardia. The most common cause of 
tachycardia in intraoperative period is inadequate 
depth of anesthesia and in postoperative period is 
pain and anxiety. 

Treatment 
Increasing the depth or treating dle pain should 
settle the tachycardia. If nor (or is due to other 
cause) then it should be treated with esmolol. 
If esmolol is not available then labetalol is used. 
Other drugs which can be used a re metoprolol, 
propranolol ( usually avoided because it is not beta! 
selective and can have S/ E like bronchospasm 
however is recommended for specific cases), 
verapamil (can cause hypotension and conduction 
block with inhalational agents but these concerns 
are only theoretical). 

HYPOTENSION 
The most common cause of hypotension in 
perioperative period is intravascular volume 
depletion which could be because of excessive 
blood and fluid loss (particularly in major GI 
surgeries) or inadequate volume replacement. 
Other causes may be (but not limited to) third 
space (extravascular) fluid transfer occurs as 
a response to surgery and anesthesia effect of 
anesthetic drugs (majority of anesthesiaagents are 
vasodilators), anesthetic techniques (spinal and 
epidural), cardiac event/arrhythmias, transfusion 
reaction and sepsis or anaphylactic reactions. 

Prevention 
Surgeon to achieve adequate hemoscasis 
Controlled hypotension: Controlled hypo-
tension is the technique of deliberately 
reducing the blood pressure to decrease intra-
operative bleeding. Controlled hypotension 
is usually employed for the surgeries where 
excessive blood loss is expected or when 



blood is not available or cannot be given due 
to religious reasons like Jehovah's convention. 

Defi11ition: In a person with normal blood 
pressure no organ dysfunction occurs 
if blood pressure is maintained withi n 
the limits of autoregulation, i.e. if mean 
arterial pressure is maintained between 
50-65 mm Hg. Therefore, for a patient 
with normal BP controlled hypotension 
means reduction of mean arterial pressure 
to 50-65 mm Hg however reducing BP 
to such low levels may not be tolerated 
by hypertensive patients. That's why 
the best clinical definition of controlled 
hypotcnsion is to reduce the blood 
pressure by one-third of preo perative 
value. Continuous measurement of BP by 
invasive BP monitoring is mandatory. 
Techniques: Although agents used in GA 
(inhalational agents, propofol, opioids), 
technique, i.e. positive pressure ventila-
tion (by decreasing the venous return) 
or spinal / epidural causes hypotension 
however up to a certain limits. Therefore, 
to produce controlled hypotension short 
acting vasodilator especially nitroglycerin 
as continuous infusion is the most 
commonly used to produce controlled 
hypotension. The concern to produce 
methemoglobinemia by nitroglycerine 
is very rare and can be treated with 
methylene blue. Sodium nitroprusside 
(SNP) used in past in not preferred now 
a days due to the possibility of cyanide 
toxicity. 
Others agents which can be used to 
produce controlled hypotension are 
a -blockers, B-blockers (however a + 
B-blocker, i.e. /abetalol is most pre-
ferred now a day), calcium channel 
blockers (nicardipine, clevidipine) and 
Dexmedetomidine. 

Contraindications: Patients suffe ring from cere-
brovascular disease, coronary artery disease, 
and severe anemia may not be able to tolerate 
hypotension. 

Risks: Usually if BP is maintained within the limit 
of autoregulation there should not be any organ 
ischemia however controlled h ypotension can 
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produce devastating complications like myocardial 
ischemia, cerebral infarct, cord ischcmia leading 
to paraplegia, hepatic and renal necrosis or even 
blindness. In fact, due to the possibility of these 
complications many anesthesiologists avoid 
controlled hypotension as far as possible. 

Treatment 
Adequate fluid infusion. 
Vasopressors and inotropes. 
Treatment of the cause. 

MYOCARDIAL ISCHEMIA 
Surgery and anesthesia are stressful condition s 
which can precipitate Ml in susceptible indi -
viduals. The life time risk of re-infarction in a 
known patient of MI is 6%. 

Treatment includes oxygen, morphine, nitro-
glycerine, inotropes, thrombolytic therapy and 
intra-aortic balloon counterpulsations. 

CARDIAC ARREST 
More than 80% of cardiac arrest occurs at Lhe time 
of induction. lhe common causes of cardiac arrest 
are inability to venti late, side effects of anesthetic 
agents like severe hypotension with inhalationaJ 
agents or bradycardia proceeding to asystole after 
succinylcholine and anaphylaxis. 

NEUROLOGICAL COMPLICATIONS 

CONVULSIONS 
May occur due to: 

Hypoxia. 
Drugs like local anesthetics, methohexitone, 
enflurane, sevoflurane and atracurium/ 
cisatracurium 

• Cerebrovascular accidents. 

Treatment 
Maintain airway and anticonvulsants. 

DELAYED RECOVERY 
Delayed recovery (which means patient nor 
regaining consciousness within 30- 60 minutes 
after discontinuing anesthesia) is the most 
common CNS complication and is usually due to 
the residual effect of anesthetic agents. Most often 
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the patient recovers spontaneously however if the 
patient does not exhibit the signs of recovery after 
considerable time he/ she should be investigated 
for other causes of de layed recovery like 
electrolyte imbalance, acid base abnormalities, 
metabolic abnormalities like hypoglycemia or 
cerebrovascular accident. 

AWARENESS (INADEQUATE AMNESIA) 
Incidence is < 1 % however very important from 
medico legal point of view. Most common type is 
auditory. 

Methods to Prevent Awareness and 
Recall of Events 

Premedication with benzodiazepines 
(produce anterograde amnesia). 
lnhalational agents (all inhalational agents 
are very good amnestic agents except nitrous 
oxide) 
Therefore awareness usually occurs when 

oxygen, nitrous oxide and opioids are used for 
maintenance of anesthesia. 

AGITATION, DELIRIUM AND 
EMERGENCE EXCITEMENT 
The common causes of agitation are pain and 
full bladder. Emergence excitement is a transient 
confusional state usuaJly seen in children at the 
emergence from general anesthesia. It should not 
be confused with Delirium which is often because 
of the side effect of drugs like ketamine. 

Treatment 
Treat the cause. 
Midazolam. 

POSTOPERATIVE COGNITIVE 
DYSFUNCTION 
The in ciden ce o f posto perative cogmt1ve 
dysfunction (POCD) at 1 year after cardiac surgery 
is 20% to 40% and 4-10% after noncardiac surgery. 
It is more common in old age. The possible causes 
may be cerebral microemboli (atheroma, far, 
platelet aggregates, and air), brain cell damage 
caused by toxic substances (like general anesthesia 
drugs) or hypoxia or surgery-induced release of 
hormones and inflammatory mediators. 

PERMANENT BRAIN DAMAGE 
Due to prolonged hypoxia following cardiac 
arrest, prolonged hypotension, cerebrovascular 
accidents, raised ICT. 

CRANIAL NERVE PALSIES 
If trielene is used with closed circuit. 

EXTRAPYRAMIDAL SIDE EFFECTS 
Seen with neuroleptanalgesia (droperidol + 
fentanyl). 

PERIPHERAL NEUROPATHIES 
Although the overall incidence of neuropathies 
is less ( <l %) but they represent the 2nd most 
common cause of claims as per American Society 
of Anesthesiologists (ASA) Closed Claims studies. 
As per the recent close claim studies Brachia/ 
plexus injuries are the most common postoperative 
nerve injury associated with general anesthesia 
followed by ulnar nerve. However after regional 
anesthesia lumbosacral nerve roots are most 
commonly involved nerves followed by spinal 
cord injury. When combined (GA+RA) spinal cord 
injury becomes the most common injury followed 
by brachia! plexus. 

Causes 
• Faulty position leading to compression of 

nerve 
Direct injection of drug in nerves during 
blocks. 
Prolonged hyporension leading to ne rve 
ischemia 
Direct neurotoxicity of local anesthetics 
Tourniquet palsies: Pressure in tourniquet 
should not exceed more than 100 mm I lg above 
systolic pressure (maximum 250 mm ITg) and 
duration as per current recommendations 
should not exceed more than 2 hours for both 
upper and lower limb. 

GASTROINTESTINAL COMPLICATIONS 

POSTOPERATIVE NAUSEA AND 
VOMITING 
The incidence of postoperative nausea and 
vomiting (PONY) is 20% to 30% making it as the 



second most common complain after pain in 
postoperative period. 

Risk Factors 
• Female gender: Three times more vulnerable 

than males 
• General anesthesia: Patient given GA has 4 

times more incidence of PONY than patients 
who received regional anesthesia. The most 
common reason may be opioids. 
Type of the surgery: Surgeries like middle 
ear surgeries, strabismus surgery, laparo-
scopies and adenotonsillectom ies can 
have incidence of nausea, vomiting as high 
as 30-40%. 
Young age: The incidence of PONV is much 
higher in adults as compared to old age 
Nonsmokers: For unknown reasons non-
smokers a re 1.8 times more vulnerable than 
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RENAL COMPLICATIONS 

Renal function maybe impaired duetohypotension 
or nephrotoxic anesthetics like methoxyflurane. 

HEPATIC COMPLICATIONS 

Hepatic functions may be impaired due to 
hypotension or hepatotoxic anesthetics like 
haJothane. 

PAIN 

As per the recent close claim studies pain is the 
most common complication is postoperative 
period. For details of postoperative pain manage-
ment see Chapter 39, page no. 270. 

smokers to have PONV. THERMAL PERTURBATIONS 

Treatment 
Serotonin antagonists (Ondansetron, grani-
setron) remains the drugs of choice for treatment 
as well as prophylaxis for PONV. Interestingly 
all are equally effective at equipotent doses. 
Metoclopramide-. It is the preferred antiemetic 
for the conditions associated with high 
incidence of aspi ralion. 
Dexamethasone: Dexamethasone is long 
acting and studies suggest its efficacy similar 
to ondansetron 
Aprepitant: It is a neurokinin receptor 
antagonists. It is very effective antiemetic 
however its cost restricts its use. 

• Transdermal scopolamine: Useful for pre-
venting nausea and vomiting in high risk 
patients if applied a night before or early in the 
morning on the day of surgery. 
Droperidol: The serious side effect, i.e. QT 
prolongation which can precipitate torsade 
pointes has not only lead to withdrawal of this 
drug from use but also has put Droperidol in 
black box warning by FDA. 
Usually one antiemetic is sufficient to treat 

PONV, however if patient is not responding then 
as a rule antiemetic from another class should be 
chosen. 

HYPOTHERMIA AND SHIVERING 
Hypothermia is the most common thermal 
perturbation seen in anesthesia. For details of 
hypothermia see Chapter 6, page no. 66. 

Shivering occurs as a protective mechanism 
to hypothermia. 0 2 consumption may increase to 
4 times ( 400%) [100 to 600% depending on heat 
loss during surgery] during shivering. Therefore, 
oxygen supplementation during shivering is 
mandato1y. 

Shivering can be abolished by inhibition of 
hypothalamus. Most commonly shivering is seen 
after halothane. 

Treatment of Shivering 
Pethidine is the drug of choice. 
Tramadol is 2nd drug of choice after pethidine 
Other drugs which can be also be used a re 

alpha 2 agonise (clonidine, dexmedetomidine), 
butorphanol, chlorpromazine, physostigmine, 
magnesium sulfate, ketanserin and propofol. 

HYPERTHERMIA 
Causes of Hyperthermia in Anesthesia 

Hypermetabolic states like thyrotox:icosis and 
pheochromocytoma. 
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ieuroleptic malignant syndrome due to 
phenothiazines. 
Drug induced like atropine, pethidine, MAO 
inhibi tors, t ricyclic antidepressants and 
amphetamines. 
Injury to hypothalamic temperature regulatory 
centers. 
Malignant hyperthermia (MH). 

MALIGNANT HYPERTHERMIA 
Malignant hyperthermia (MH) is the clinical 
synd rom e associa ted with high morta lity 
( 4%), seen during general anesthesia in which 
the re is rapid rise in temperature, as high as 
1°C/ 5 min. 

Etiology 
It is due to abnormalityoftype I Ryanodine receptor 
(RYRl) which is calcium releasing channel of 
sarcoplasmic reticulum. The abnormality leads to 
excessive accumulation of calcium in sarcoplasmic 
retinaculum which causes sustained contraction 
of muscle. It is a genetic d isease usually autosomal 
dominant but can be recessive also. 

Associated risk factors: 
Conditions like Duchenne muscle dystrophy, 
arthrogryposis multiplex congen ita, osteo-
genesis imperfecta, congeni tal strabismus, 
central core diseases. 
Patient with history of neuroleptic malignant 
syndrome are susceptible of MH (but not vice 
versa) 
Children are more prone as compared to 
adults 
Positive fa mily history of malignant hyper-
thermia 
Patients who develop masseter spasm after 
succinylcholine are more prone to develop 
malignant hyperthermia. Al though the 
correla tion is not absolu te but has strong 
asso ciation the refore these patients must 
be observed carefully for signs of malignant 
hyperthermia. 

Incidence 
I in 15,000 for pediatric and 1 in 40,000 for adults 
patients given GA with volatile anes thetics and 
succinylcholine. It is more common in males as 
compared to females. 

Causative Agents 
Muscle relaxant: Succinylcholine is the most 
commonly implicated drug. 
In halationaJ agen ts: 

Halothane is the most commonly implicated 
inhalational agent. Others are: 

lsoflurane 
- Enflurane 

Desflurane 
Sevoflurane 
Methoxyflu rane 
Cyclopropane 
Ether 

Other drugs (probable triggering agents): 
Tricyclic antidepressants, Monoamine oxidase 
(MAO) inhibitors and phenothiazines. 
Lignocaine, which used to be considered 
as weak triggering agent, is now a days not 
considered as triggering agent 
Exercise, heat-stroke, excessive excitement 
and statins as potential triggers for malignant 
hyperthermia episode continues to be 
debated. Malignant hyperthermia induced 
by these factors is called as non-aneslhetic or 
awake malignant hyperthermia. 

Clinical Features 
Due to increase muscle metabolism and activity 

1-fyperthermia (tempera ture may rise to more 
than l 09°F). Hyperthermia is the most important 
sign in diagnosing MH but unfortunately it 
is a late sign. The heat production is due to 
increased muscle metabolism (both aerobic 
and anaerobic), glycolys is and hydrolysis 
of high energy phosphates involved in the 
process of contraction-re laxation. 
Increased end tidal CO2 (ETCO2): This may 
rise to more than 100 mm Hg (normal 32-
42 mm Hg). Rapid increase in end tidal CO2 
is the most sensitive early sign of malignant 
hyperthermia. 
Hypoxia, cyanosis and decrease in mixed 
venous oxygen saturation (due to increased 
oxygen consumption) 
Severe metabolic acidosis (pH < 7.0). 
Massete r spasm 
Hyperkalemia, muscle rigidi ty, increased c re-
atinine phosphokinase, increased myoglobin, 
myoglobinuria 



Renal failure, DIC, pulmonary and cerebral 
edema. 
Death: Hyperkalemia induced ventricular 
fibrillation is the most common cause of death
in malignant hyperthermia. 

Due to sympathetic stimulation 
Tachycardia, hypertension, cardiac arrhy-
thmias. 

Treatment 
Specific: Dantrolene, 2 mg/ kg to be repeated every 
5 minutes to a maximum of 10 mg/kg. Dantrolene 
should be continued l mg/kg every 6 hourly for 
next 24 hours as chances of recurrence is 50%. 
Danrrolene directly binds to ryanodine receptor 
inhibiting calcium release. 

General measures: 
Stop the triggering anesthetic (inhalational 
agent) immediately and change Lhe circuit as 
some residual agent may be present in circuit. 
Hyperventilation with 100% oxygen to wash 
out CO2• 

• Control temperature by: 
- Ice cooling. 

Ice cold saline. 
Correct acidosis 
Because ventricular fibrillation is the most 
common cause of death therefore correction 
ofhyperkalemia should be done on priority. 
Myoglobin by blocking renal tubules may 
cause renal failure therefore maintain urine 
output from the beginning. 

Screening/Evaluation of 
Suspected Individuals 
The patients who have associated risk factors 
(described above) should be evaluated by the 
following protocol: 

All high risk patients (particularly with 
history of malignant hyperthermia in close 
re lative) must undergo blood creatinine kinase 
(CK} levels. Patients with elevated CK levels in 
normal resting conditions should be managed 
as susceptib le and do not require further 
testing. 

Patienrs with normal CK levels should undergo 
muscle contracture test. In this test a muscle biopsy 
is taken and subjected to Halothane and caffeine 
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to see the pathological changes of malignant 
hyperthermia. Lf muscle biopsy studies are negative 
then only the patient can be considered non-
susceptible. Muscle conlracture test is considered 
as gold standard test for diagnosing susceptibility 
Lo malignant hyperthermia. 

Anesthesia for Patients Susceptible for 
Malignant Hyperthermia 

Local or regional anesthesia is preferred over 
general anesthesia. 
Safe drugs for general anesthesia are 
barbiturates, propofol (propofol can delay or 
prevent malignant hyperthermia}, narcotics, 
benzodiazepines, nitrous oxide, non-
depolarizing muscle relaxants (can delay or 
prevent malignanr hyperthermia). 
Mild hypothermia is beneficial 
Must be kept in recovery room for 4-6 hours 
Must be instructed to avoid heat as these 
patients are very prone for heat stroke. 

Differential Diagnosis of 
Malignant Hyperthermia 
• Neurolept malignant syndrome (NMS) 

The important differentiatingfeatures are: 
History of intake of antidopaminergic 
drugs (like phenothiazines or meto-
clopramide) or missing the intake of 
levodopa in Parkinson patient 
Rise in CO2 and muscle rigidity are slow 
and in proportion to rise in temperature. 
(While in MH, CO2 rise is disproportio-
nate and very rapid) 
As neuromuscular junction is normal, 
muscle rigidity can be reversed with 
nondepolarizing muscle relaxants 
while in malignant hyperthermia due to 
abnormality at neuromuscular junction it 
is not possible to reverse muscle rigidity 
by nondepolarizers. 

Thyrotoxicosis: Other than history of hyper-
thyroidism and proportionate rise in C02, 
hypokalemia is the most important distin-
guishing feature. 
Other differential diagnoses are pheochro-
mocytoma, sepsis or drug induced hyper-
thermia. 
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ANAPHYLACTIC/ANAPHYLACTOID 
REACTIONS 

Incidence: 1 in 10,000. 
Anaphylactic reaction can occur with any 

of the drug used in perioperative period except 
inhalational agents. 

The most common cause of anaphylaxis is 
muscle relaxants (60- 70%) followed by latex 
allergy (12%) and then antibiotics (8-10%). Among 
muscle relaxants, maximum incidence is with 
rocuronium to be followed by suxamethonium. 

During anesthesia cardiovascular signs 
(tachycardia, hypotension) and cutaneous (rash, 
angioedema) are more imponant than respiratory 
manifestations (laryngospasm, bronchospasm) in 
the diagnosis of anaphylactic reactions. 

Treatment 
Maintenance of airway (if laryngeal edema or 
bronchospasm develops). 
Adrenaline is the mainstay of treatment. 
Doses: 0.5- 1 mg of 1: I 000 intramuscularly 
o r subcutaneously (Jess preferred due 
to poor absorp tion). In life-threatening 
situations, 1:10,000 adrenaline can be given 
by intravenous route in doses of l microgram/ 
kg to a maximum of l mg (usually 50-100 
mcg for adult). If rv route is not accessible 
than it can be given through intra-tracheal or 
lntraosseous route. 
Steroids (hydrocortisone). 
Histamine antagonist like diphenhydramine. 

COMPLICATIONS OF DIFFERENT 
POSITIONS 

LITHOTOMY 
Functional residual capacity and vital capacity 
decreases by approx. 20% increasing the V/ Q 
mismatch. 

• Nerve injuries: 
- Common pcroneal nerve (compressed 

be tween head of fi bul a and bar)-
Common peroneal neuropathy is the most 
common neuropalhy of the lower limb 
Saphenous nerve (pressure over medial 
condyJe) 

Femoral nerve (Due to angulation of 
thigh) 
Obturator nerve 

Muscle injury: 
Compartment syndrome (due to extreme 
tightening of straps). 

Increased cardiac load due to increased 
venous return. 

TRENDELENBURG 
Increased central venous press ure and 
increased card iac load due to increased 
venous return. 
Decreased viral capacity and function residual 
capacity (FRC) by 15-20%. 
Increased intraocular and intracranial 
pressure, venous congestion of face and 
cerebral hemorrhage due to decrease venous 
return from head and neck area. 
Lingual and buccal neuropathy. 

SITTING 
Spinal cord ischemia and quadriplegia can 
occur due to extreme flcxion of neck. 
Brachia/ plexus injury: Weight of arm during 
general anesthesia can stretch the brachia! 
plexus. 
Femoral and obturator nerve injury due to 
extreme angulation at thigh. 
Venous air embolism (for details see Chapter 
27, page no. 226). 

LATERAL AND PRONE 
Transient Horner syndrome. 
Brachia( plexus injury. 
Companment syndrome of hand. 
Spinal cord ischemia (due to extreme 0exion 
of neck). 
Breast injury. 
Genitalia injury. 
Radial and ulnar nerve injuries. 
Jschemic optic neuropathy. 

OCULAR COMPLICATIONS 

Exposure keralitis (Corneal abrasion) is a common 
compli cation of general anesthesia if eyes 
remain open (because or loss of blinking reflex). 
To prevent keratitis artificial tears/eye ointment 
should be instilled and eyes should be covered 
with eye pads. 



Ischemic optic neuropathy (due to severe 
hypotension or pressure on eyes in prone position) 
is rare but dreadful complication leading to 
blindness. 

FIRES AND ELECTRIC HAZARDS IN 
OPERATION THEATER 
There are three prerequisites for a fire (the triad 
of fire): Ignition source, fuel and an oxidizer (gas 
supporting combustion). 
l. Ignition source: The ignition source may be 

Caute,y-Responsible for 68% of fires. 
Laser- Another important source for 
fi res. 
Electric sparks and short circuits. 
Maximum leakage allowed in operation 
theater is 10 µA. These may occur through 
plugs, monitors, suction machines, etc. 

- Static electricity: This can be a cause of 
fire hazard in anesthesia. Static current 
is produced when two dissimilar surfaces 
come in contact and gel separa ted, so 
walking, movement of machine and 
trolleys can produce static current. Gas 
flow (especially oxygen) through circuits 
and machine can generate static current 
and if there is short circuit exp losions 
can occur. Nylon and woolen clothing of 
patient can produce static current. 

- Other sources like fiberoptic illuminators, 
defibrillators, etc. 

2. Fu el: Anything which catches fire like 
endotracheal tubes, laryngeal ai rway, 
antiseptic solutions, etc. Silicone is most 
resistant to fi re followed by PVC while red 
rubber tubes are most vulnerable to catch fire. 

3. Oxidizer: Both oxygen and n itrous oxide 
support combustion. 
The fire and explosion can take very bad 

shape if an inflammable agent like Ether and 
Cyclopropane is used. Although these agents are 
no more used however if u ed then cautery should 
be avoided and if that is not possible then caurery 
should be at least 25 cm away from the agent. 

PRECAUTIONS TO PREVENT 
FIRE AND BURNS 

Earthing (grounding): Proper grounding of all 
electrical equipment is mandatory. 
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Electric wiring of Operation Theater should 
be leak proof. 
Use of isolation transformers. 
Grounding (patient plate) of diathermy: Proper 
use of diathermy plate is must to prevent 
burns to patient. It should be applied over 
large muscle mass (like gluteus muscle), as 
near as to surgical site and away from ECG 
electrodes. Ir should not be applied over bony 
prominences, scar tissue or meta l prosthesis 
and do not reuse the pad. 
Prefer bipolar cautery wherever possible 
Precautions during laser surgery: 

Use laser resis tant tubes or apply 
protective covering like a luminum or 
copper tapes over tubes 

- Fill the cuff of endotracheal rube with 
water instead of air and use minimum 
concentration of oxygen 
Everyone in OT should wear protective 
eye shield during laser surgery. 

Measures to decrease static current: 
Conductive flooring. 
Every person in theater should wear 
rubber soled shoes. 

- Tyres of anesthesia machines, trolleys, 
OT tables should be made up of antistatic 
rubber. 
Breathing circuits, face mask (can cause 
facial burns) should be made up of 
antistatic rubber ( which is made antistatic 
by addition of carbon). 

- Silk, nylon and woolen clothing of patient 
is not permitted in OT. 
Humidity should be more than 50% (static 
current is generated more in dry air). 

Smoking, lighters should not be allowed in and 
around operation theater. 

• Over heating of bulbs, endoscopes should not 
be allowed. 

OCCUPATIONAL HAZARDS 
The additional occupational hazards to anesthe-
tists are-

Higher risk of exposure to anes thetic agents 
Increase chances of acqui ring infectious 
diseases like HIV, hepatitis Band C 
More vulnerability to substance abuse (due 
lo easy availability, work stress and more 
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adventurous nature)-Drug related death 
odds ra tio of anesthetists as compared to 
physicians is 2.87. 

DISCHARGE CRITERIA FROM 
POSTANESTHESIA CARE UNIT 
The criteria vary depending whether patient is 
discharged to ICU, ward or home. Although there 

KEY POINTS 

are many recovery scores but the most popular are 
ALDRETE score ( which includes color, respiration, 
consciousness level, circulation and activity level) 
and postanesthes ia discharge scoring system 
(PADS). 

• Maximum complications are reported in maintenance period however more than 80% of cardiac arrest occurs 
at the time of induction 

• Postoperative respiratory depression has been cited as the most common cause of anesthesia related death in 
perioperative penod. 

• Death is the leading cause of claims as per American Society of Anesthesiologists (ASA) cla,m stud.es. 
• Aspiration is considered as preventable complication of anesthesia. 
• Full stomach is the single most important predisposing factor for aspirat ion. 
• Rapid sequence induction technique must be employed for giving GA to the patients who are at high risk of 

aspiration. 
• Atelectasis is the most common postoperative pulmonary complication and the most common cause of 

atelectasis is secretions. 
• Use of oxygen analyzers 1s mandatory as per ASA task force guidelines. 
• Secretions is the most common cause of laryngospasm in anesthesia. 
• Postoperative hypertension and tachycardia are more responsible for unplanned ICU admission and carries 

higher morbidity and mortality than hypotension and bradycardia. 
• Tachycardia is the most common arrhythmia seen in perioperative period. 
• The most common cause of hypotension in perioperative period is intravascular volume depletion. 
• Nitroglycenn as continuous infusion is the most commonly used agent to produce controlled hypotension. 
• Anesthet c drugs which can cause convulsion are-Local anesthetics, methohexitone, ennurane, sevoflurane 

and atracurium/cisatracurium. 
• Delayed recovery is the most common CNS complication. 
• Brachia! plexus injuries are the most common postoperative nerve injury associated with general anesthesia 

followed by ulnar nerve. However after regional anesthesia lumbosacral nerve roots are most commonly 
involved nerves. 

• Ondansetron/Granisetron remains the drugs of cho,ce for treatment as well as prophylaxis for postoperative 
nausea and vomiting. 

• Pain is the most common complication 1s postoperative period. 
• Hypothermia is the most common thermal perturbation seen in anesthesia. 
• Succinylcholine is the most commonly implicated drug while halothane 1s the most commonly implicated 

inhalational agent for causing malignant hyperthermia. 
• Hyperkalemia induced ventricular fibnllation is the most common cause of death 1n malignant hyperthermia. 
• Propofol and non-depolarizing muscle relaxants can delay or prevent malignant hypenhermia. 
• Muscle relaxants are the most common cause of anaphylaxis followed by latex allergy. 
• Cautery is responsible for 68% of fires seen in OT. 
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CHAPTER 15 

First local anesthetic (LA) used in clinical practice 
was cocaine by Carl Koller for anesthetizing the 
cornea. 

CLASSIFICATION 
Local anesthetics are classified on the basis of 
chemical structure and duration of action. 

Based on Chemical Structure 
Chemically local anesthetics consist of a benzene 
ring separated from tertiary amide either by ester 
or amide linkage. Based on this intermediate 
chain they are classified as aminoesters and 
aminoamides. 

Aminoesters 

• Procaine 

• Chloroprocaine 

• Tetracaine 
(Amethocaine) 

• Benzocaine 

• Cocaine 

• Esters are metabolized 
by pseudocholinesterase 
(except cocaine which is 
metabolized in liver) 

• High incidence of 
allergic react ions due to 
para aminobenzoic acid. 

• Solutions are not stable 

Aminoamides 

• Lignocaine 

• Mepivacaine 

• Prilocaine 

• Bupivacaine 

• Etidocaine 
• Ropivacaine 

• Amides are metabolized 
primarily in l iver 

• Low incidence of allergic 
reactions 

• Solutions are so stable 
that not destroyed even 
by autoclaving 

Local Anesthetics 

Based on Duration of Action 
Short duration (15-30 minutes) 

Chloroprocaine: Shortest acting local anesthetic 
Procaine 

lntermediate duration (30-90 minutes) 
Lignocaine 
Mepivacaine 

• Prilocaine 
Cocaine 

Long duration (2-3 hours) 
• Bupivacaine. 

Levobupivacaine 
Ropivacaine. 
Tetracaine (Amethocaine). 

• Etidocaine. 
Dibucaine: Longest acting local anesthetic. 

Other Drugs with Local Anesthetic 
Properties 
Opioids 
Pethid ine: Patients h ypersensit ive to local 
anesthetics can be given pethidine in place of local 
anesthetics. 

Buprenorphine: Because of its local anesthetic 
properties it is frequently used to supplement the 
effect of local anesthetics For nerve blocks. 

Tramadol: Although weak but tramadol do have 
local anesthetic properties. 

Methoxyflurane 
The droplets o f methoxyOurane has got local 
anesthetic properties. 

j 
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Newer Formulations/Formulation Under 
Research 

Synera (S-Caine) is a combina tion of 
Lignocaine and Tetracaine that has h eating 
element to enhance d1e onset 
Depot formulations: Depot formulations have 
been synthesized to prolong th e duration of 
local anesthetics. Exparel has recently been 
approved in U.S. for infiltration analgesia (but 
not for nerve block). Posidur, anothe r lipid 
depot formulation is s till under clinical trials 
Liposom al e n caps ula t ion of t h e loca l 
anesthetics can prolong the block. 

MECHANISM OF ACTION OF LOCAL 
ANESTHETICS {FIG. 1 S. 1) 
Local anesthe tics are deposi ted a ll around the 
ne rve. Drug in undissociated (nonionized) form 
penetra tes the axonal m embrane. Once inside it 
gets dissociated (ionized). It is this dissociated 
(ionized, protonated, cationic or uncharged) form 
which binds to sodium channel (alpha subunit) 
from inner side, blocking the channel, preventing 
depolarization and action poten tial. Alth ough 
local anesthetics can block sodium channel in any 
state however activated channels (positive resting 

H+ {local anesthetic 
Axonal in undissociated form) 

membrane 

Na+ 
local anesthetic +-(!l)+H+ channe l 

in dissociated form L____J' 
t 

Local anesthetic in 
dissociated form blocks 

sodium channel 
from inside 

Fig. 15.1 : Mechanism of action of local anesthetics 

• Table 15.1: Classification of nerve fibers 

A 

B 
C 

Subclass 
a 

B
gamma
delta

C (sympathetic) 
C (dorsal root) 

Myelin 

+ 
+ 
+ 
+ 

Mixed 

membrane potential) are more easily blocked as 
compared to inactivated channels (zero resting 
m embrane pote ntial) which in turn a re more 
se nsitive than resting sta te chan nel (negative 
resting membrane potential). 

Recent studies have proven that local anesthetics 
110 1 only acl on sodium channels, but also block 
potassium and calcium channels in a manner that
hypokalemia and hypercalcemia can antagonize 
the effect of local anaesthetics They are also found 
to block N-methyl-D-asparate (NMDA) receptors. 

GENERAL CONSIDERATIONS IN ACTION 
OF LOCAL ANESTHETICS 
Sensitivity of Nerve Fiber to 
Local Anesthetics 
Based on fiber d iam eter the ne rve fibers are 
classified as type A, B and C; A being the thickest 
and C the thinnest (Table 15.1) . 

Two major factors which de termine the 
sensitivity of nerve fibers to local anesthetics are 
fiber diame ter and myelination. Thin diameter 
fibers are more sensitive than thick diam eter fibers. 
As myelinated fibers are covered by nerve sheath 
and local anesthetics need to block nodes of ranvier 
only therefore myelinated fibers are more sensitive 
than nonmyelinated. Considering both factors 
(and other also like physiological and anatom ic 
considerations) together it h as been seen tha t 
small myelinatedfibers (A gam ma and A delta) are 
the most sensitive to local anesthetic block followed 
by large myelinated (A alpha and A beta) and Lhen 
B (mixed, myelinated + nonmyelinated). Non-
myelinated C fibers are most resistant to the actions 
of local an esthetics. l herefore, it can be concluded 
that sequence of blockade is-A (Ay > Adelta > Aa = 
AB) > B >C. The traditional notion that thin fibers 
are most sensiti11e to the action of local anesthetics 
does not hold true in present day practice. 

Diameter Function 
6- 22 µ Motor, proprioception 
6-22 µ Motor, proprioception 
3- 6 µ Muscle tone 
1-4 µ Pain, touch, temperature 
< 3 µ Preganglionic autonomic 

0.3- 1.3 mc Postganglionic autonomic 
0.4- 1.2 µ Pain, touch, temperature 



In functional terms, in peripheral nerve blocks 
motor function is blocked earliest followed by 
sensory and then autonomic (motor > sensory > 
autonomic). However in central neuraxial blocks 
(spinal/ epidural) due to anatomical variations of 
mixed spinal nerve (autonomic on most outer side 
and motor on most inner side) the sequence of 
blockade is autonomic> sensory> motor. Sequence 
of recovery is in reverse order of blockade. 

Among sensory sensations sequence of 
blockade is pain > temperature (cold before hot) 
> touch > deep pressure > proprioception (except 
for central neuraxial blocks where temperature is 
blocked earlier than pain). 

Onset of Action 
Depends on number of factors like: 

Dose and concentration: Higher dose or higher 
concentration facilitates onset 
pKa: It is the pH at which a local anesthetic is 
50% ionized and 50% nonionized. Since local 
anesthetics are weak bases, agents with pKa 
closer to physiologic pH vvill have more drugs 
in nonionized form which can diffuse through 
axonal membrane enhancing the onset. That is 
why lignocaine with lower pKa of 7.8 has fast 
onset as compared to bupivacaine with higher 
pKa of8.l. 
Addition of sodabicarbona/e: As local 
anesthetics are bases, adding soda bicarbonate 
will prevent ionization making more drug 
to be available in nonionized form to cross 
the axonal membrane. On the other hand in 
ischemic ti ssue (like abscess) acidic pH wiU 
ionize the drug, delaying the onset of action 

• Type of nerve fiber: A fibers are blocked earlier 
than B which are blocked earlier than C 
Frequency of nerve stimulation: Since activated 
channels are blocked more easily, a stimulated 
nerve will be blocked earlier as compared to 
nonstimulated nerve. This kind of block by 
local anesLherics is called as use-dependent 
block. 

Duration of Action 
It depends on: 

Dose: Increased dose increases the duration. 
Pharmacokinetic profile of drug: It includes: 

Potency (lipid solubility): Potency, which 
correlates with lipid solubility, is directly 
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proportional to duration; more the 
potency, longer is the duration with the 
exception of chloroprocaine which in 
sp ite of having intermediate potency is 
shortest acting. 

- Plasma protein binding (a l acid 
glycoprotein): Agents with high protein 
binding like bupivacaine have prolonged 
action. 
Metabolism: Esters are metabolized by 
pseudocholinesterase and amides are 
metabolized in liver by microsomal 
enzymes therefore esters have shorter 
duration of action than amides. 

Addition of vasoconstrictors: Vasoconstrictors 
by decreas ing the systemic absorption 
increases the duration of action. The most 
commonly used vasoconstrictor is adrenaline 
in a concentration of 1 in 2,00,000 (l in 2 
lakhs). Adrenaline when added to Lignocaine 
increases the duration of both sensory and 
motor blockade while with bupivacaine 
only sensory block is prolonged. Other 
vasoconstrictors which can be used are 
phenylephrine (I in 20,000), noradrenaline 
and felypressin (octapressin), a synthetic 
derivative of vasopressin. 
Sodium bicarbonate: Addition of sodium 
bicarbonate not only enhances the onset 
but also increases the duration as carbon 
dioxide released from sodium bicarbonate 
metabolism enters intracellularly making 
the pH to become more acidic favoring more 
drug to be available in ionized form to bind 
Lo sodium channel. Interestingly addition of 
sodium bicarbonate by unknown mechanism 
decreases the pain of injection. 

Systemic Absorption 
It depends on: 

Site of injection: It is proportionate to the 
vascularity of the site of injection. Maximum 
systemic absorption has been seen after 
intercostal nerve block. 
Addition of vasoconstrictors: Addition of 
vasoconstrictor decreases the systemic 
absorption. 

Potency 
Potency directly correlates with Lipid Solubility. 
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Concentration minimum (Cm) is the minimum 
concentra tion of local anesthetic that will block 
nerve impulse conduction. It depends o n number 
of factors like: 

Fiber type and myelination 
pH: Acidic pl-I by causing ionization increases 
the Cm 
Frequency of nerve stimulation: As stimulated 
nerve will have more activa ted channels 
d1erefore wi ll need less Cm. 
Electrolyte: Hypokalemia and hypercalcemia 
antagonize the block. 
Adjuvants: Adjuvants like opioids (pethidine, 
buprenorphine, and tramadol) and a 2 agoni t 
enhances the effect of LA. Sodium channel 
blocker, neosaxitoxin as an adjuvant is under 
clinical trials. 
Progesterone increases the susceptibility of 
nerves to local anesd1etics the refore doses 
of local anesthetics should be decreased in 
pregnancy. 

Differential Block 
It depends on concentration. A drug at lower 
concentration will produce on ly sensory block 
while at higher concentration can produce motor 
block. 

Metabolism 
Esters are metabolized by plasma pseudo-
choli nesterase (except cocaine which is 
metabolized in liver) and amide by hepatic 
microsomal enzymes (except articaine, a local 
anesthe tic used in dentistry, is metabolized in 
plasma). Lungs can also extract significant amount 
of local anesthetics like prilocaine, lignocaine and 
bupivacaine. Due to poor water solubility of local 
anesthetics renal excretion of unchanged drug is 
only less than 5%. 

SYSTEMIC EFFECTS AND TOXICITY 
Toxicity is proportional to potency. Due to 
diversion of blood central nervous system (CNS) 
and cardiovascular system (CVS) toxicity of local 
anesthetics gets increased in shock. 

Central Nervous System 
The C S: CVS dose ratio for lignocaine is I :7 and 
for bupivacaine is 1:3 that means C S is involved 
at much lower doses as compared to CVS. 

As central nervous system is the first system 
involved in local anesthetic toxicity therefore initial 
signs and symptoms of local anesthetic toxicity 
are related to C S. Typical sequence is excitation 
followed bydepression of cerebral tissue (inhibitory 
neurons are more sensitive than excitatory 
neu rons). The common signs and symptoms 
are circumora l numbness, dizziness, tongue 
paresthesia, visual and auditory disturbances, 
muscle twitching, tremors, convulsions followed by 
coma and death. Convulsions as first presentation 
are quite common in local anesthetic toxicity. 

Treatment includes maintenance of adequate 
ventilation and oxygenation. Convulsion can 
be controlled by d iazepam/ midazolam or 
thiopentone. 

Cardiovascular System 
Electrophysiological effects of local anesthetics on 
cardiac tissue are decrease in rate of depolarization 
(main effect), effective refractory period and 
duration of action potential. 

All local anesthetics have negative inotropic 
action on myocardium, causes depression of 
conduction system (prolonged PR interval and 
increased duration of QRS complex). At very high 
doses they may block conduction of sinus node 
producing bradycardia or even sinus arrest. In 
addirion ro the above effects bupivacaine (and to 
lesser effect levobupivacaine and ropivacaine) can 
also produce ventricular arrhythmias. Therefore, 
either the isolated or combined actions like 
bradycard ia, decreased myocardial contractility, 
ventricular arrhythmias, hypotension can produce
cardiac arrest with local anesthetics. Management 
of cardiac arrest is immediate CPCR. 

At lower doses local anesthetics may act as 
vasoconstricrors by directly inhibiting nitric oxide 
but at clinically used doses all local anesthetics 
are vasodilators except cocaine, levobupivacaine 
and Ropivacaine which a re vasoconstrictor at 
al l doses. 

Respiratory System 
Lignocaine depresses hypoxic drive. Direct 
depression of medullary respiratory centre can 
occur at high dose. 
Immunologic: Allergic reactions are common 
with esters but rare with amides. The reaction 
with amides is because of the preservative 



(methyl paraben) it contains. Cross sensitivity does 
not exist between classes (i.e. esters and amides) 
but exist between agents of same class. 

Methemoglo binemi a : Usua lly seen with 
Prilocaine however benzocaine can also cause 
methemoglobinemia. 

Treatment: IV methylene blue. 

Coagulation: Lignocaine can inhibit coagulation. 

Local toxicity: When directly injected into nerve 
any loca l anesthetics can damage the nerve. 
However local neurotoxicitycan occur even without 
direct injection into nerve. lhe classical example 
of local anesthetic induced local neuroroxicity is 
cauda equina syndrome seen with lignocaine and 
tetracaine if used lhrough small bore continuous 
spinal catheters. Transient neurologic symptoms 
(dysesthesia, radicular pain in lower extremities) 
is another example of local neurotoxicity seen with 
lignocaine and mepivacaine. However, overall 
maximum local neurotoxicity has been reported 
with chloroprocaine. 

When directly injected into muscle they are 
myotoxic 
Local anesthetics with adrenaline can cause 
necrosis and gangrene if used for ring block 
of fingers, toes, penis or pinna because these 
structures have end arteries 

Combination of two local anesthetics: The use of 
two local anesthetics is quite common in clinical 
prac tice (usually lignocaine for rapid onset 
and bupivacaine/ ropivacaine for long duration). 
The toxicity of two local anesthetics should be 
considered additive, not indepe ndent a nd 
therefore maximum safe doses should be reduced 
accordingly. 

COMMERCIAL PREPARATIONS 
Local anesthe tics are weak bases however their 
commercial preparations are made acidic (pH to 
around 6) to enhance their chemical stability so 
they are avai lable as hydrochloride salts. Local 
anesthetics containing adrenaline are made even 
more acidic (pH around 4) because adrenal ine can 
become unstable at alkaline pH. Antimicrobial 
preservative (methylparaben) is added to multi 
dose vials. For spinal and epidural anesthesia 
preservative free preparations should be used. 
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INDIVIDUAL AGENTS 
Esters 
Cocaine 
Cocaine was the first local anesthetic used by Carl 
Koller for anesthetizing cornea. It is extracted from 
the leaves of Erythroxylum coca. Cocaine is not 
preferred because it is a very potent vasoconstrictor, 
stimulates sympathetic system and can cause 
CNS excitement leading to euphoria, agitation, 
violence, convulsions, apnea and death. 

It is the only ester which is not metabolized by 
pseudocholinesrerase. It is metabolized in liver. 
One merabolire ecgonine is also C S stimulant. 

Procaine 
Like other es ters it is metabolized by 
pseudocholinesterase. 
It is the agent of choice in patients with history 
of malignant hyperthermia. In fact, historicaJly 
it had been used for the treatment of malignant 
hyperthermia. 

Chloroprocaine 
Chloroprocaine is the shortest acting local 
anesthetic (Duration of effect 15- 25 minutes). 
As th e preservative, sodium bisulfite used 
with chloroprocaine, caused high incidence of 
neurotoxicity, chloroprocaine became almost 
obsolete from clinical p ractice and became 
contraindicated for pinal. However, recently 
preservative free preparation of chloroprocaine 
has been launched and is gaining popularity 
as short duration spinal anesthe tic for day care 
surgery in some countries. Maximum safe dose is 
1,000mg. 

Amethocaine (Tetracoine) 
It is only used as lozenges for bronchoscopies. 

Benzocoine 
Used as lozenges for stomatitis, sore throat. Benzo-
caine can cause dangerous levels of methemoglo-
binemia. 

Amides 
Lignocoine (Xylocoine, Lidocoine) 
It is the most commonly used local anesthetic. 

First syntl1esized by Lofgren and first used by 
Gordh. 
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Solution is very stable, not even decomposed 
by boiling. 
Contains preservative, methyl paraben. 
pKa =7.8. 

Concentration used 
Surface (topical) analgesia 
Nerve blocks 
Urethral procedures (as jelly) 
Spinal 
Epidural 
Intravenous regional analgesia 
(Bier's block) 
Infiltration block 

Metabolism 

4%and 10% 
1-2% 
2% 
5% (heavy) 
1-2% 
0.5% 

1-2% 

Metabolized in liver, excre ted by kidney. t½: 
1.6 hrs. 

Duration of Effect 
Without adrenaline 45-60 minutes. 
With adrenaline 2-3 hours. 

Maximum Safe Dose 
Without adrenaline 4.5 mg/kg 

(maximum 300 mg) 
With adrenaline 7 mg/kg 

( maximum 500 mg) 

Toxicity 
Systemic toxicity (especially cardiotoxicity) is 

Prilocaine 
Pharmacology is similar to lignocaine. Other 
than liver it also has extrahepatic metabolism 
in kidneys, lungs and by amidase making it as 
safest local anesthetic. Methemoglobinemia seen 
with prilocaine usually occurs at high doses. 
Methemoglobinemia occurs because of the 
accumulation of its metabolite orthotoluidine 
which can convert hemoglobin to methl lb. 

Bupivacaine (Sensorcaine, Marcaine) 
Bupivacaine is very commonly used drug in 
anesthetic practice. Chemically bupivacaine is a 
racemic mixture ofS (levo) and R (dextro) isomers. 
It is 4 times more potent than lignocaine. 

Metabolized in liver, t ½: 3.5 hours. 

Concentration Used 
For nerve block 0.5% 
Spinal 0.5% (heavy) 
Epidural 0.125-0.5% (depending 

whether used for sensory 
block or motor block) 

The very unique property of bupivacaine 
is wide differential sensory and motor blockade 
which means motor block will occur only at high 
concentrations making it a local anesthetic of 
choice for postoperative pain relief and painless 
labor. 

less than bupivacaine, levobupivacaine and Maximum Safe Dose 
ropivacaine. 
Can cause cauda equina syndrome or transient 
neurological symptoms after spinal anesthesia 
therefore, not preferred for spinal anesthesia 
in current day practice. 

Other Uses 
• Used for treating ventricular tachycardia: 

Preservative free lignocaine (available as 
xylocard 2%) is used intravenously in dose of 
2 mg/kg. 
Intravenous xylocard is used for blunting 
cardiovascular response to laryngoscopy and 
intubation. 

• Lignocaine infusion is used for the treaanent 
of neuropathic pain. 

Mepivacaine 
Pharmacology is similar to lignocaine except 
duration of action slightly longer than lignocaine. 

Without adrenaline 

With adrenaline 

Duration of Effect 
Without adrenaline 
With adrenaline 

2.5mg/kg 
(maximum 175 mg) 
3mg/kg 
(maximum 225 mg) 

2-3 hours. 
3-5 hours. 

Addition of adrenaline only prolongs the 
duration of sensory block. 

Toxicity 
Cardiotoxicity of bupivacaine deserves special 
attention due to many reasons: 

It is far more cardiotoxic than lignocaine 
R component contributes more than S 
component in causing cardiotoxicity 
Cardiotoxicity increases in pregnancy, hypoxia 
and acidosis. 



Cardiot0xicity of bupivacaine may manifest 
as bradyarrhythmias, conduction blocks, 
ventricular arrhythmias or cardiac arrest. Its 
high tissue binding (slow reversal of sodium 
channels} and high degree of protein binding 
makes resuscitation after cardiac arrest 
prolonged and very difficult. Therefore, it is 
absolutely contraindicated for Bier's block. 
Management of cardiac arrest includes CPR 

along with the rapid bolus of lntralipid 20%, 1.5 
mL/kg followed by infusion if required. Intralipid 
binds the active form of bupivacaine. Contrary to 
the previous recommendation of bretylium as a 
drug of choice for ventricular tachycardia induced 
by local anesthetics, amiodarone nowadays is 
considered as drug of choice for the treatment of 
bupiuacaine (and other local anesthetic) induced 
ventricular tachycardia. In fact, bretylium is not 
recommended to be used in such cases. For 
ventricular tachycardia not responding to drugs 
defibrillation shouJd be done immediately. 

Levobupivacaine 
Levobupivacaine is the S isomer ofbupivacaine. As 
it does not contain R isomer therefore card iotoxicity 
of levobupivacaine is less than bupivacaine. 
Studies have shown that not only cardiotoxicity, 
neurotoxicity of lcvobupivacaine is also slightly 
lesser than bupivacaine. Maximum safe dose of 
levobupivacaine are similar to bupivacaine, i.e. 
2.5 mg/kg (maximum 175 mg). 

As far as anesthetic properties are concerned 
it is less potent (1:1.3} than bupivacaine therefore 
duration (which is directly proportional t0 
potency) and density of block of block is also 
proportionately less. However clinically this 
difference is not significant. 

Ropivacaine 
To fu rther reduce the cardiotoxicity of levo-
bupivacaine its butyl groups were replaced 
by propyl group producing the drug called as 
Ropivacaine. 

Systemic Effects 
Cardiotoxicity and CNS toxicity of ropivacaine 
is less as compared to bupivacaine and even 
lesser than levobupivacaine (but still higher than 
lignocaine). Since cardiotoxicity of ropivacaine is 
less it can be given in higher doses. Maximum safe 
dose is 3 mg/kg ( maximum 225 mg). 
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Clinically more important than absolute 
decrease in cardiotoxicity is better prognosis of car-
diac arrest after ropivacaine as compared to bupi-
vacaine for two reasons-Rapid reversal of sodiwn 
channel and rapid clearance from circuJation. 

Another advantage of ropivacaine is that its 
cardio toxic potential is same in pregnant versus 
non pregnant females making it a safer option for 
pregnant ladies. 

Anesthetic Properties 
As it is also less potent than bupivacaine therefore 
its duration and intensity of motor block will also 
be proportionately less however as clinically this 
difference is insignificant therefore ropivacaine is 
always preferred over bupivacainefor postoperative 
analgesia and painless labor. 

Etidocaine 
Chemically similar to lignocaine but duration of 
action is similar to bupivacaine and less cardiotox:ic 
than bupivacaine. 

Dibucaine (Cinchocaine) 
Longest acting, most potent and most toxic local 
anesthetic. 

METHODS OF LOCAL ANESTHESIA 
Topical (Surface Anesthesia) 
Mepivacaine, bupivacaine, Jevobupivacaine and 
ropivacaine do not have any absorption from skin 
on mucous membranes therefore cannot be used 
for topical anesthesia. The absorption of procaine 
and chloroprocaine is so poor that they should not 
be used for surface anesthesia. 

Common preparations used for surface 
analgesia include: 
EMLA cream: EMLA stands for eutectic (easily 
melted ) mixture of local anesthetics. It is a 
combination of5% prilocaine and 5% Lignocaine in 
equal amount (1:1 ratio). It is used for intravenous 
cannulation in children or sensitive individuals, 
small skin procedures like skin grafting, biopsy 
or removal of mole. As half strength EMLA cream 
(2.5%} allows higher doses to be used therefore, 
more commonly used in clinical practice is 2.5% 
EMLA cream. It should not be used on broken 
skin, mucous membranes, and infants less than 
1 month. The major limitation of EMLA cream is 
its slow onset (30-60 min.) 
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TAC (Tetracaine, adrenaline and cocaine) and 
LET (Iidocaine , epinephrine and tetracaine): 
Useful for producin g local anesthesia on cut skin 
Xylocaine spray 4%, te tracaine and benzocaine 
lozenges: Used for mucous membranes of mouth, 
pharynx and larynx. 

Xylocaine (lignocaine) jelly 2%: Used for urinary 
catheterization and proctoscopies. 
Cocaine drops and tetracaine oin tment: Used for 
eye in past 

Lignocaine 4%, dibucaine I% and benzocaine 5% 
ointment: Used for anal fissure and painful piles. 
Oxethazaine (mucaine gel) 0.2%-Used for 
gastritis 

Infiltration Anesthesia 
Local anesthetic is infiltra ted a t operation si te. 
Most commonly used for infiltration is lignocaine, 
] -2%. 

Nerve Blocks 
Drug is injected around the nerve supplying the 
operatio n site. Most commonly are lignocaine 
1-2% and bupivacaine 0.125%-0.5% 

Intravenous Regional Anesthesia 
(Bier's Block) 
0.5% lignocaine is used for Biers block. 

Central Neuraxial Blocks 
Central neuraxial b locks include spinal and 
epidural anesthesia. 

Refrigeration Analgesia 
erve conduction is blocked by cooling the nerves 

using cryoprobes which deliver CO2 or nitrous 
oxide at -5 to -20°C. 

Tumescent Anesthesia 
It is a technique used by plastic surgeons during 
liposuction where dilute combination of ligno-
caine with ad renaline is injected subcutaneously 
in la rge quantities in the area from where lipo-
suction has to be done. Peak concentration may 
even occur in postoperative pe riods producing 
toxicity. 

CAUSES OF FAILURE OF LOCAL 
ANESTHESIA 
The usual cause of fail ure are inappropriate 
technique, inadequate volume or concentration 
of local anesthetic however certain factors like 
infectio n (acidosis), genetic variatio n or drug 
tole rance and tachyphylaxis can also contribute in 
failure. 

For summary of properties of local anesthetics 
see Table 15.2. 

• Table 15.2: Summary of propert ies of local anesthetics 

Duration of action 
Without With Maximum safe 

Drug Potency tl/2 adrenaline adrenaline pKa dose (mg/kg) Comments 
Esters 
Procaine + 15- 30 minutes 30- 90 8.9 12 mg/kg 

minutes 
Chloroprocaine + 15- 25 minutes 30- 90 9.0 12 mg/kg Shortest act ing 

minutes 
Cocaine ++ 8.7 3 mg/ kg Potent 

vasoconstrictor 
Tetracaine ++++ 2- 3 hours 3- 5 hours 8.2 3 mg/kg 
Amides 
Lignocaine (300 ++ 1.6 45--60 minutes 2-3 hours 7.8 4.5 mg/kg without Most commonly 
mg) (Xylocaine) hours adrenaline used local anesthet ic 

7 mg/kg (500 mg) 
with adrenaline 

Contd ... 
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Contd ... 
Duration of action 

Without With Maximum safe
Drug Potency t1/2 adrenaline adrenaline pKa dose (mg/kgJ Comments 
Prilocaine ++ 45- 60 minutes 2- 3 hours 7.8 8mg/kg Can cause methe-

moglobinemia 
Mepivacaine ++ 45-60 minutes 2-3 hours 7.6 4.5 mg/kg 
Etidocaine ++++ 2- 3 hours 3-5 hours 7.7 4mg/ kg 
Bupivacaine ++++ 3.5 2-3 hours 3- 5 hours 8.1 2.5 mg/ kg (175 mg) Very commonly 
(Sensorcaine, hours without adrenaline, used local 
Marcaine)) 3 mg/kg (225 mg) anesthetic in 

with Adrenaline anesthesia 
Levobupivacaine +++ 2-3 hours 3- 5 hours 8.1 2.5 mg/kg (175 mg) Less cardiotoxic 

without Adrenaline than bupivacaine 
Ropivacaine ++++ 2- 3 hours 3-5 hours 8.1 3 mg/kg (225 mg) Less cardiotoxlc than 

without adrenaline bupivacaine and 
Levobupivacaine 

Dibucaine ++++ 4 2.5- 3.5 hours 3.5- 5.S 8.8 1 mg/kg Longest acting, most 
hours hours potent, most toxic 

KEY POINTS 
• Local anesthetics are classified on the basis of chemical structure and duration of action. 
• Chloroproca,ne is the shortest acting and dibucaine is the longest acting local anesthetic. 
• Recent studies have proven that local anesthetics not only act on sodium channels, but also block potassium 

and calcium channels. 
• Sequence of blockade of nerve fibers is A> B> C. The traditional notion that thin fibers are most sensitive to the 

action of local anesthetics does not hold true in present day practice. 
• Potency is proportional to the duration of action. 
• Maximum systemic absorption has been seen after intercostal nerve block. 
• Central nervous system is the first system involved in local anesthetic toxicity. 
• At clinically used doses all local anesthetics are vasodilators except cocaine, levobupivacaine and ropivacaine. 
• Allergic reactions are common with esters but rare with amides. 
• Methemoglob1nemia is usually seen with prilocaine however benzocaine can also cause methemoglobinemia. 
• Maximum local neurotoxicity has been reported with chloroprocaine. 
• Local anesthetics with adrenaline can cause necrosis and gangrene if used for ring block of fingers, toes, penis 

or pinna because these structures have end arteries. 
• For spinal and epidural anesthesia preservative free preparations should be used. 
• Maximum safe dose of lignoca,ne without adrenaline is 4.5 mg/kg (maximum 300 mg) while with adrenaline ,t 

is 7 mg/kg (maximum 500 mg). 
• Wide differential blockade of bup1vacaine and ropivacaine makes them local anesthetic of choice for 

postoperative pain relief and painless labor. 
• Pnlocaine has significant extrahepatic metabolism. 
• Because of high cardiotoxicity bup1vacaine is absolutely contraindicated for bier's block. 
• Amiodarone now a days is considered as drug of choice for the treatment of bupivacaine (and other local 

anesthetic) induced ventr1Cular tachycardia. 
• Cardiotoxicity and CNS toxicity of ropivacaine is far lesser than bupivacaine and lesser than levobup,vacaine 

(but still higher than lignocaine). 
• Mepivacaine, bupivacaine, levobupivacaine and ropivacaine cannot be used while procaine and chloroprocaine 

should not be used for surface anesthesia 

• 
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Nerve blocks may be classified as central neuraxial 
blocks {spinal and epidural) and peripheral nerve 
blocks. Nerve blocks are given either for regional 
anesthesia or for acute and chronic pain relief. 
(For pain relief blocks see Chapter 39, page no. 273). 

TECHNIQUE 
the conventional method of giving a nerve block 
is by el iciting paresthesia and/ or using the nerve 
stimulator. However, the use of ultrasound has 
revolutionized the practice of nerve block in modern 
day anesthetic practice. 

BLOCKS OF UPPER LIMB 
Brachia! Plexus Block 
This is the second most commonly performed 
block (after central neurax.ia l b lock). 1t is used 
for surgery of upper limb and shoulder. Brachia! 
plexus can be b locked by 4 approaches-
interscalene, supraclavicular, infraclavicular and 
axillary approach. 

lnterscalene Approach 
The us ual ind ication for in terscalene block is 
surgery on the shoulder or upper arm. In this 
tech nique brachia( p lexus is blocked between 
anterior and middle scalene at the level of cricoid. 
Blockade occurs at the level of the superior and 
middle trunks. Ulnar nerve is usually spared 
with this approach making it unsuitable for hand 
surgeries. 

Complications: 
Phrenic nerve block: Phrenic nerve block 
occurs in almost a ll patients but unilateral 
p h ren ic nerve b lock has no cli n ically 

Peripheral Nerve Blocks 

s ignifica n t conseq uences in a normal 
individual (pulmonary functions are only 
reduced by 20-25%). 
Horner syndrome (due to block of stellate 
ganglion). 
Epidural and intrathecal injection can be 
dreadful complication. 
Pneumothorax if the needle insertion is too 
low. 
General complications like nerve injury, 
neuritis, inrravascular injection, bleeding and 
hematoma formation, infection or injury to a 
nearby structure and systemic tox.icity of local 
anesthetic. 

Supraclavicular Approach 
This is very commonly used approach. Th is 
approach is usually employed for surgeries on 
lower arm, elbow, forearm and hand. Distal trunk 
and proximal division ofbrachial plexus is blocked 
by this approach. 

Technique: Patient lies supi ne with a small 
wedge under the shoulder. The arm is extended 
and adducted; needle is inserted at a point 1 cm 
superior to midpoint of clavicle after palpating the 
subclavian a rtery. The needle is inserted Lateral 
to subclavian vessels (Fig. 16.1). The needle is 
inserted in downward and backward direction till 
paresthesia is elicited. After eliciring paresthesia 
20-30 mL of 1-1.5% xylocaine alone or mixed with 
bupivacaine is injected. 

Complications: 
Pneumolhorax: Dome o f pleura can be 
punctured. Incidence is 1-6% but fortunately 
in more than 98% of the cases pneumothorax 



Brachia! plexus 
Fig. 16.1: Supraclavicular approach to brachia I plexus 

block (needle is inserted just lateral to subclavian artery) 

is small enough to require any intervention. 
As the dome of pleura is on medial side 
therefore best way to avoid pneumothorax is to 
keep the direction of needle laterally. 
Phrenic nerve block (incidence is 40- 60%). 
Unilateral block does not cause any problem. 
Homer syndrome. 
General complications. 

Axillary Approach 
Axi llary approach is also com monly used 
approach. The drug is injected around axillary 
artery in axilla. Blockade occurs at the level of the 
terminal nerves. 

Advantage over supraclavicula r approach: 
Complications like pneumothorax, phrenic nerve 
block and I lorner syndrome can be avoided. 

Disadvantage: Musculocu taneous and inter-
costobrachial nerves are spared therefore 
axillary block is not suitable for a rm surgery. 
Musculocula neous and intercostobrachial 
nerves have to be blocked separately with axillary 
approach (musculocutaneous is blocked in the 
substance of coracobrachialis muscle while 
intercostobrachial in subcutaneous tissue over 
axilla ry artery). The chances of intravascular 
injection and hematoma formation are also high 
with axillary approach. 
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lnfraclavicular Approach 
In this approach brachia! plexus is blocked either 
just below the midpoint of clavicle (classical 
approach) or just medial to coracoid process 
(coracoid approach). The theoretical advantage is 
that musculocutaneous and axillary nerve can be 
blocked. 

Due to high failure rate in coracoid approach 
and increased incidence of pneumothorax and 
hemothorax in classical approach infraclavicular 
route for blocking brachia! plexus is not utilized 
routinely. 

Individual Nerve Blocks 
Radial, ulnar and median nerves can be blocked 
separately at elbow and wrist. 

Wrist block is used for hand surgeries where 
ulnar ne rve is blocked just lateral to Jlexor 
carpi ulnaris tendon, median nerve is blocked 
between tendons of Palmaris longus and flexor 
carpi radialis and radial nerve is blocked by 
8- 10 mL subcutaneous injection oflocal anesthetic 
extending from radial artery anteriorly to extensor 
carpi radialis tendon posteriorly. 

Intravenous Regional Block (Bier Block) 
Intravenous regional anesthesia (IVRA) is also 
called as Bier block as it was first time given by 
August Bier. 

Technique 
After applying tourniqu et (which prevents 
systemic absorption of drug) 30-40 mL of 0.5% 
lig11ocaine (xylocard) or prilocaine is injected into a 
peripheral vein. Adequate tourniquet functioning 
is most vital in Bier block. Deflation or leak can 
cause drug toxicity and death therefore toxic drug 
like bupivacaine is absolutely contraindicated for 
Bier block. As tourniquet has already compromised 
th e vascu lar supply therefore lignocaine wi th 
adrenal ine should not be used. 
Advantages 

Easy procedure. 
Almost no chances of failure. 
Rapid onset (within 5 minutes). 
Good muscle relaxation. 

Disadvantages 
Tourniquet discomfort or compartment 
syndrome. 
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Venous engorgement caused byvenodilaration 
creates difficulty in providing bloodless fie ld. 
As duration of action of lignocaine without 
adrenaline is 30- 60 minutes, it can be utilized 
only for short duration procedures. 
Accidental deflation or leak of tourniquet can 
cause severe drug toxicity and even death. 
Tourniquet cannot be released before 30 
minutes (even if the surgery finishes before it). 

Contraindications 
• The old recomm endation of not giving 

intravenous regional anesthesia (Bier's block) 
to sickle cell pa tients does not hold true in 
current day practice. 
Raynaud's disease and scleroderma (tourni-
quet is contraindicated due to compromised 
vascular supply. 

BLOCKS OF LOWER LIMB 
Blocks of lower limb are rarely used for providing 
anesthesia as majority of the lower limb surgeries 
can be performed under spinal and epidural 
anesthesia. The nerve blocks which are sometimes 
utilized are: 

Psoas compartment block: To block lumbar 
plexus. 
Perivascular block (3 in 1 block): Drug injected 
in femoral canal while maintaining distal 
pressure will result in upward spread of drug, 
blocking femoral, sciatic and obturator nerves 
simultaneously (that is why called as 3 in 1 
block). 
Femoral nerve, sciatic nerve and obturator 
nerve block: These nerves can be blocked 
separately depending on which part or the 
lower limb surgery is to be performed. 
Fascia iliaca nerve (modified femoral) block: 
A large volume of drug is injected just below 
the fascia iliaca to block fem oral nerve as it 
traverses the fascia iliaca. Usually performed 
under ultrasound guidance however can be 
performed blindly wirh double pop technique; 
first pop of fascia lata followed by second pop 
of fascia ilia ca. 

• Ankle block: Performed for foot surgeries. 
In ankle block deep peroneal, superficial 
peroneal and saphenous nerve are blocked 
with subcutaneous infiltration at the dorsum 
of foot, posterior tibial posterior to medial 
malleolus and sural laterally between late ral 

malleolus and achilles tendon. As it requires 
multiple injection ankle block can be a painful. 
Lignocaine with adrenaline should not be 
used for ankle block. 
Bier's block for lower limb: Not commonly 
performed as it requires very large volumes 
(60-80 mL). 

BLOCKS OF THE HEAD AND NECK, 
THORACIC AND ABDOMINAL AREA 
Cervical Plexus Block 
As patient's awake state is the best monitor to 
assess the neurologic status, cervical plexus block 
is bes t utilized for carotid endarterectomy. In 
selected cases, it is possible to do tracheostomy 
and thyroidectomy with bilateral cervical p lexus 
block. 

Airway Block 
Airway block (glossopharyngeal at the base 
of posterior tonsillar pillar, superior laryngeal 
below the tip of greater cornu of hyoid bone and 
recurrent laryngeal by topical application through 
cricothyroid membrane) was popular in the past 
for awake intubation. However, in current day 
practice awake intubation is invariably done with 
fiberopric bronchoscopy under topical analgesia 
of airways. 

Phrenic Nerve Block 
Sometimes performed for intractable hiccups; 
nerve is blocked 3 cm above the clavicle just lateral 
to the posterior border of sternocleidomastoid. 

llioinguinal and lliohypogastric 
Nerve Block 
Perfo rmed for hernia repair, these are blocked 
at a point 3 cm medial to anterior superior iliac 
spine. 

Penile Block 
Pudenda! nerve is blocked by injection of 
10- 15 mL of local anesthetic at the base of penis. 
Xylocaine with adrenaline is contraindicated for 
penile block. 

Paravertebral Block 
In paravertebral block, each spinal nerve is blocked 
just after it exit from inte rvertebral foramen. 



Can be utilized for breast, thoracic or abdominal 
surgeries in patients where general anesthesia is 
contraindicated. 

If large volumes are used then drug may 
spread laterally into superior and inferior para-
vertebral spaces, superior and inferior intercostal 
spaces and medially along with the nerve sheath 
into epidural space. 

lntercostal Nerve Block 
Most often performed for pain relief for rib 
fractures and post-herpetic neuropathies however 
can be used for chest rube insertion or doing 
thoracoscopies. Block is given at the lower border 
of rib, usually at the posterior angle of rib. 

KEY POINTS 
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The most bothersome complications may 
be pneumothorax and risk of systemic local 
anesthetic toxicity (maximum systemic absorption 
occurs after intercostal nerve block). 

CONTRAINDICATIONS FOR 
PERIPHERAL NERVE BLOCKS 

Patient suffering from coagulopathy or on 
anticoagulants (except aspirin) 
Infection at the site of needle placement 
Known case of drug allergy to local anesthetics 
Pre-existing neuropathy-Avoid regional 
anesthesia to avoid mcdicolegal issues. 

• The use of ultrasound has not only made the nerve blocks technically easy but a1so has improved the 
precision. 

• Ulnar nerve 1s usually spared with 1nterscalene approach while musculocutaneous is usually spared with axillary 
approach. 

• The most bothersome complication of supraclavicular block is pneumothorax. Keeping the direction of needle 
lateral to the Subclavian artery 1s the best way to avoid pneumothorax 

• Only safe local anesthetics, 1.e. lignocaine and prilocaine are perm,tted for Bier block. Drug w,th high toxici ty 
like bupivacaine is absolutely contraindicated. 

• Cervical plexus block is best utilized for carotid endarrerectomy. 
• Maximum systemic absorption of local anesthetic occurs after intercostal nerve block. 
• Associated coagulopathy and infection at needle site are the absolute contraindication for nerve blocks. 
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Central Neuraxial Blocks 

(Spinal and Epidural Anesthesia) 

APPLIED ANATOMY 
Verteb ral column co ns ist of 33 vertebrae: 7 
cervical, 12 thoracic, 5 lumbar, 5 fused sacral and 
4 fused coccygeal. Vertebral column has 4 curves: 
Thoracic and sacral spine are convex poste riorly 
(kyphotic) while cervical and lumbar spine are 
convex anteriorly (lordotic). 

Vertebral canal is bounded anteriorly by 
vertebral bodies and intervertebra l disc, latera lly 
by pedicles, posteriorly by lamina, ligamentum 
flavum and roots or vertebral spines. In vertebral 
canal lies the spinal cord with meninges. 

Structures encountered during spinal 
anesthesia. 
Structures encountered while giving sp inal 
anesthesia (Fig. 17.1)- from posterior to anterior. 

Skin. 
Subcutaneous tissue. 

Supraspinous ligament: Connecting the tips of 
spinous processes. 
Interspinous ligament: Joins the spinous 
processes together. 
Ligament um flavum: Running from lamina 
to lamina. Composed of yellow elastic fibers 
therefore also called yellow ligament (flava in 
Latin means yellow) 
Dura. 
Arachnoid. 
The tips of spinous processes are such that 

epidural / sp inal needle should be inserted 
obliquely (cephalad) in thoracic region and almost 
straight in lumbar region. 

Su,face landmarks which are important while 
giving spinal or epidura l anesthesia are: 
C7: Spinous process o r 7th cervical vertebrae is 
very prominent and ea ily palpable. 

Arachnoid-------~------ ----Oura 
Pia mater Ligamentum flavum 

Posterior 
longitudinal ligament 

Spinal cord 

F"lir-llll••ft-- Supraspinous ligament 
1µ!.l..~ 1:.±:,-- lnterspinous ligament 

Skin 
Epidural space 
(outside the dura) 
Subcutaneous tissue 

Fig. 17.1: Structures encountered during spinal anesthesia 
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T7: T7 lies opposite to inferior angle of scapula. 
The line joining the highest point on iliac 

crest (intercristal line, also called as Tuffier's line) 
corresponds to L4 and LS interspace or l4 spine: 
It is very important 10 identiry this intervertebral 
space while choosing the space for giving spinal 
or epidural anesthesia. 

Epidural Space (Extradural or 
Peridural Space) 
It lies outside the duramater, i.e. between dura 
and ligamentum flavum. It extends from foramen 
magnum to sacral hiatus. Epidural anesthesia is 
given in this space. Epidural space is triangular in 
shape with apex dorsomedial. 

Contents of Epidural Space 
Anterior and posterior nerve roots 
Epidural veins 
Spinal arteries 
Lymphatics 
Far. 
The epidural veins forms a plexus in epidural 

space called as plexus of Batson. lhese veins a re 
very important from clinical point of view because 
they directly drain into inferior vena cava. Any 
pressure on inferior vena cava (as in pregnancy, 
abdominal tumors, ascites) lead these veins to 
becomes engorged, pushing the dura medially 
which reduces the subarachnoid space leading to 
higher spread of local anesthetic. 

Anatomy of Spinal Cord 
Spinal cord extends from medulla oblongata to 
lower border of L1in adults and L3 in infants (Adult 
level is achieved by the age of2 years). 1herefore in 
infancy spinal anesthesia should be given in L4-5 
space while in adults it can be given in L3-4 or L4-5 
space (or even in L2-3) however usually given in 
L3-4 interspace. 

Spinal cord is divided into segments by spinal 
nerves which arise from it. The spinal nerves are 
31 pairs in number, i.e. 8 cervical, 12 thoracic, 5 
lumbar, 5 sacral and 1 coccygeal. Each spinal nerve 
has an anterior root which is efferent and motor 
and a posterior root which is afferent and sensory. 
Anterior and posterior roots join to form mixed 
spinal nerve which exists from intervertebral 
foramina. As spinal cord ends at Ll therefore 
lumbar, sacral and coccygeal nerve has to run 

downwards to exit from intervertebral foramina 
forming cauda equina (horse tail). 

Blood Supply of Spinal Cord 
It is supplied by 2 posterior spinal arteries which 
arise from posterior inferior cerebellar arteries and 
1 anterior spinal artery which is formed by branch 
of vertebral artery of each side. 

Anterior spinal artery is re info rced by 
many arteries of which artery of Adamkiewicz 
(arteria radicularis magna) is very important 
which can enter anywhere between T5 and 
L2 and usually (75%) it enters from left side. 
Damage/vasoconstriction to this a rtery can lead 
ro cord ischemia and paraplegia. 

Meninges 
Spinal cord is enveloped from inside to outside 
by piamater, arachnoid mater and duramater. 
Duramater extends up to S2 in adults and S3 in 
children while piamaler, as ft.Lum terminale, extend 
up to coccyx. 

Cerebrospinal Fluid 
Cerebrospinal fluid (CSF) is present between pia 
and arachnoid mater (i.e. subarachnoid space). As 
spinal anesthesia is given in subarachnoid space it 
is also called as subarachnoid block or intrathecal 
(inside the meninges) block. 

1 he CSF is secreted by choroid plexus of third, 
fourth and lateral ventricles and is absorbed into 
venous sinuses via arachnoid villi. 500 mL is 
secreted in 24 hours. Volume of CSF at one time 
is 140 ml, half of which is present in cranium and 
half in spinal canal. Specific gravity= 1.003-1.009 
(Average 1.004) and pH is 7.35. 

CSF pressure: It is same in cranium and spinal 
canal in lying position which is 100- 150 mmH2 0 
(10-15 cmH20) while in sitting position the 
CSF pressure at lumbar level may increase to 
180-240 mmHp. 

ADVANTAGES OF CENTRAL NEURAXIAL 
BLOCKS (CNB) OVER GENERAL 
ANESTHESIA (GA) 

Cheaper. 
Lessens the risk of respiratory complications 
like pulmonary aspiration, bronchospasm, 
laryngospasm, postoperative atelectasis. 
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Avoids serious consequences of intubation 
like cardiovascu lar response or failed 
intubation. 
Avoids the systemic side effects of GA drugs 
Bleeding is less (because of low mean arterial 
pressure). Studies have shown significant 
reduction in blood requirement in total knee 
replacement done in central neuraxial blocks 
as compared to general anesthesia. 
Decreased incidence of thromboembolism 
due to increased vascularity of lower limbs. 
By alleviating the surgical stress response 
central neurax.ial blocks decreases the chances 
of infarction as well as arrhythmias. 

• Reduction in overall morbidity and mortality. 
For the reasons mentioned above several 
meta-analyses have shown a reduced risk in 
overall mortality and morbidity as high as 
30% in patients who underwent surgeries 
under C B as compared to general anesthesia 
(GA). 

SYSTEMIC EFFECTS (PHYSIOLOGICAL 
ALTERATIONS) OF CENTRAL NEURAXIAL 
BLOCKS 
Cardiovascular System 
The most prominent effect is hypotension which 
occurs due to of the following reasons: 
l. Sympathetic block: The sympathetic block lead 

to venodilatation, venous pooling, decreased 
venous return and hence decrease cardiac 
output and hypotension. 

2. Bradycardia: Bradycardia can further decrease 
the cardiacoutput. l he reasons for bradycardia 
are: 

Decreased atria l pressure because of 
decreased venous return (Bainbridge 
reflex) 
Parasympathetic over dominance due to 
sympathetic block 
Direct inhibition of cardioaccelerator 
fibres (Tl to T4). 

3. Blockage of nerve supply to adrenal glands 
with consequently decreased catecholamine 
release. 

4. Direct absorption of drug into systemic 
circulation. 

5. Compression of inferior vena cava and aorta 
by pregnant uterus, abdominal tumors (supine 
hypotension syndrome). 

Nervous System 
Due to the anatomy of spinal nerve, central 
neuraxial blocks do not fo ll ow the block 
sequence of peripheral nerves (motor> sensory> 
autonomic). In spinal nerve autonomic fibers are 
on most outer (posterior) side while motor on most 
inner (anterior) side therefore first function to be 
blocked is autonomic followed by sensory and then 
motor, i.e. the sequence of blockade is autonomic 
> sensory > motor. The recovery occurs in reverse 
order however few studies have suggested return 
of autonomic activity before sensory. 

Due to this different sensitivity of nerve fibers 
to local anesthetics, autonomic level is 2 segments 
higher than sensory which is 2 segments higher 
than motor. This is called as differential blockade 
and the segments where one modality is blocked 
and another is not, forms the zones of differential 
blockade. 

Autonomic level is tested by temperature {cold), 
sensory by pin prick (by non-pricking needles) and 
motor by toe movement. 

Respiratory System 
Tidal volume, minute volume, arterial oxygen 
tension are well maintained in normal individuals 
however in COPD/ Asthma patients whose 
expiration is dependent on abdominal muscles or 
respiratory compromised patients who cannot bear 
the blockage of intercostals, there can be severe 
impairment of respiratory function (Dyspnea) 
if block is high enough to block abdominal and 
intercostal muscles. 

Apnea after spinal anesthesia is usually due to 
severe hypotension causing medullary ischemia. 
Other causes of apnea are: 

lligh spinal: lligh enough to block phrenic 
nerve (C3, 4, 5) which is rare. 
Tola/ spinal: Wh en the drug reach es up to 
cranium, it is considered as total spinal. It 
usually happens due to accidental intrathecal 
inject ion of large volu me of drug during 
epidural anesthesia. 
lntravascular injection and systemic toxicity: 
Usually seen after epidural anesthesia because 
la rge volume of drug is used. 

Gastrointestinal System 
Sympathe tic block leads to parasympathe tic 
over activity producing contracted gut with 
relaxed sphincters; Peristalsis is increased. 
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Nausea and vomiting: The most common 
cause of nausea and vomiting is hypoten-
sion leading to central hypoxia and nausea/ 
vomiting. Other causes may be bile in stomach 
(due to relaxed pyloric sphincter) or increased 
peristalsis due to parasympathetic over 
activity. ausea, vomiting due to these causes 
(parasympathetic over dominance) is treated 
by atropine. 

Liver 
Hypotension can decrease liver blood flow but 
impairment is minimal. 

Genitourinary System 
Renal functions are not impaired unless mean 
arrerial pressure falls below critical pressure of 
kid11ey for autoregulnlion (MAP- 55 mm Hg). 
Urinary retention is the most common post-
operative complication of central neuraxial 
blocks in present day practice. It is due to block-
ade of sacral parasympathetic fibers (S2, 3, 4). 
Flaccid (paralysis of nervi erigentes) and 
engorged penis is one of the signs of successful 
block. 

Endocrinal System 
Central neuraxial blocks by blocking the 
sympathetic nerves and adrenals blocks the 
stress response to surgery. 
The response to insulin is augmented and 
there can be hypoglycemia. 

Thermoregulation 
Vasudilatation causes heat loss which is com-
pensated by vasoconstriction above the block and 
shivering which is a very common occurrence 
after spinal anesthesia. 

SPINAL ANESTHESIA (SUBARACHNOIO 
BLOCK, INTRATHECAL BLOCK) 
It is the most commonly used anesthetic 
technique. It can be well utilized for almost all open 
gynecology and obstetrics surgeries, orthopedic 
and plastic surgeries of lower limb and pelvis, 
general surgeries of pelvis and lower abdomen and 
majority of urology procedures. 

Procedure 
Spinal anesthesia is usually given in lateral 
position or sitting position (possible in prone 

position also) with body in flexion position 
(fetal position). 
Approach may be midline (most commonly 
used), lateral (paramedian) and lumbosacraJ 
(Taylor) (In this approach point of insertion 
is 1 cm medial and 1 cm caudal to posterior 
superior iliac spine). 
After cleaning and draping lumbar puncture 
is done in desired space (usually L3-4} and 
the local anesthetic drug is injected after 
confirming the free flow of CSF. 

Site of Action of Local Anesthetic 
Local anesthetic mainly acts on spinal nerves and 
dorsal ganglia but a small concentration can be 
detected in substance of spinal cord. 

Drugs used for Spinal Anesthesia 
1. Local anesthetics (Table 17. 1): Lignocaine 

and bupivacaine are the two local anesthetics 
which are mainly used for spinal in India. 
• Lignocaine: Concentration used is 5%. 

The drug used for spinal is hyperbaric 
(or heavy) that means its specific gravity 
is more than that of CSF therefore it tries 
to settle down. The solution is made 
hyperbaric by addition of 7.5% dextrose. 
Due to the possibility of t rans ient 
neurological symptoms (TNS) and cauda 
equina syndrome lignocaine is rarely 
used in current day clinical practice. 
Bupivacaine: Bupivacaine is the most 
commonly used drug for spinal. The 
concentration used is 0.5% and it is made 
hyperbaric by addition of 8% dextrose. 
Ropivacaine and levobupivacaine: 
The newer drugs like ropivacaine or 
levobupivacaine offer no considerable 

• Table 17.1: Local anesthetics for spinal anesthesia 

Drug Concentration Specific 
gravity 

Lignocaine 5% in 7.5% dextrose 1.0333 
Bupivacaine 0.5% in 8% dextrose 1.0278 
Tetracaine 1% 
Chloroprocaine 3% 
Levobupivacaine 0.5% 
Ropivacaine 0.5- 1% 
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advantage over bupivacaine for spinal 
(due to low amount of bupivacainc used 
for spinal, the risk of cardiotox.icity seen 
with bupivacaine is negligible) rather 
disadvantage is that due to less potency 
duration and q uality of motor block is 
less. 
Chloroprocaine: Recently a preservative 
free preparation of chloroprocaine has 
been introduced in the market for short 
duration procedures. 
Other drugs like tetracaine, mepivacaine 
or procaine are hardly used in current day 
practice 

2. Opioids: A small dose of fentanyl (20- 25 mcg) 
is usually add ed as supplement to local 
anesthetics. Preservative-free morphine can 
provide analgesia for up to 24 hours however 
with the risk of delayed respiratory depression. 

3. a2-Ago11ists: Clonidine and dexmedetomidine 
by decreasing the neurotransmitter release 
and causing hyperpolarization of membrane 
can prolong the duration of spinal block 
therefore can be used as an adjuvant to local 
anesthetics. 

4. Vasoco11strictors (epinephrine, phenylephrine): 
Although no human study has suggested that 
vasoconstrictors used with local anesthetics 
can compromise the vascular supply of spinal 
cord but still majority of the clinicians do not 
use vasoconstrictors for spinal anesthesia. 

5. Neostigmine: eostigmine by increasing the 
concentration of acetylcholine can prolong the 
analgesic effect of spinal therefore can be used 
as an adjuvant to local anesthe tics. 

6. Others drugs like midazolam, ketamine, 
tramadol o r even nonsteroidal anti-
inflammatory drugs (NSAI OS) have been tried 
intrathecally but with variable results. 

Spinal Need les 
Sp inal needles arc of two rypes; dura cutting and 
dura separating. 

Dura cutting: Standard Quincke-Babcock, Greene 
and Pitkin needle are the examples of dura cutting 
needles. As these needles causes more damage to 
dural fibers the incidence of postspinal headache 
is high however cost wise they a re far cheaper than 
dura eparating needles. 

Dura separ ating: These have pencil tip point end. 
1l1e commonly available types arc Whitacre and 
Sportte. As these needles only separates the duraJ 
fibers, damage to dural fibers and hence incidence 
of postspinal headache is less but these needles 
are expensive. 

Factors Affect ing t he Height (Level) 
of Block 
Factors which Significantly Affect the 
Level of Block 

Dosage of drug: Greater the dose, higher the 
level of block attained. 
Baricity: Baricity is the ratio of specific gravity 
of an agent at a specifi c temperature (body 
temperature) to specific gravity of CSF at same 
temperarure. This is very important factor in 
determining the migration and eventual extent 
of block. 

Hyperbaric technique: llyperbaric 
solutions are most often used for spinal 
anesthesia. As hyperbaric solutions tends 
to settle downwards the level achieved 
by hyperbaric solutions is governed by 
the position of the patient during spinal 
anesthesia and after injection till drug gets 
fixed to neuronal tissue, which normally 
lakes 10- 15 minutes for xylocaine and 
20-30 minutes for bupivacai11e. 
llypobaric: Local anesthetics are made 
hypobaric by addition of sterile water. As 
hypobaric solutions ascend higher they 
are very rarely u ed for colorcctal surgery 
where head is lower than butt0cks (Jack-
knife position). The drug will migrate 
caudally to block sacral dermatomes. 
Isobaric: The local anesthetic settles at the 
same level at which it is injected. 

Position of the patient: It is an important 
factor. Spinal given in latera l position (with 
hyperbaric solution) will atta in higher level as 
compared to spinal given in si tting. Similarly 
Trendelenburg position will produce highe r 
level of block as compared to supine position. 
Sile (i11tervertebral space) of injection: Higher 
the space chosen, higher is the level of block 
achieved. 
CSF volume: CSF volume has inverse relation 
with the level of block; decreased CSF volume 
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will lead to higher spread of drug while 
increased CSF volume will lead to attainment 
of lower levels. 
Pregnancy: Pregnant women attains higher 
level of blocks in comparison to non-pregnant 
due to number of reasons like decreased 
subarachnoid space (due to engorgement of 
epidural veins), change in spine curvature 
(lumbar lordosis of pregnancy), progesterone 
induced increased sensitivity to neuronal 
tissues. 
Age: Old age people achieve h igher levels 
due to reduced subarachnoid space (because 
of dural fibrosis), reduced CSF volume and 
age related increased sensitivity to local 
anesthetics. 
Epidural after spinal: The bolus or infusion 
of local anesthetic in epidural space after 
giving spinal during combined spinal epidural 
compresses the dural sac increasing the block 
height. This technique is called as epidural 
volume extension. 

Factors which Affect the Level of 
Block but not very Significantly 

lleight: At a normal range, height is not an 
important factor however at extremes it is 
an important fac tor having inverse re lation 
with the level of block; taller individuals will 
attain a lower level while short statured will 
achieve higher level with the same volume 
of drug. 
Spinal curvature: Severe kyphosis (or kypho-
scoliosis) may reduce the subarachnoid space 
leading to higher spread of drug. 
Intra-abdominal pressure: Increase in intra-
abdominal pressure by ascites, pregnancy, 
abdominal tumors, obesity decreases the 
volume of subarachnoid space due to 
engorgement of epidura l veins, produ cing 
higher block. 
Direction of needle: I f the o rifice of needle 
points cephalad, the level of block achieved 
is comparatively higher to when it points 
downwards. 
Volume and concentration of local anesthetic: 
Dose is a very important factor while volume 
and concentrat ion are less important 
determinants of level of block. 

Factors not Affecting the Level of Block 
Sex: Despite the difference in density of CSF 
in males and females there is no significant 
difference in block height has been observed. 
Speed of injection: Contrary to general belief 
rapid injection does not increases the level of 
block 
Increased CSF pressure: Increase CSF pressure 
produced by Barbotage (lt is the technique in 
which repeatedly CSF is taken out and drug 
is injected), coughing or straining does not 
affect the level of block. 
Addition of vasoconstrictor. 
Additives other than opioids 

Factors Affecting the Duration of Block 
Dose. 
Increased concentration. 
Pharmacological profile of drug like protein 
binding, metabolism. 
Added vasoconslrictors: Vasoconstrictors 
increase the duration of spinal anesthesia by 
l 0-50% but they should not be used for spinal 
anesthesia as there is a theoretical concern 
that vasoconstrictors can cause spinal cord 
ischemia. 

Complications of Spinal Anesthesia 
lntraoperative 

I lypotension: Hypotension is the most common 
complication of spinal anesthesia. Mild 
hypotension do occur in almost all patients and 
significant hypotension (systolic BP < 90 mm 
I lg} may be seen in up to 113rd of the patients. 
Mild hypotension is beneficial in reducing the 
blood loss. 
Treatment 
Prophylactic: Although preloading with 1 to 
1.5 liters o f crystalloid is still practiced by 
many anesthesiologists however has not been 
proven to prevent hypotension therefore is no 
longer recommended. 
Curative 

Head Low position (Trendelenburg 
position): It is done to increase the 
venous return from legs and pelvic area. 
A head low position of 15- 20" has not 
been found to significantly increase the 
level of block. Therefore, Trendelenburg 
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up to 15-20°still remains the very vital part 
of management of spinal hypotension. 
Fluids: Crystalloids preferred however if 
there is indication colloids can be used 
safely. 
Vasopressors (sympathomimetics): 
If hypotension does nor responds to 
Trendelenburg and fluids or if it is 
severe than vasopressors should be 
used. As Ephedrine not only produces 
vasoconstriccion (a agonist) but also 
increases the cardiac output and heart 
rate by its adrenergic properties, it is 
the most preferred vasopressor for the 
treatment of spinal hypotension. However, 
Mephentermine is more frequently used 
in India. Other vasopressors which can be 
used are methoxamine, phenylephrine, 
metaraminol and epinephrine as a 
vasopressor of last resort. 
Inotropes (dopamine, dobutamine): 
Hypotension after spinal is because 
of sympathetic b lockade therefore 
sympathomimetic drugs are used for 
treatment. The inotropes only benefit 
indirectly by improving the cardiac output 
therefore are hardly ever used. 
Oxygen inhalation to prevent hypoxia 
from hypotension. 

Bradycardia: Bradycardia after spina l 
anesthesia is quite common (incidence around 
10%) for the reasons already stated above. 
Treatment: Intravenous atropine. 
Dyspnea: Mild respiratory difficulty due 
to lower intercostal paralysis is treated by 
oxygenation and assurance. 
High spinal/ total spinal: High spinal is an 
arbitrary term. In general, high spinal means 
spinal above desired level which is causing 
problems co the patient however in strict terms 
high spinal refers to level high enough to block 
phrenic nerve causing diaphragmatic paralysis 
and apnea. If the drug reaches cranium and 
involve cranial nerves it is called as Total 
spinal. 
Management: Management depends on level 
of block. If it is involving only intercostals 
then oxygenation and assurance may be 
enough. High spinal involving diaphragm 
and total spinal will require intubation. Severe 

bradycardia and hypotension seen in high 
spinal will require atropine and vasopressors. 
Respiratory paralysis (apnea): It is usually 
because of hypotension, therefore treat 
hypotension and maintain positive pressure 
ventilation till spontaneous breathing returns. 
If it is because of high or total spinal then 
patient will require immediate intubation. 
Nausea and vomiting: This is most commonly 
because of hypotension causing central 
hypoxia therefore treating oxygenation and 
treating hypotension should alleviate nausea 
and vomiting. If not then antiemetics may be 
used. 
Difficulty in phonation: This is because of high 
spinal extending up to cervical level. 
Treatment: IPPV 
Shivering: Shivering is one of the very 
common complication of spinal anesthesia 
seen in almost half of the patients. Oxygen 
consumption can increase by 4- 5 times in 
shivering therefore the patient who is sh ivering 
must receive oxygen and shivering should be 
treated by warm air, covering the patient by 
warm blankets and by giving anti-shivering 
drugs. The drug of choice for treatment of 
shivering is pethidine followed by tramadol. 
Restlessness, anxiety and apprehension: 
Hypoxia should be ruled out otherwise sedate 
and assure the patient. 
Local anesthetic toxicity: I lap pens due to intra-
vascular injection. Treat symptomatically. If 
convulsions occur give diazepam, oxygenate 
and manage any cardiac arrhytl1mia. 
Local anesthetic anaphylaxis: It is rare. 
Cardiac arrest: It can be because of: 
- Severe hypotension 

Severe bradycardia proceeding to 
asystole. 
Total spinal/very high spinal. 
Local anesthetic toxicity/anaphylaxis. 

Immediately start rhe cardiopulmonary 
resuscitation. 

• Broken needle: Attempt the removal at once. If 
not possible get a portable X-ray and call for 
neurosurgeon. 
Pain during injection: Can be decreased by 
local anesthetic infiltration before giving 
spinal. 
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Bloody tap Bleeding after spinal usually 
occurs due to puncture of epidural vein. The 
needle should be withdrawn and reinserted. 

Postoperative 
Urinary rete n tion: Blockade of sacral para-
sympathetic fi be rs (S2, 3, 4) is responsible for 
causing u rinary retention. Due to significant 
decrease in postspinal headache urinary retention 
has now become the most common postoperative 
complication of spinal anesthesia. it can occur in 
as much as one-third of the patients. Concurrent 
administration of intrathecal opioids especially 
morphine is strongly associa ted with higher 
incidence of urinary retention. Catheterization 
may be required. 

Neurological complications 
1. Post-spinal headache: It is low pressure 
headache due to seepage of CSF from dural rent 
(hol e) created by spinal needle. CSF leakage 
results in decreased intracranial pressure leading 
to traction of pain sensitive structures like dura, 
vessels and lentorium producing pain. 

The CSF loss around JO ml/hr. is considered 
as significant loss to cause post-spinal headache. 

Clinical features: 
• Patient can present with headache anytime 

between 12-72 hours depending when he/ she 
stans sitting or ambulation. 
The pain in throbbing in nature and is usually 
occipital however can occur in any part of 
the brain. Headache may be associated with 
nausea, vomiting, dizziness, tinnitus, diplopia 
or even seizures. 
As there is meningeal stretching the pain may 
be associated with stiffness and pain in neck; in 
that case it has to be differently diagnosed from 
meningitis. As the CSF pressure at lumbar level 
become double in sitting position leading to 
more loss of CSF, the typical symptomatology 
of post spinal headache is that patient will 
complain of pain in silting and standing 
position while pain gets relived in lying down 
whereas the headache due to meningitis will 
remain same in all positions. 
Incidence: Due to the use of smaller gauge 
needles incidence has been sign ifi cant ly 
reduced now a days, overall it is around I to 
5%. 

ln majority of the cases the headache gets 
resolved in 7 to 1 O days. 

Etiological factors 
• Needle size: Needle size is the single most 

important factor; incidence with 16G needle 
may be 75% while with 26G needle it is 1 co 3%. 
Type of needle: In cidence is significantly less 
with dura separating (pencil rip point) needle. 
Altitude: High incidence at high altitude. 
Type of the patient: Patient with history of 
headaches is more prone for spinal headache. 
Inadequate hydration. 
Pregnancy, female gender and young patients 
have more incidence ofpostspinal headache 
Incidence is less (statistically significant) 
wi th paramedian approach and low glucose 
concentration of the drug. 

Treatment 
Preventive: 

Use of small gauge and dura separating needles 
are the most important preventive measures. 
Adequate hydration so that CSF prod uction 
exceeds loss. 
Avoiding spinal in patient with history of 
headache. 
It is now proven that early ambulation does not 
increase the incidence of post-spinal headache 
if other factors like needle size, needle type are 
taken care of. 

Curative: 
1st Line: First line of management is conservative 
and it includes: 

Ask the patient to lie s upine in slight 
Trendelenburg position as far as possible. 
Analgesics. 
Intravenous lluids (15 mL/kg/ hr) or oral fluids 
3 liters/day. The aim of adequate hydration is 
to increase CSF production. 
Oral or intravenous caffeine: 500 mg of 
caffe ine in I liter of ringer lactate inhibits the 
vasospasm cycle in cerebral vessels. 
Most often headache is relieved by conservative 
measures. 

2nd Line: 2nd line may include abdominal binders, 
desmopressin (retains fluid), inhalation of 5-6% 
CO2 in oxygen (CO2 by cerebral vasodilacion will 
promote CSF production), triptans (sumatriptan, 
zolmitriptan) and xanithol. 
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3rd Line: Third line of management is although 
interventional but definitive method of treatment
It includes a utologous Epidural blood patch. In this 
technique 10-20 mL of the patient's own blood is 
given in the same or just caudal epidural space in 
which spinal was given. Blood will clot and seal 
the rent. 1st blood patch is effective in treating 
headache in 95% patients and 2nd blood patch 
in 99%. 15-20 mL of blood is not likely to cause 
significant hematoma however can cause transient 
radiculopathy. 

The current recommendation favors the early 
application of epidural blood patch if headache 
is compromising the quality of life and not 
responding to conservative management for 24 
hours or in other words there is a very limited role 
left for 2nd line management. 

Other causes of headache after spinal 
anesthesia: 

Meningeal irritation: It is because of chemical 
meningitis or bacterial meningitis. I lead ache 
prod uced by men ingitis is high pressure 
headache and is not rela ted to postural 
changes. 
Queckenstedt's test is employed to differentiate 
between h igh pressure and low pressure 
headache. In th is test applyi ng p ressure 
on jugular veins increases the headache 
in men ingitis while relieves in post-spinal 
headache. 

2. Paralysis of cranial nerves: All cranial nerves 
except 1st, 9th and 10th can be involved after 
spinal anesthesia. Most commonly (90%) 6th nerve 
is involved (because of the longest intracranial 
course of 6th nerve). 

Cause: As a result of low CSF pressure, descent 
of pons and medulla can cause stretching of 6th 
nerve at the apex of petrous temporal bone. 

Clinical fea tures: Paralysis appears after 3rd to 12th 
postopera tive day. Blurred vision, double vision, 
headache, photophobia a re the usual symptoms. 

Treatment 
Prophylactic: 

Vigorous hydration. 
Use of small bore needles. 

Curative: 
Dark glasses wi th outer l / 3rd o f glass to be 
made opaque. 

Ocular muscle exercise. 
Adequate fluids. 

Recovery: 50% cases recover in 1 month and most 
of the cases in 2 years. If recovery is not seen after 
2 years surgical correction should be done. 

3. Meningitis 
Aseptic: Aseptic meningitis was seen in 
past because of the chemical detergents 
used in antiseptic solutions. It is no longer 
a concern in modern day practice because 
antiseptic solutions used now a d ays 
are preservative free. Aseptic meningitis 
responds to symptomatic treatment 

• Infective: Infective meningitis although 
rare (incidence is 0.3 per 10,000 spinals 
and almost double after epidura l) but is 
the matter of serious concern therefore 
h ighest degree o f asepsis should be 
main tained d ur ing the p rocedure. 
Chlorhexidine in an alcohol base is the 
most effective antiseptic. 
Interestingly Streptococcus viridans 
(an oral flora) has been cited as the 
most common organism responsible f or 
meningitis after spinal emphasizing the 
mandatory requirement of facemask 
to be worn by clinicians throughout 
the procedure. llowever after epidural, 
meningitis most often occurs because of 
Staphylococcus epidermidis wh ich can 
contaminate the epidural catheter to 
reach the meninges. 

Treatment: Intravenous antibiotics. 

4. Transient neurological symptoms: Transient 
neurological symptoms (TNS), previously used be 
called as transient radicular irritation, theoretically 
can occur with any local anesthetic used in 
clinical practice however most often it is seen with 
lignocaine The incidence with lignocaine can be 
as high as 10- 11 % (tha t is why Lignocaine is hardly 
used for spinal). 

Patients may complain of pain in buttocks 
radiating to legs wi thout any neurological deficit. 
The symptoms resolve themselves with in few 
days ( < 1 week). 

5. Cauda equina syndrome: Cauda equina 
syndrome (CES) is one of the classical examples 
of neurotoxicity caused by local anesthetic. 
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It is usually seen with lignocaine when given 
as continuous spinal with small bore catheters 
however there has been case reports of CES 
reported with single shot spinal with lignocaine. 
Although, ii most often occurs with spinal but there 
has been case reports of CES with epidural too. 

Clinical features: Retention of urine, incontinence 
of feces, loss of sexual functi on and loss of 
sensation in perinea! region. 

Pathological lesion: Vacuolation of nerve fibers. 
Most of these cases recover spontaneously. 

6. Neuropathies: Neuropathies may be caused by: 
Direct trauma to nerve by needle: 
Fortunately majority of neuropathies 
caused by needle trauma resolves 
spontaneously 
Neurotoxicity by local anesthetics like 
TNS and cauda equina by lignocaine. The
preservative used with chloroprocaine has 
caused severe neurological deficits in past. 

7. Paraplegia: Paraplegia is one of the most 
fearsome complications ofneuraxial blocks. It may 
be due to: 

Epidural hematoma: Although bleeding during 
spinal is quite common but the incidence of 
epidural hematoma leading to paraplegia is 
rare (1 :200000). Epidural hematoma large 
enough to cause paraplegia occurs in patients 
on anticoagulants therapy or suffering from 
coagulopathies. 
The presentation is sharp back pain with motor 
weakness and/ or bladder/ bowel dysfunction. 
The diagnosis shou ld be confirmed by MRI 
and ma nageme n t includ es immediate 
neurosurgical intervention to drain the 
hematoma. 
Epidural abscess: Strict asepsis should be 
maintained to prevent this devastating 
complication. The diagnosis should be 
confirmed by MRI and management includes 
immediate neurosurgical intervention to drain 
the abscess. 
Arachnoiditis: Inflammation of arachnoid can 
compromise the vascular supply of spinal cord 
leading to ischemia and permanent paraplegia. 
Arachnoidit is can be infective or non-
infective. Cases of non-infective arachnoiditis 
occurred in the past when procaine was used 
with its preservative. Therefore any drug given 

through meninges as rule must be preservative 
free. Non-infective arachnoiditis has also been 
reported with subarachnoid steroids. 
Spinal cord ischemia: lschemia of spinal 
cord can cause permanent paraplegia. The 
cause of ischemia may be severe prolonged 
hypotension, use of vasoconstrictors (only 
theoretical concern) and arachnoiditis. 
Direct trauma to spinal cord:To avoid this com-
plication spinal in adults should be given below 
L 1 and in children up to 2 years below L3. 

8. Anterior spinal artery syndrome: Epidural 
hematoma, abscess, epidermoid tumor (skin 
ti ssue carried with needle can cause epidermoid 
tumor), can lead to compression of anterior spinal 
artery causing anterior spinal a rtery syndrome 
manifested by motor defici t without involving 
posterior columns. 

9. lnlracranial complications: Sudden changes 
in hydrodynamics of CSF can cause intracranial 
complications like subd ural hematoma, brain 
herniation especia lly uncus or intracranial 
hemorrhage. 

Pruritus: Pruritis is the most common side effect 
ofintrathecal opioids. It can be treated with opioid 
antagonists. 

Backache: Many patients report backache after 
spinal anesthesia however neurax:ial blocks do not 
cause chronic back pain therefore patient must be 
reassured. 

SPINAL ANESTHESIA IN CHILDREN 
Should be given in lower space (L4-5). 
Children less than 8 years are virtually free of 
hemodynamic side effects. 
Due to more CSF volume ( 4 mL/kg vs. 2 mL/kg 
for adul t) dose of local anesthetic required is 
more and duration of block is less. 
Use of narcotics is contraindicated. 
Chances of systemic toxicity is high. 

SADDLE BLOCK 
It is the spinal given in sitting position and the 
patient remains seated for 5-10 minutes till drug get 
fixed. As only sacral segments are blocked it can be 
utilized only fo r perianal surgeries. The advantage 
is that hemodynamic fluctuations are minimal and 
there is no possibility of high spinal. 
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EPIDURAL (EXTRADURAL) ANESTHESIA 
(ALSO CALLED AS PERIDURAL BLOCK) 
Indications 
All surgeries which can be performed under spinal 
anesthesia can be performed under epidural block. 
In addition, epidural can be utilized for upper 
abdominal, thoracic (unde r thoracic epidural) 
and even neck surgeries ( under cervical epidural). 
I lowever in cl inical practice epidural is mainly 
used for postoperative pain management and 
pa inless labor (by continuous infusion through 
a catheter). Epidural is also used in chronic pain 
management. 

Epidural Needles 
The most commonly used needle for epidural is 
Tuohyneedle. It has blunt bevel with curve of 15 to 
30 degree at tip (Fig. 17.2) . This curved tip is called 
as Huber lip. Other needles which can be used 
for epidural are Weiss (it is winged) and Crawford
(straight blunt bevel with no curve). 

Technique 
Like sp inal it can be given in sitting and lateral 
position. Usually epidural space is encountered at 
4-5 cm from skin and has negative pressure in 80% 
individuals. 

Most commonly used method to locate 
epidural space is by loss of resistance lechnique. 
Once the needle pierces the ligamemum flavum 
there is sudden loss of res istance and the syringe 
filled with air or saline will be felt literally sucked 
in epidural space. 

Another popular technique of past, hanging 
drop technique (Gutierrez's sign) {If a drop of 
saline is placed on the hub of needle it wi ll be 
sucked in due to negative pressure once the needle 
is in epidural spacel is hardly used in current day 
practice. 

Once the needle is confirmed in epidural 
space, a test dose of 2-3 ml of hyperbaric lignocaine 
with adrenaline (except for obstetric patient where 
epinephrine should not be used) is given and if in 5 
minutes the re is no evidence of either spinal block 
(inabili ty to move foot) or intravascular injection 

Fig. 17.2: Tuohy needle (for epidural anesthesia) 

(tachycard ia by adrenaline), further doses can be 
given. 

Epidural catheter is passed through the needle. 
3-4 cm or ca theter should be in epidural space. 
A microfilter is attached to catheter to p revent 
contamination. 

Onset of effect takes place in 15-20 1ninutes. 

Site of Action of Drug 
Anterior and posterior nerve roots (main site 
of action). 
Mixed spinal nerves. 
Drug diffuses through dura and arachnoid and 
inhibits descending pathways in spinal cord. 

Drugs used for Epidural Anesthesia 
Local Anesthetics (Table 17.2) 
Usually 2-3 mL of local anesthetic is required 
for blocking 1 segment; therefore normally 15 to 
20 mL of drug is required. 

Lignocaine (with or without adrenaline): 1-2% 
concenrration is used. 
Bupivacaine 0.625- 0.5%, Ropivacaine 0.1-
1.0% and Levobupivacaine 0. 125-0. 75% 
depending whether used for sensory or motor 
b lock. Ropiuacaine because of if high safety 
profile is most preferred. 
Other drugs like prilocaine, chloroprocaine 

or mepivacaine are seldom used now a day. 
However, a new preservative free preparation of 
chloroprocaine has been recently launched for 
central neuraxial blocks. 

Opioids 
Morphine: 4-6 mg (dilu ted in 10 mL saline). 
Onset within 30 minutes. Effect lasts for 12- 16 
hours. Depodur is an extended-release liposomal 
form ulation of morphine which can provide 
analgesia for 48 hours. 

Fentanyl: 100 mcg {diluted in IO mL saline). Onset 
within 10 minutes. Effect lasts for 2-3 hours. 

• Table 17.2: Local anesthetics for ep idural anesthesia ______ , Drugs 
Lignocaine 
Levobupivacame 
Ropivacaine 
Bupivacaine 

Concentration 
1- 2% 
0.125--0,75% 
0.1- 1% 
0.625 0.5% 
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Fentanyl (2-4 mcg/mL) + bupivacaine (0.125%) 
or ropivacaine (0.2%) (ropivacaine preferred) 
as continuous infusion given by syringe pump 
through epidural catheter is the most commonly 
used combination for postoperative analgesia and 
painless labor. 

Site of action of opioids after epidural 
administration: Opioids after diffusion through 
meninges reaches the spinal cord where they bind 
to opioid receptors present in substanria gelatinosa 
of dorsal horn cells. 

lhe advantages of epidural opioids over local 
anesthetics: 

Only sensory block is produced while with 
local anesthetics there are chances of motor 
blockade if high concentration is used. 
The effect of single dose (especially morphine) 
lasts long (12-16 hrs) obviating the need for 
frequent injections. 
No sympathetic block. 

Disadvantages: 
Respiratory depression: Respiratory depression 
is more profound with less lipid soluble opioids 
like morphine than with more lipid soluble 
(fentanyl, alfentanil, sufemanil). The less lipid 
soluble agents because of prolonged stay in 
CSF mixes with CSF to reaches brain to inhibit 
respiratory medullary centers producing 
delayed respiratory depression after 6- 12 hours. 
Urinary retention. 
Pruritus. 
Nausea and vomiting. 

• Sedation. 

Adjuvant Drugs 
Adjuvant drugs like clonidine, dex.medetomidine, 
neostigmine and ketamine has been tried to 
enhance the onset, augment analgesic effect and 
improve quality of block but with variable results. 

Liposomal Bupivacaine 
Liposomal bupivacaine which can produce longer 
lasting analgesia is currently under investigation. 

Factors Affecting the Spread (Level) 
of Block 

Volume of the drug: It is the most important 
factor. 
Age: Old requiring less dose because volume of 
epidural space is less. 

Gravity (Patient's position): Does not affect 
level too much as in case of spinal. 
Intra-abdominal tumors, pregnancy: Less dose 
is required. 
Level of injection. 
Length of vertebral column: Taller individuals 
requi re higher dose. 
Concentration of local anesthetic: High the 
concentration, higher is the spread 

Factor Effecting Onset and Duration of Block 
The same factors which govern the onset and 
duration of local anesthetics (Refer to Chapter 15, 
page no. 153). 

Advantages of Epidural over Spinal 
• Less hypotension: As the onset of action of 

epidural is slow body gets sufficient time 
to compensate for hypotension making 
epidural a better choice than spinal for cardiac 
compromised patients. 
No postspinal headache however headache 
can occur if dura is punctured accidentally. 
By giving top up doses through catheter level 
of block and duration of anesthesia can be 
changed. 

Disadvantages Over Spinal 
Inadequate (patchy) block/ block failure rate 
is high: Epidural space has fibrous bands and 
other tissues leading to unequal distribution 
of drug producing patchy block/failed block. 
Because of the large size and anatomy LS and 
SI segments are most vulnerable to spared. 
Another reason for failed block is subdural 
block. It is rare complication when drug 
enters the subdural space. The presentation is 
extremely variable. lhere may occur very high 
unilateral block or the re may be block with 
sparing of one modality. 

• lfigher chances of total spinal: Total spinal 
is one of the mos t feared complication of 
epidural. It occurs, if accidently dura is 
punctured during drug injection and whole 
volume (10-20 mL) of drug is injected in 
subarachnoid space. As plain bupivacaine 
and lignocaine are slightly hypobaric th is 
volume will reach cranium producing total 
spinal manifested as marked hypotension, 
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bradycardia, apnea, dilated pupils and 
unconsciousness. 
Prevention 
- Always confi rm the position of needle 

or catheter by giving a test dose wi th 
lignocaine with adrenaline 
Never inject as a bolus, always give drug 
in increments of 3-5 mL and confirm 
negative aspiration ofCSF before injecting 
next increment of the drug. 

Treatment 
Intubate and IPPV with 100% oxygen. 
Vasopressors. 

- Atropine. 
Accidental dural puncture: Although the 
incidence is <l % but if dura gets punctured 
with epidural needle the incidence of 
postspinal headache is very high as epidural 
needles have broader gauge as compared to 
spinal; most often 18 or 19 G epidural needle is 
used to pass 19 or 20G catheter. 
If dura is punctured with epidural needle, 
there are two alternatives: 
- Give hyperbaric local anesthetic through 

this needle, i.e., convert it to spinal. 
Remove the needle and give epidural in 
higher space. 

More chances of epidural hematoma and 
intravascular injection: As the needle or 
catheter is near to epidural venous p lexus 
chances of bleeding, hematoma formation and 
intravascular injection are more. The possibility 
of hematoma formation can be 10 fold higher 
than spinal. As the veins are denser laterally 
the epidura l should be given in midline. 
To prevent intravascular injection inject the 
drug only after confirming negative aspiration 
of blood. 
Higher chances of infectious complications: The 
presence of catheter for many days increases 
the chances of infectious complications 
like meningitis, epidural abscess. Although 
there are no study to exactly confirm the 
maximum safe time for which an epidural 
catheter can be kept however majority of the 
clinicians recommended a maximum period 
of4 days. 
Higher incidence of local anesthetic toxicity: 
Higher volumes used in epidural increases the 
chances of local anesthetic toxicity. 

Higher incidence of neuropathies: Studies have 
shown higher incidence of radiculopathies 
with epidural as compared to spinal. 

• lntraocular hemorrhage: Rapid injection of 
d rug can raise intraocular pressure causing 
subhyaloid bleeding. 
Higher incidence of acute back pain as 
compared to spinal. 
Catheter related complications like broken 
catheter. If the catheter gets broken in epidural 
space and is not infected, it can be left in situ 
(a retained catheter is no more reactive than 
a suture) and reassure the patient however if 
it gets broken in subcutaneous tissue then it 
should be removed. 
Compare to spinal epidural se ts are more 
expensive. 
Technically epidural is more difficu lt as 
compared to spinal. 

COMBINED SPINAL EPIDURAL 
ANESTHESIA 
Combined spinal epidural (CSE) is now very 
commonly performed technique where spinal is 
used for surgery and epidural is utilized if surgery 
gets prolonged or surgeon want to extend the 
incision. Later epidural catheter can be used for 
postoperarive analgesia. 

Technique 
Epidural needle is placed in epidu ral space. 
Through this needle special spinal needle (longer 
ones, 120 mm while normal spinal needle is 
90 mm) is passed and once CSF nows o ut 
hyperbaric local analgesic is injected, spinal 
needle is taken out and epidural catheter is passed 
through epidural needle. 

CAUDAL BLOCK 
(EPIDURAL SACRAL BLOCK) 
It is a type of epidural block commonly utilized 
in children where drug is injected in sacral hiatus 
after p iercing sacrococcygeal membrane. Most 
often utilized to produce analgesia for perianal 
surgeries, geni tal s urgeries like circumcisio n, 
urethral surgeries like urethroplasties or lower 
abdominal su rgeries like herniotomies. I n 
children, it is easy to perform caudal block because 
sacral hiatus can be easily identified. 
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Complications and contraindications are 
same as for epidural. In addition any infection in 
perianal region is a contrainclication for caudal. 

Contraindications for Central 
Neuraxial Blocks 
Absolute 

Raised intracranial tension: Medullary coning 
can cause death if spinal is given to patients 
with raised !CT. Like spinal, epidural should 
not be given to patie nts with raised JCT as 
there is a lways a possibility of accidental dural 
puncture. Moreover, large volume of drug in 
epidural space can increase CSF pressure. 
Patient refusal. 
Severe hypovolemia and hypotension. 
Patients on anticoagulants•: Patie nts on 
anticoagulants can bleed significanlly 10 cause 
epidural hematoma and paraplegia. 

Patients on thrombolytic/ fibrinolytic 
therapy: As there is no clear cut data 
available therefore the traditional 
approach of withholding CNB for 10 days 
after last dose ofthrombolytic/ fibrinolytic 
therapy still holds valid. 
Patients on oral anticoagulants: Central 
neuraxial blocks can be given only when 
prothrombin time becomes normal and 
I R becomes less than 1.5. Warfarin can 
be restarted 2 hours after central neuraxial 
blocks or epidural catheter removal. 
Patients on heparin 
• Standard (unfractioned) heparin: 

- If the dose is < 10,000 units/day 
subcutaneously, central neuraxial 
blocks (CNB) can be given without 
any delay. However, if the dose 
is >10,000 units/ day then CNB 
should be given only 8 hours after 
last dose of heparin. 

- Heparin can be restarted safely 
after l hour of CNB. 

- Epidural cath e te r sh ould be 
removed 4 hours after last dose 
of heparin and heparin can be 

restarted 1 hour after catheter 
removal. 

• Low molecular weight heparin 
(LMWH) {unfractioned}. 

It is considered safe lo give central 
neuraxial block J 2 hours after 
last dose of LMWH if the dose is 
prophylactic (dose of enoxaparin 
< 40 mg) however if doses are 
therapeutic then central neuraxial 
blocks should be given only after 
24 hours. 
LMWH can be safely given 6 
hours after central neuraxial 
blocks however if the CNB was 
traumatic (bloody) then LMWH 
(and unfractionated heparin also) 
should be delayed for 24 hours. 
It is safe to start prophylactic dose 
ofLMWH with epidural catheter in 
situ however if LMWH is required 
in therapeutic dose then catheter 
has to be removed before starting 
LMWII. 

- Epidural catheter should be 
removed 10 hours after last 
of LMWH and LMWH can be 
restarted 2 hours after removal of 
catheter. 

Patients on new anticoagulants 
CNB should be delayed for 48 hours 
afte r fondaparinux, 72 hours after 
rivaroxaban (Xare lto} and 5 days 
after dabigatran (Pradaxa). They can 
be given safely 6 hours afte r CNB or 
epidural catheter removal. 
Patients on antiplalelels: Patients 
on aspirin and NSA/Ds can be 
safely given central neuraxial 
blocks while for other antiplatelets 
C B should be delayed for 7 days 
after clopidogrel, dipyridamol, and 
prasugrel, 14 days after eticlopidine, 
2 d ays after abciximab a nd 8 hours 
after ep tifibatide. Antiplatelets can 

•Different countries (and even different societies within a coumry) follows different guidelines however the most 
acceptable guidelines arc the guidelines prescribed by American Society of Regional Anesthesia and Pain Medicine 
(ASRA). Recommendations mentioned here arc based on most recent (3rd and 4th) editions of ASRA. 



• SECTION 6: Regional Anesthesia 

be restarted 6 hours after CNB or 
epidural catheter removal. 

Bleeding disordcrs/coagulopathy. In Patients 
suffering from bleeding diathesis there are 
very high chances of epidural hematoma and 
paraplegia. 
Infection at local site. 
Severe fixed cardiac output lesions (aortic 
and mitral stenosis, constrictive pericarditis, 
coarctation of aorta): These patients can not 
compensate for decrease in cardiac output 
and cannot tole ra te fluid overload, therefore 
should not receive CNB. 

Relative 
Mild to moderate fixed cardiac output lesions: 
Mild to moderate cases can be given central 
neuraxiaJ block if necessary. Epidural because 
of less hypocension is preferred over spinal. 
Mild to moderate hypotension and hypo-
volemia. 

Uncontrolled hypertension: Uncontrolled 
hypertensives may develop sudden hypo-
tension after spinal. Controlled hypertensives 
can safely receive central neuraxial blocks. 
Severe ischemic heart disease especially 
history of recent MI. 
Thrombocytopenia: Patients with platelet 
count more than 80,000/ cubic mm can be 
safely given central neuraxia l blocks. Platelet 
count between 50,000- 80,000/cubic mm is a 
relative conn·aindication while count less than 
50000 becomes an absolute contraindication. 
Heart blocks and patient on Bblockers: Severe 
bradycardia can occur. 
Spinal deformity and previous spinal surgery: 
Due to distorted anato my CNB not only 
becomes technically d ifficult there are 
a lso increased chances of traumatic nerve 
injury especially in patient with spina bifida 
or in patient underwent mult iple levels of 
laminectomies. 

• Table 17.3: Comparison between spinal and epidural anesthesia 

Cost 
Onset 
Duration 

Technically 
Quality of block 

Change of level of block 

Block fai lure rate 
Uses 

Level 

Complications 
1. Hypotension 
2. Postspinal headache 

3. Epidural hematoma 
4. Infectious complications 
5. Neuropathies 
6. lntravascular injection and 

drug toxicity 
7. Total spinal 
8. Catheter related 

complicat ions 

Spinal 
Cheap 

Fast 
Less (45 minutes to 1 hour with lignocaine 
and 2- 3 hours with bupivacaine 

Easy 
More dense 
Not possible once drug gets fixed 

Less 
For surgeries 
Given at lumbar level 

More 
Yes 

Less 
Less 
Less 
Less 

Very rare 
Not seen (can happen w ith spinal 
catheters but they are hardly used) 

Epidural 
Expensive 

Slow (15 20 minutes) 
Prolonged and wit h epidural catheter 
longer duration surgery can be 
performed by giving top up doses. 

Difficult 
Patchy block is common 
Can be changed by giving top of doses 
through catheter 
More 
Mainly for analgesia 
Can be given at sacral, lumbar, thoracic 
or even cervical level 

Less 
No (can happen with accidental dural 
puncture) 
More 
More 
More 
More 

More chances 
Seen 
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Psychiatric and uncooperative patients: These 
patient will not cooperate during pos itioning. 
History of headache: For unknown reasons 
patients with history of h eadache are more 
vulnerable for post spinal headache. 
G!Tperforalion:TheoreticalJyparasympathetic 
over activity increases the peristalsis and can 
open the seal. 
Myelopathy and peripheral neuropathies: 
The evidence tha t CNB (and other peripheral 
b locks also) exaggerates an existing n europathy 
is lacking. Nerve blocks should be avoided in 
these patients for m edicolegal reasons. If a 
nerve block has to be given in such patients it 
is mandatory to m ention all the deficits in pre-
anesthetic sheet to avoid an y litigation. 
CNS disorders: 
- Multiple sclerosis: Due to increased 

sensitivity of local anesthetics patients 
of multiple sclerosis exhibit a p rolonged 
block however, the evidence proving 
the exacerbation of multiple sclerosis 
symptoms by centra l neuraxial b locks is 
lacking. 

- Spina l stenosis: These patients may be a t 
increased risk of neurologic complications 
after neuraxial blocks 

KEY POINTS 

Resistant s urgeon 
Chronic backache: C hronic low ba ck 
pain without neurologic d e fic it is not a 
contraindication for CNB. Moreover CNB 
does not causes the exacerbation of back pain 
however many clinicians avoid C B in su ch 
patients to avoid medicolegal hassles. 
Septicemia and bacteremia. 

LEVEL OF BLOCK REQUIRED 
FOR COMMON SURGERIES 
Whe n deciding the level of b lock it is important to 
block nerve supply of all the organs involved during 
s urgery, not on ly the level of skin incision. For 
example, Skin inc ision level for cesarean section is 
a t Tl 1 level but since intestine and peritoneum are 
also handled, block required is up to T4. Level of 
block required for som e common surgeries: 
Cesarean section Up to T4. 
Prostate Up to no. 
Testicular surgeries Up to TIO. 
Hernia Up to no. 
Appendix Up to T8. 
Hysterectomies Up to T6. 
Perianal surgeries Sacral segments. 

For comparison between spinal and epidural 
anesthesia see Table 17.3. 

• The line joining the highest point on iliac crest corresponds to L4 and LS 1nterspace or L4 spine. 
• Spinal cord extends from medulla oblongata to lower border of L 1 in adults and L3 in infants. 
• The sequence of blockade after CNS is autonom,c > sensory > motor. 
• Several meta-analyses have shown a reduced risk as high as 30% in overall mortality and morbidity in patients 

who underwent surgeries under CNS as compared to GA. 
• Apnea after spinal anesthesia 1s usually due to severe hypotension. 
• The most common cause of nausea and vomiting is hypotension. 
• Hypotension s the most common complication of spinal anesthesia. 
• Urinary retention is the most common postoperative complication of central neuraxial blocks in present day 

practice. 
• Hyperbaric bupivacaine is the most commonly used drug for spinal. 
• Dose and Baricity are 2 very important determinants of level of block. 
• Ephedrine is the most preferred vasopressor for the treatment of sp,nal hypotension. 
• High spinal is associated with bradycard1a and hypotension. 
• The drug of choice for treatment of shivering is pethidine. 
• Postspinal headache is low pressure. meningovascula1 headache. 
• Postural relation, i.e. pain in sining and standing position and getting relived in lying down is diagnostic of 

postspinal headache. 

Contd ... 
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Contd ... 

• Use of small gauge and dura separating needles are the most important preventive measures to prevent post 
spinal headache. 

• 6th s most commonly involved crania1 nerve after spinal anesthesia. 
• Screptococcus viridans has been cited as the most common organism responsible for meningitis after spinal 

while Staphylococcus epidermidis is the most common organism responsible for meningitis after epidural. 
• Transient neurological symptoms and cauda equina syndrome lead to almost elimination of lignocaine for 

spinal. 
• The most commonly used needle for epidural is Tuohy needle and most commonly used method to locate 

epidural space is by loss of resistance technique. 
• Fentanyl bupivacaine or ropivacaine as continuous infusion is the most commonly used combination for 

postoperative analgesia and painless labor. 
• There 1s less hypotension in epidural as compared to spinal. 
• Chances of infectious complications, epidural hematoma and neurotoxicity is more with epidural as compared 

to spinal. 
• It is considered safe to give central neuraxial block 12 hours after last dose of LMWH and LMWH can be g ven 

safely given 6 hours after central neuraxial blocks. 
• Patients on aspirin and NSAIDs can be safely given central neuraxial blocks while CNB should be delayed for 

7 days aher clopidogrel. 
• Patients with platelet count more than 80,000/cubic mm can be safely given central neuraxial blocks. 



SE CT I ON 

Anesthesia for 
Coexisting Diseases 





CHAPTER 18 
Anesthesia for Cardiovascular Diseases 

(For Noncardiac Surgeries) 

ISCHEMIC HEART DISEASE 
The patients coming for surgery with ischemic 
heart diseases (!HD) have been on constant r ise. 

Preoperative Evaluation 
Preoperative evaluation should be done in detail 
with special emphasis on assessing the effort 
tolerance. Effort tolerance > 4 METS is generally 
associated with lesser complications. A very 
important part of the preoperative evaluation 
of cardiac patients is to stratify their cardiac risk 
based on Lee revised cardiac r isk index which 
includes the following 6 parameters: 
I. High risk surgery like aortic surgery or 

thoracotomies. 
2. History of ischemic heart disease 
3. History of cerebrovascular disease 
4. History of congestive heart failure 
5. Insulin dependent diabetes mellitus 
6. Preoperative serum creatinine > 2 mg/dL. 

Investigatio ns: Special investigations like 
Holter, exercise electrocardiography (Treadmill 
test), echocardiography or dobutam ine stress 
echocardiography (DSE), myocardial pe rfusion 
scan or coronary angiography should be done 
based on the medical condition of the patient after 
consultation with cardiologist. 

Management of existing drug therapy: 
/3-blockers: B-blockers muse not be stopped 
a t any cost if the patient is on [3-blockers 
(stopping [3-blockers can significantly increase 
morbidity and mortality) however they should 
not be started afresh in a patient who is not on 
B-blockers unless they can be started at least 
l week before surgery. 

Antiplatelets: Aspirin should be continued, 
Clopidogrel to be stopped 5 days before 
(however central neuraxial block can be given 
only after 7 days) and prasugrel to be stopped 
7 days before surgery. 
Rest all antianginal drugs (nitrates, calcium 
channel blockers, ACE inhibitors) should be 
continued. 

Timing of surgery: 
Elective surge,y must be deferred for 6 weeks 
(preferably 3 months) after an episod e of 
ischemia/infa rct if the patien t was created 
without stenting. 
If the patien t was treated with stent then 
elective surgery must be deferred for 6 weeks 
(preferably 3 months) if bare metal stent was 
used and for 6 months with new generation 
drugelutingstentsand 1 yearwitlz conventional 
drug eluting stents. 
If the patient was treated by coronary artery 
pass graft (CABG) then elective surgery should 
be deferred for 6 weeks (preferably 3 months). 

Monitoring 
ECG: Other than routine monitoring, ECG is 
mandatory. Lead V5 is the best co diagnose left 
ventricle infa rction and lead II for arrhythmia 
(as well as inferior wall MI) therefore a 
combination of lead II and VS can detect 
majority (94-95%) of intraoperative ischemic 
events. Monitors with facility of ST analysis are 
ideal for these patients. 
lnvasive monitoring like central venous 
pressure (CYP) or invasive BP monitoring 
should be considered only iflarge intravascular 
fluid shifts are expected. Similarly, pulmonary 
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artery catheterization is reserved for extreme 
situations only. 
Transesophageal echocardiography (TEE): 
TEE is the earliest and most sensitive monitor 
to detect intraoperative infarction (can detect 
more than 99% of ischemic events) however 
it limitations like cost, extensive tra ining 
in interpretation and application only in 
intubated patients (while ischemic events do 
occur more common ly during intubation) 
limits its use as a routine monitor. 

Anesthetic Management 
The most important goa l of anesthetic 
management for patients of ischernic heart disease 
is to avoid a imbalance between myocardial oxygen 
demand and supply therefore anything which 
decreases myocardial oxygen supply like anemia, 
hypotension, hypocapnia (by causing coronary 
vasoconstriction), tachycardia (by decreasing 
diastole time) or increasing oxygen demand like 
tachycardia, hypertension (by increasing after 
load), stress, sympathetic stimulation are not 
permitted. 

Choice of anesthesia: Although central neuraxial 
blocks (CNB) are not absolutely contraindicated 
but hypotension associated with spinal can 
be dele terious therefore general anesthesia is 
preferred over CNB. 

Prem eclication: As stress can precipitate Ml, pre-
medication with anxiolyrics like benzodiazepines 
is must. 

Induction: Cardiovascular stability of etomidate 
makes it an induction agent of choice for cardiac 
patients. Other JV agents like thiopentone and 
propofol can be used ifhypotension can be avoided 
however ketamine must not be used because it can 
stimulate sympathetic system. 

As tachycardia and hypertension can 
precipitate MI they are not acceptable at any cost 
therefore sympathetic stimulation seen during 
laryngoscopy and intubation must be blunted by 
lignocaine, B-blockers or opioids. 

Maintenance: 
Although inhalational agents decrease the 
cardiac output however inhalational agents 
can be safely used if patient's left ventricular 
Junction is normal. The concern of isoflurane 

induced coronary steal is only theoretical 
therefore if necessary it can also be used safely 
for !HD patients. 
Patients with compromised left ventricular 
Junction cannot receive inhalational agents 
therefore anesthesia is best maintained with 
opioids. 

• Nitrous oxide should be avoided for two 
reasons. First, it may cause mild sympathetic 
stimulation and second, it is a pulmonary 
vasoconstrictor. 
Vecuronium is the most cardiac stable muscle 
relaxant therefore muscle relaxant of choice 
for cardiac patients. 
Reversal: Only glycopyrrolate (no atropine) 
should be used along with neostigmine. 

Postoperative period: Interest ingly majority 
of Ml occur in postoperative period (within 48 
hours) therefore all the events which can cause 
misbalance between myocardial oxygen demand 
and supply (especially pain) should be avoided in 
postoperative period. 

Treatment of lntraoperative 
Myocardial Infarction 

If the patient is hemodynamically unstable 
Intravenous nitroglycerine (mainstay of 
treatment) 
B-blockers 

lfthe patient is hemodynamically unstable 
- Treat arrhythmia as per advanced cardiac 

life support (ACLS) protocol 
Intra-aortic balloon pump 

- lnotrope for circulatory support 
Percutaneous intervention (PCI) angio-
graphy and/ or angioplasty as early as 
possible in postoperative period. 

Emergency Surgery in Patients with Stents 
As stated earlier that e lective surgery should be 
deferred for 6 weeks in patients with bare metal 
stents and for l year in patients with drug eluting 
stents however patients with stents do come for 
emergency surgery. 

As these patients are on dual antiplatelet 
therapy (Aspirin+ Clopidogrel) decision has to be 
taken as whether to continue or stop antipla1elet 
therapy. Stopping antiplatele t therapy carries 
the risk of thrombotic complications (including 
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coronary or cerebral thrombosis) while continuing 
therapy carries the risk of bleeding. Thrombotic 
complications are more devastating and are not 
in the control of surgeon and anesthetist whereas 
bleeding complications are controllable (by 
p ressure or platelet therapy} therefore continuing 
antiplatelet therapy is always preferred except 
for few situations, like major vascular surgeries 
or neurosurgeries, where bleeding may not be 
acceptable/controllable. 

VALVULAR DISEASES 
• The most important goal of preoperative 

assessment is to assess the severity of valvular 
lesion. 
Invasive monitoring (pulmonary artery 
catheterization or transesophageal echo-
cardiography} is only reserved for severe cases 
of valvular lesions. 

Mitral Stenosis 
Mitra! stenosis (MS) is considered to be severe if 
transvalvular pressure gradient is > 10 mm Hg 
(normal < 5 mm Hg}. 

Anesthetic Management 
Avoid tachycardia: Tachycardia by decreasing 
the diastole will decrease the left ventricular 
filling and hence stroke volume and cardiac 
output. 

• Avoid hypotension: As these patients have 
already low cardiac output, hypotension can 
be detrimental. 
Avoid sudden increase is blood volume: MS 
patients if given volume overload may develop 
pulmonary edema. 
Avoid hypoxia, hypercarbia: Hypoxia and 
hypercarbia by causing pulmonary vaso-
constriction can worsen already existing 
pulmonary hypertension. 

Choice of Anesthesia 
Central neuraxial blocks (CNB} should be avoided 
as hypotension is not acceptable in already low 
cardiac output state and moreover fluid infusion 
can precipitate pulmonary edema however 
CNB can be considered for mild to moderate 
lesion by ensuring that significant hypotension 
is avoided. 

As atria l fibrillation is seen in one-third 
of the patients with MS, a s ignificant number 
of MS patients will be o n oral anticoagulants 
contraindicating the use of CNB. 

General Anesthesia 
Induction: Etomidate being the most cardiac 
stable is the agent of choice. 

Maintenance: Isofl urane being most cardiac 
stable is most preferred however sevoflurane and 
desfiurane in lower concentrations can be safely 
used. Nitrous oxide can cause mild pulmonary 
vasoconstriction therefore should be avoided. 

Relaxant : As vecuronium is the most cardiac 
stable, it is the muscle relaxant of choice. 

Reversal: As tachycardia is not acceptable atropine 
should not be used with neostigmine. 

Mitral Regurgitation 
Mitra! regurgitation (MR) is said to be severe if 
regurgicant fraction is> 0.6. 

Anesthetic Management 
Avoid bradycardia: Bradycardia by increasing 
the diastole will increase the regurgitation. 
Avoid hypertension: Hypertension by increas-
ing the afterload increases the regurgitation. 

Choice of Anesthesia 
As decrease in afterload decreases the regurgitation 
Central neurax.ial blocks appears to be a good 
selection however excessive hypotension should 
be avoided. 

General Anesthesia 
Induction: Etomidate 
A1aintenance: lsoflurane 
Muscle relaxant: Vecuronium 

Mitral Valve Prolapse 
Generally mitral valve prolapse (MVP) is a 
benign condition however can become clinically 
significant if associated with mitral regurgitation 
(MR}. The hemodynamic principles of manage-
ment of MVP without MR and with MR are 
different. For example, increasing left ventricular 
volume by giving nuids, by causing bradycardia 
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and hypertension d ecreases the degree of 
prolapse while on the othe r hand the same 
interventions are detrimental if there is associated 
MR. Therefore it is very important to assess in 
preoperative period whether MVP is associated 
with MR or not. 

Majority of the MVP cases have normal left 
ventricular function therefore can be given CNB or 
GA. If GA is to be given then cardiac stable drugs 
(Etomidate, Isotlurane and Vecuronium) should 
be preferred. 

Aortic Stenosis 
Among the valvular lesions aorticstenosis (AS) have 
most devastating complications like infarction, 
arrhythmia or even sudden death. 75% of the 
symptomatic patients with severe AS ( transvalvular 
gradient > 50 mm Hg or aortic valve orifice is less 
than 0.8 cm2) may die within 3 years without valve 
replacement. 

Anesthetic Management 
Maintain normal sinus rhythm; neither 
bradycardia nor tachycardia is acceptable. 
Bradycardia can cause over distension of 
already hypertrophied left ventricle wh ile 
tachycardia by decreasing the ventricular 
filling can further decrease the cardiac output. 
Maintain normal blood pressure. Hyper-
tension by increasing the afterload can 
further deteriorate left ventricular funct ion. 
Hypotension is not acceptable at any cost; 
severe hypotension by reducing the coronary 
b lood flow can p recipitate myocardial 
ischemia or even cardiac arrest. Unfortunately 
patients with severe AS may not be able 
to generate adequate stroke making CPR 
to be ineffecti11e. Therefore hypotension 
should be managed very aggressively. As 
phenylephrine does not causes tachycardia 
it is the vasopressor of choice for patients 
with AS. 

Choice of Anesthesia 
As central neuraxial blocks can cause hypotension 
therefore anesthetic technique of choice is GA. 

General Anesthesia 
Induction: Etomidate. 

Maintenance: 0 2 + N20 and isotlurane if LV 
function is not significantly compromised however 
if LV fun ction is compromised then opioids are 
selected over inhaJational agent. 

Muscle relaxan t: Vecuronium. 

Aortic Regurgitation (AR) 
Avoid bradycardia and hypertension. 
Bradycardia by increasing d iastole and 
hypertension by increasing the afterload can 
increase the regurgitant fraction. 
As decrease in afterload decreases the 
regurgitation central neuraxial blocks appears 
to be a good selection however excessive 
hypotension should be avoided. 

General Anesthesia 
Induction: Etomidate 

Maintenan ce: 0 2 + N20 and isoflurane if LV 
function is normal otherwise opioids. 

Muscle re laxant: Vecuronium. 

Considerations for Patients on 
Prosthetic Heart Valves 
Prosthetic heart valves may be mechanical (more 
prone for thromboembolism but have long life 
of 20-30 years) or bioprosthetic ( less prone 
ror thromboembolism but have shorter life of 
10- 15 years). The two most important consider-
ations for patients on prosthetic heart valves are: 

They are on oral anticoagulants: As discussed
in Chapter 4, page no. 48 stop Warfarin 5 days 
before and start heparin which is stopped 
12- 24 hours before surgery. 
They need antibiotic prophylaxis to prevent 
infective endocarditis: There has been drastic 
change in guidelines for antibiotic prophylaxis 
for patientw:ith prosthetic heart valve. Contrary 
to the previous recommendation of antibiotic 
prophylaxis to all patients undergoing any 
procedure the new guidelines recommends 
antibiotics prophylaxis only for the following 
conditions: 
- The dental procedures which involves 

gingiva, oral mucosa and periapical 
region of teeth. 
Invasive procedure that involve incision 
on infective tissue. 
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CONGENITAL HEART DISEASES 
Left to Right Shunts [Ventricular Septal 
Defect (VSD), Atrial Septal Defect (ASD) 
and Patent Ductus Arteriosus (PDA)] 
Anesthetic Management 

Increase in systemic vascular resistance 
(SVR) or decrease in pulmonary vascular 
resistance (PVR) increases the shunt fraction 
in left ro right shunts, therefore the basic aim 
of anesthetic management is to maintain low 
vascular resistance (hypotension) and high 
pulmonary vascular resistance. 
Antibiotic prophylaxis to prevent infect ive 
endocarditis is recommended for VSD 
and PDA however for ASD only if there is 
concomitant valvular abnormality (m itral 
valve prolapses may be associated with ASD) 

Choice of Anesthesia 
As central neuraxial blocks can cause hypotension 
therefore will be beneficial however excessive 
hypotension may not be acceptable in already low 
cardiac output state. 

General Anesthesia 
Induction: Propofol or thiopentone (causes 
hypotension). Although increase in pulmonary 
blood flow causes dilution of IV agents however 
this has no clinical implication. 

Maintenance: 0 2 + 20 and isoflurane (sevo-
flurane, halothane or desflurane <6% can a lso be 
safely used) + positive pressure ventilation (IPPV). 
Tnhalational agents are beneficial by decreasing 
SVR while nitrous oxide and IPPV are beneficial by 
increasing the PVR. 

Muscle relaxant: Vecuronium. 

Right to Left Shunts (Cyanotic Heart 
Diseases) [Tetra logy of Fallot (TOF), 
Eisenmenger Syndrome, Transposition of 
Great Vessels] 
Anesthetic Management 

Decrease in systemic vascular resistance 
(SVR) or inc rease in pulmonary vascular 
pulmona ry vascu lar resistance ( PVR) 
increases the shunt fraction therefore the aim 

of anesthetic management is to maintain high 
vascular resistance (hypertension) or decrease 
pulmonary vascular resistance. 
Antibiotic prophylaxis to prevent infective 
endocarditis is must 
As there is compensatory erychrocytosis there 
are very high chances of thromboembolisrn. 
Paradoxical embolism can be disastro us 
complication therefore avoid even minute 
volume of air through IV lines. 

Choice of Anesthesia 
As central neuraxial blocks cause hypotension 
therefore should be avoided; GA is /he anesthetic 
technique of choice. 

General Anesthesia 
Induction: As ketarnine increases the systemic 
vascular resistance it is agent of choice for induction 
in right to left shunts. As pulmonary circulation 
is bypassed the induction with IV agents will be 
rapid. 

Maintenance: 0 2 (50%) + N2O (50%) + Ketamine 
infusion (or desflurane >6% if LV function is 
normal). 

Induction with inhalational agents is delayed 
due to dilutional effect of shunted blood which 
does not contain inhalational agent. Although 
nitrous oxide increases the pulmonary vascular 
resistance but this disadvantage is offse t by 
increase in systemic vascular resistance produced 
by nitrous oxide due to sympathetic stimulation. 
As high FiO2 (delivered oxygen) decreases the 
PVR therefore rhe concentration of oxygen used is 
50% (not 33%). Positive pressure ventilation and 
acidosis can increase PVR therefore avoid excessive 
airway pressure and treat acidosis promptly. 

Muscle relaxant: As pancuronium causes hyper-
tension it is the muscle relaxant of choice. 

Coarctation of Aorta 
Majority of the coarctation are post ductal (distal 
ro subclavian artery). The patient is at risk or 
ischaemia to spine, gut, kidney and lower limbs 
therefore blood pressure monitoring in lower limbs 
is must in these patients and ensure that mean 
arterial pressure of lower limb remains at least 
>40mm I-lg. 
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HEART FAILURE 
The patient in heart fai lure carries very high risk 
of perioperative morbidity and mortality therefore 
elective surgery is contraindicated in patient with 
heart Jailure. 

ll1e most common cause of right heart fa ilure 
is left heart failure. 

The ac ti va tion of renin -a ngi otensin-
aldosterone system (RAAS) plays a very important 
role in pathophysiology of heart failure. Therefore, 
inhibitors of RAAS, i.e. angiotensin convert ing 
enzyme (ACE) inhibitors, angiotensin II receptor 
blockers (ARB) and aldosterone antagonist 
remains the primary drugs for the treatment of 
chronic heart failure. 

Anesthetic Management 
The basic anesthetic principle of management 
lies in accordance with the 3 basic principles of 
management of heart failure, i.e. decrease preload, 
improve myocardial contractility and decrease 
afterload. 

Medications: 
Digitalis and B-blockers are continued. 
ACE inhibitors and ARB are stopped 1 day 
before if exclusively used for the treatment 
of heart failure however if used for coexisting 
hypertension then they a rc continue d, 
omitting the morning dose on the day of 
surgery. 
Diuretics should be withheld on the day of 
surgery. 
As these patients are on diuretics and digitalis 

checking preoperative electrolytes (especially 
potassium) is must. 

Choice of Anesthesia 
Central neuraxia l blocks are benefic ial by 
decreasing preload (venous return) and afterload 
(systemic vascular resistance) however excessive 
hypotension should be avoided. 

General Anesthesia 
Induction: Etomidate is the induction agent of 
choice. Ketamine appears to be beneficial by its 
positive inotropic effect however tachycardia 
produced by ketamine may negate this effect by 
decreasing the diastolic filling time. 

Maintenance: 0 2 + 20 and opioids. lnhalational 
agents can be used if LV function is not very 
significantly compromised. 

Muscle relaxant: Vecuronium. 
lnotropic support with dopamine or dobuta-

mine may be required intraoperatively. 
Positive pressure ventilation is beneficial by 

decreasing the venous return. 

CARDIOMYOPATHIES 
Hypertrophic Cardiomyopathy 
Hypertrophic cardiomyopathy (HCM), also called 
as subaortic srenosis is the most common genetic 
cardiovascular disease. Dynamic left ventricular 
outflow obstruction (LVOT) is the most important 
feature of HCM. Anything which increases the 
myocardial conrractility (sympathetic stimulation, 
p agonists) or decreases the left ventricular volume 
[decrease preload (hypovolemia, venodilatation) 
or decrease afterload (hypotension, vasodilators)) 
promotes the left ventricular outflow obstruction. 

Anesthetic Management 
1l1e most basic principle of management of HCM 
is to avoid any factor which increases LVOT. 

Choice of Anesthesia 
Central neurax ial blocks (especially spinal) can 
increase LVOT by decreasing preload and afterload 
therefore should be avoided. 

General Anesthesia 
Induction: Etomidate is the induction agent o f 
choice. Drug like ketamine which stimulate sym-
pathetic system are contraindicated. Sympathetic 
stimulation caused by intubation must be blunted. 

Maintenance: Opioids are preferred however 
inhalational agents can be used ifhypotension can 
be well controlled. Positive pressure ventilation 
can increase LVOT by decreasing the veno us 
return therefore low tidal volu mes should be used. 

Muscle re laxant: Vecuronium is the preferred 
muscle relaxant. Pancuroniwn is contraindicated 
because it can cause sympathetic stimulation. 

Pulmonary edema in these pa tients can 
not be treated by diuretics (decreases preload), 
nitrates (decreases afterload) and digitalis 
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(increases myocardial contractiliry). Therefore 
is treated by vasopressors (phenylephrine) and 
B-blockers (Esmolol). 

Other Cardiomyopathies 
Dilated cardiomyopathy is the most common 
cardiomyopathy. It may be primary (idiopathic) 
or secondary like alcoholic or peripartum 
cardiomyopathy. The anesthetic management 
principles are exactly same for heart failure. 

Considerations in Cardiac Transplant Patients 
They are immunocompromised so strict asep-
sis should be maintained during procedures. 
Transplant heart is denervated therefore 
bradycardia wil l not respond to atropine; 
it should be treated by direct agonist like 
isoproterenol. 
Transplant heart can increase cardiac output 
by increasing the stroke volume therefore 
adequate preload (imravascular volume) is 
must. 

PERICARDIAL DISEASES (CONSTRICTIVE 
PERICARDITIS/CARDIAC TAMPON ADE) 
Patients with pericardia! diseases are in low 
cardiac output state therefore central neuraxial 
blocks (spinal/ epidural) are contraindicated. 

Pericardiocencesis should be done under local 
anesthesia before proceeding to GA. 

General Anesthesia 
Induction: Ketamine by stimulating sympathetic 
system will increase the cardiac output. 

Maintenance: Opioids. 

Muscle relaxant: Pancuroniurn by stimulating 
sympathetic system wi ll increase the cardiac 
output. 

CONSIDERATIONS IN PATIENTS ON 
CARDIAC IMPLANTED ELECTRONIC 
DEVICES (PACEMAKERS) 
Patients with cardiac implanted electronic devices 
(CIED) are seen more frequently in current day 
practice. CIED are used for treating: 

Bradyarrhythmias-sick sinus syndrome being 
the most common indication 
Tachyarrhythmias-Ventricular as well atrial 

Ventricular dysfunction: Cardiac resyn-
chronization therapy (CRT) [also called as 
biventricular pacing] is used if LV ejection 
fraction is <35% or QRS > 120 ms 
Ventricular assist devices are used for terminal 
stages of heart failure patients 
Defibrillate or cardiovert in susceptible 
individuals-The patients susceptible for 
ventricular tachycardia/ fibrillation are fined 
with implantable cardioverter-defibrillator 
(ICD). 

Anesthetic Considerations 
The electromagnetic interference (EMI) seen 
during surgery can cause malfunction or even 
complete failure of device which can produce 
life dueatening complications. 'The most common 
source of EM/ is cautery followed by radiofre-
quency devices and MRI (MRI is contraindicated 
for patients with CIED). Hemodynamic altera-
tions or even electrolyte imbalance can cause 
interference. 

To prevent complications related to EMI the 
following precautions should be taken: 
• CIED should be programmed to asynchronous 

mode before surgery. In asynchronous mode 
pacemakers delivers a fixed rate (70-72 beats/ 
minute) irrespective of the patient's own 
rate avoiding the risk of CIED to be effected 
by interference. It can be done by placing a 
magnet over die CIED however preferably this 
should be done by company engineer by their 
special programmed devices. 
Turn off the permanently implanted 
cardioverter-defibrillator (!CD) before surgery. 
If they are kept o n then any interference in 
ECG (by cautery or improper earthing) may be 
read as ventricular fibrillation by !CD devices 
which may deliver shock. 
External defibrillators and pacing devices 
must be kept ready. 
Always prefer bipolar cautery in these patients. 
CI ED should be reset to their original settings as 
soon as the surgery is over. 

HYPERTENSION 
I Jypertension is defined as blood pressure >140/90 
on at least 2 occasions 1-2 weeks apart while 
hypertensive crisis is defined as BP> 180/ 120. 
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Anesthetic Management 
All hypertensive patients should be considered 
to be having isch emic heart disease unti l 
proved otherwise. 
Ideally elective surgery should be deferred 
ti ll the patient becomes normotensive 
however most often this is n ot practically 
feasible and in fact, not desirable also because 
autoregulation range of BP (particularly 
cerebral autoregula tion) get reset at higher 
level in hypertensives. Although there is no 
universal standard cut off limit of BP to delay 
surgery however a general consensus is to 
delay elective surgery if diastolic blood pressure 
is> 110mm Hg. 
Antilzypertensives should be continued except 
ACE inhibitors and angiote11sin II receptor 
antagonist which are stopped on the day of 
surgery. Studies have sh own that patient 
continued on ACE inhibitors and angiotensin 
II receptor antagonist are more vulnerable 
to develop profound hypotension in intra-
operative period. 

Choice of Anesthesia 
Uncontrolled hypertensives are more vulnerable 
for hypotens ion therefore central n euraxial 
blocks (especially sp inal) should be avoided for 
uncontrolled hypertensives. 

General Anesthesia 
lnduction: Etomidate being most cardiovascular 
stable is the ideal agent. When using propofol and 
thiopentone one should keep in mind that these 
patients are more sensitive to hypocensive effects 
of propofol and thiopentone. Drug like ketamine 
which stimulate sympathetic system should not 
be used. Sympathetic stimulation caused by 
intubation must be blunted. 

Maintenance: All inhalational agents can be used 
safely if hypotension is we ll controlled. Selection 
of inhala tiona l agent is based on associated 

KEY POINTS 

comorbidities in hypertensives like cardiac, renal 
or cerebral disease. 

Muscle relaxant: Vecuronium. Pancuronium is 
contraindicared because it can cause sympathetic 
stimulation. 

HYPOTENSION (ANESTHESIA 
FOR SHOCK PATIENTS) 
Patient must be resuscitated to at least mean 
arterial pressure > 65 mm Hg or systolic pressure 
> 90 mm I lg before considering for anesthesia. 

Choice of Anesthesia 
Central neuraxia l blocks are abs olutely 
contraindicated fo r severely hypovolemic and 
relatively contraindicated for mild to moderate 
hypovolemic patient. Other blocks are safe 
however CNS and CVS toxicity of local anesthetics is 
increased in shock due to relatively more perfusion 
to brain and heart. 

General Anesthesia 
The general rule of shock is-whichever drug 
is u sed, it should be given in small incremental 
doses. 

Induction: ketamine is the induction agent of 
choice for shock however in chronic/severe shock 
due to sympathetic de pletion its direct myocardial 
depressant effect may predominate. Due to 
contracted in travascular volume the effects of IV 
agents are exaggerated. 

Maintenance: 0 2 + N20 + Desflurane > 6%. 
Desflurane > 6% stimulates sympathetic system. 
As there occurs concomitant rise in ventilation 
as compensation to metabolic ac idosis, the rate 
of rise of alveolar concentration of inhalational 
agents becomes rapid. 

Muscle re laxants: Pancuronium stimula tes 
sympathetic system therefore is the muscle 
relaxant preferred for shock patients. 

• Effort tolerance > 4 METS is generally associated with lesser complications. 
• Beta blockers should not be started afresh in a patient who is not on beta blockers unless they can be started 

at least 1 week before surgery 

Contd ... 
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Contd ... 
• Aspirin should be continued while Clopidogrel should be stopped S days before surgery. 
• If a patient had myocardial infarction/ischem1a then elect ve surgery must be deferred for 6 weeks if the patient 

was treated without stenting, for 6 weeks if bare metal stent was used, for 6 months if new generation drug 
eluting stent was used, for 1 year if conventional drug eluting stent was used and for 6 weeks if treated with 
coronary artery pass graft (CABG). 

• If a patient with drug eluted stent has to undergo emergency surgery then continuing antiplatelet therapy is 
always preferred. 

• Transesophageal echocardiography(TEE) is the earliest and most sensitive monitor to detect intra-operative 
infarction. 

• The most important goal of anesthetic management for patients of ischemic heart disease is to avoid a 
imbalance between myocardial oxygen demand and supply. 

• Etom1date 1s the induction agent of choice for cardiac patients. 
• Cardiac pauents with normal left ventricular function can safely receive inhalational agents however if left 

ventricular function is compromised then anaesthesia should preferably be maintained with opioids. 
• Vecuronium is the muse e relaxant of choice for cardiac patients. 
• Central neuraxial blocks (CNB) should be avoided for fixed cardiac output lesions ike mitral or aortic stenosis. 
• CPR may be ineffective in patients with severe aortic stenosis. 
• Contrary to the previous recommendation of antibiotic prophylaxis to all patients of prosthetic heart 

valves undergoing any procedure the new guidelines recommends antibiotics prophylaxis only for dental 
procedures which involves gingiva, oral mucosa and periapica1 region of teeth and invasive procedure that 
involve incision on infective tissue. 

• The basic aim of anesthetic management of patients with Left to Right Shunts is to maintain low vascular 
resistance (hypotension) and maintain high pulmonary vascular resistance while for Right to Left Shunts is to 
ma,ntain high vascular resistance (hypertension) or decrease pulmonary vascular resistance. 

• As ketamine increases the systemic vascular resistance it is agent of choice for induction in right to left shunts. 
• Elective surgery is contraindicated in patient with heart failure. 
• Cardiac implanted electronic devices (CIED) should be programmed to asynchronous mode before surgery and 

reset to their original settings as soon as the surgery is over. 
• Permanently mplanted cardioverter-defibrillator (ICD) must be turned off before surgery. 
• Although there is no universal standard cut off limit of BP to delay surgery however a general consensus is to 

delay elective surgery if diastolic blood pressure is> 110 mm Hg. 
• All Antihypertensives should be continued except ACE inhibitors and angiotensin II receptor antagonist 

which are stopped on the day of surgery. 
• Patent in shock must be resuscitated to at least mean arterial pressure > 65 mm Hg or systolic pressure 

> 90 mm Hg before considering for anesthesia. 
• Central neuraxial blocks are absolutely contraindicated for severely hypovolemic and relatively contraindicated 

for mild to moderate hypovolemic patient. 
• Ketamine is the induction agent of choice for shock. 



CHAPTER 19 
Anesthesia for Respiratory Diseases 

Pu lmonary diseases are broadly classified as 
obstructive (asthma and COPD) or restrictive. 

GENERAL CONSIDERATIONS IN 
MANAGEMENT OF PATIENT WITH 
PULMONARY DISEASE 
Preoperative Considerations 

One of the very important parts of preoperative 
evaluation is to determine the major risk 
factors which predispose the patient to post-
operative pulmonary complications. The 
following factors have been cited as the major 
risk factors: 

Age > 60 years 
Severity of pulmonary disease (Dyspnea 
at minimal activity) 

- ASA grade > 2 
- Congestive heart failure 
- Heavy smoker 

Surgery under general anesthesia 
- Surgical fac tors like si te of surgery 

(thoracic and upper abdominal), nature 
(major) and duration(> 3 hours) 

- Serum albumin < 3.5 g/dL 
Dyspnea at minimal activity and site of 

surgery are the two most important predictors of 
postoperative complications. 

Always rule out associated cor pulmonale in 
patients with pulmonary disease. 

• Ideally smoking should be stopped 8 weeks 
before surgery however stopping smoking 12 
hou rs before may be beneficial by reducing 
carboxyhemoglobin levels. 
Although pulmonary function test (PFT) do 
determine the severity of disease but are not 
always predictors of complications therefore 
routine use of PFT is not recommended. 

Patients with pulmonary diseases should 
be given chest physiotherapy, antibiotics, 
bronchodilators and steroids in preoperative 
period to improve their respiratory status. 
Patients who are on steroids at present or 
have taken steroid earlier should receive 
supplemental steroid (for details see Chapter 
4, page no. 49). 
Any infection must be treated before taking tje
patient for surgery. 
Bronchodilators should be continued as 
instructed; however, there is no role of prophy-
lactic nebulization in asymptomatic patient. 
The patient should bring his/ her inhalers with 
him/ her in operation theater (OT). 
Premedication: Premedication with benzo-
d iazepines should be avoided as these 
patients are more sensitive to respiratory 
depression. Theoretically premedicacion 
with anticholinergic is beneficial by causing 
bronchodilatation, however, clinical advantage 
has not been seen. Premedication with H2 
blockers (Ranitidine) shou ld be avoided 
because H2 blockade leads co unopposed H1 
activation and bronchospasm. 

lntraoperative Considerations 
Hypoxia, hypercarbia, acidosis and sepsis are not 
acceptable. 

Choice of Anesthesia 
Regional anesthesia is always preferred over 
general anesthesia. Central neuraxia l blocks 
are excellent choice if the level of b lock 
required is below T6. Level above T6 can 
cause paralysis of abdominal muscles causing 
significant distress (particularly in COPD 



patients} because these patients have active 
expiration dependent on abdominal muscles. 
If general anesthesia is to be given following 
should be given due consideration: 
- Gases must be humidified. Dry gases can 

inhibit ciliary function causing atelectasis 
in postoperative period. Moreover, all 
inhalational agents (except ether) also 
inhibit ciliary activity. 
General anesthesia increases the dead 
space and V/ Q mismatch (for details see 
Chapter I, page no. 7). 

- Ventilatory responses to h ypoxia and 
hypercarbia are blunted by inhalational 
agents, barbiturates and opioids and 
this can be deleterious in a patient on 
spontaneous ventilation. 
Ventilation principle includes low tidal 
volume (6-8 mL/kg) to avoid barotraurna, 
low £: E ratio and slow respiratory rate of 
(6-10 breaths/ min.) to a ll ow adequate 
exhalation and prevent air trapping. 

Postoperative Considerations 
Pulmonary patients are prone to develop atelecta-
sis and hypoxia in postoperative period. Not only 
they require respiratory monitoring and supple-
mental oxygen but lung expansion measures 
(incentive spirometry, chest physiotherapy, deep 
brea thing exercises) s hould also be instituted 
as early as possible. Ideally the improvement 
in pulmonary functions should be guided by 
functional residual capacity (FRC). 

Pain can signifi cantly compromise th e 
pulmonary functions especially in thoracic 
and upper abdominal surgeries therefore pain 
management is most vital for thoracic and upper 
abdominal surgeries in respiratory compromised 
patients. Thoracic epidural is the most preferred, 
most safe, most effective and most commonly used 
approach to achieve analgesia for thoracic and 
upper abdominal surgeries. Other techniques 
which can be used are intercostal block, local 
infi ltration (2 levels above and below the 
thoracotomy incision site), intrapleural analgesia 
and cryoanalgesia with special probes which 
freezes intercostal nerves. Cryoanalgesia, although 
produces effective pain relief, however, not used 
commonly d ue to delayed onset, nonavailability 
of probes and very long lasting effect (nerve 
recovery may even take 1-6 months}. Parenteral 
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opioids can causes respiratory depression therefore 
should be avoided as Jar as possible. 

ASTHMA 
To consider for elective surgery the patient must 
not have active asthma (no wheeze or rhonchi) 
and ideally should have 80% of predicted value of 
peak expiratory flow rate. 

Anesthetic Management 
Choice of Anesthesia 
As discussed regional anesthesia is preferred over 
general anesthesia. Avoid central neuraxial block 
if the level of block required is above T6. The other 
concern of spinal that sympath etic block leads 
to parasympathetic stimulation and consequent 
bronchospasm has not been found to be clinically 
relevant. 

General Anesthesia 
Induction 

Ketarnine in spite of its best bronchodilator 
property is generally avoided due to its 
side effect (especially vivid reactions) and 
propensity to increase tracheobronchia l 
secretions. The use of ke tamine in present 
day practice is restricted to patients in active 
asthma ( wheezing) undergoing life threatening 
emergency surgeries. Ketamine in patient 
taking theophylline can precipitate seizures. 
Propofol is a reasonable bronchodilator devoid 
of side effects seen with ketamine therefore, is 
more preferred for asthma patients in present 
day anesthesia practice. 
Thiopentone can induce bronchoconstriction 
therefore, should be avoided. 
The most important consideration is to prevent 

reflex stimulation of airways by Laryngoscopy and 
intubation. 

Maintenance: Sevojlurane is the inhalational agent 
of choice for asthma patients. Halo thane, in spite 
of producing little more bronchodilatation than 
sevoflurane in asthma patients is not preferred 
because of the increase possibility of arrhythmias. 
As desflurane and isoflurane have irritating effects 
on airways therefore should be avoided. 
Muscle relaxant: Steroidal class of muscle relaxant 
is preferred. Benzylisoquinolines by release hista-
mine can precipitate bronchospasm. 
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To avoid immediate postoperative broncho-
spasm extubation should be done when patient is 
deep (deep extubation). 

Management of lntraoperative 
Bronchospasm 
Diagnosis 
Inrraoperative bronchospasm is diagnosed by 

Wheezing 
Increase in peak airway pressure 
Decrease exhaled tidal volume 
Prolonged phase II (slowly rising CO2) on 
capnography 
Decrease oxygen saturation in extreme cases. 

Treatment 
Step l : Before starting therapy for asthma it 
is must to rule out other causes of increased 
airway pressure/ bronchospasm like obstruction 
of endotracheal tube by secretions or kinking, 
inadequate depth of anesthesia, pulmonary 
edema, aspiration or em bolus, pneumothorax. 
Step 2: Once it is confirmed that bronchospasm is 
due to asthmatic attack it should.first be treated by 
increasing the depth of anesthesia with inhalational 
agent {preferably sevoflurane). 
Step 3: If not relieved by increasing the depth, 
inhaled B2 agonist ( with or without inhaled steroid} 
therapy should be instituted immediately. 
Step 4: Still not relieved by inhaled B2 agonist 
consider giving IV steroids, however, it should be 
kept in mind that the effect of steroids can take few 
hours. 
Step 5: For refra ctory bro nchospasm not 
responding to above said measures consider 
epinephrine, ketamine or aminophyline infusion . 

CHRONIC OBSTRUCTIVE PULMONARY 
DISEASE (CHRONIC BRONCHITIS AND 
EMPHYSEMA) 
Chronic obstructive pulmonary disease (COPD) is 
the most common pulmonary disease encountered 
in clinical practice. 

The anesthetic management of COPD patients 
is similar to asthma patient with additional 
emphasis on the following points: 

Cor pulmonale must be ru led ou t and if there 
is any evidence of pulmonary hypertension 
then nitrous oxide should be avoided. 

• Patients must be stabilized by stopping 
smoking, treating infection, correcting spasm 
(asthmatic bronchitis}, improve pulmonary 
condition by physiotherapy before taking for 
elective surgery. 
Nitrous oxide should not be used in emphy-
sema. It can cause expansion of bullae leading 
to rupture and pneumothorax. 
Ventilation principle of low tidal volumes and 
slow respiratory rate must be adhered . 

RESTRICTIVE LUNG DISEASES 
These patients have low FRC therefore ar e 
more prone for hypoxemia during induction. 
As these patients are very vulnerable to 
barotrauma a voiding large tidal volumes and 
inspiratory pressures is the most important 
principle o f ventilatory management during 
general anesthesia (GA). 

TUBERCULOSIS 
Elective surgery should be deferred in a patient 
of active (open) pulmonary tuberculosis. 
Pu lmonary damage caused by tuberculosis 
should be assessed in preoperative period. 

• Antirubercular drugs should be continued 
however, assessment of liver functions is must. 
Emergency surgery of an active case should be 
perfo rmed in separate theater dedicated for 
infected cases. Equ ipment coming in direct 
contact with patient like mask, laryngeal mask 
airway (LMA), breathing circui ts should be 
discarded after case while other equipment 
and theater should be sterilized properly. 

RESPIRATORY TRACT INFECTION 
Elective surgery is contraindicated in patients with 
lower respiratory tract infection (lung infections). 
The decision to go ahead with elective surgery 
in patient with upper respiratory tract infection 
(URTI) depends on the severity of the disease. 

Patients with minimal URTI (viral infections), 
i.e. only running nose, occasional cough without 
expectoration and afebrile can go ahead with 
elective surgery however if the pat ient has 
sign ifi cant URTI, i.e. significant cough or 
cough with expectoration, fever, signs of lower 
respiratory tract infection like crepitations, signs of 
upper airway obsuuction like stridor then elective 
surgery should ideally be deferred for 6 weeks. 



As airway remains hyperactive for 5-6 weeks after 
a significant URTI. deferring surgery for less than 
6 weeks does nor solve the purpose, therefore 
if surgery has to postponed then it should be 
deferred for 6 weeks otherwise take the patient 
with calculated risks; the incidence of respiratory 
complications in acute phase and recovery phase 
remains same. 

Patients undergoing surgery with accive 
URTI are prone to develop complications like 
laryngospasm (5 times), bronchospasm (10 times), 
hypoxia, increased bleeding from airways, post-
intubation croup, lower respiratory tract infection 
(infection may spread to lower resp iratory tract by 
intubation l eading to pneumonitis, atelectasis or 
even septicemia). 

To avoid these complications the following 
approach should be used in patients w i th active 
URTI undergoing surgery: 

Anesthesia of choice is regional. 
IfGA is to be given then prefer to get /he surgery 
done under laryngeal mask airway (LMA) . 
Avoid intubation as far as possible, however, 

KEY POINTS 
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if intubation is necessary then reflex stimula-
tion of airways by laryngoscopy and intubation 
should be prevented. 
Use of anticholinergic is strongly recom-
mended. 
Humidification of gases is must. 
Be ready for c ricothyroidotomy and/ or 
tracheostomy should there occur significant 
upper airway obstruction. 
Keep the pati ents for longer periods in post-
operative room for respiratory monitoring. 

OPERATIVE CRITERIA FOR 
THORACOTOMY /PNEUMONECTOMY 
The p u l m o nary pathology to the fo llowing 
extent usuaUy requires surgical correction by 
thoracotomy / pneumonectomy. 

FEVl < 2 liters 
FEVl/FVC ratio < 50% of predicted 
Maximum breathing capacity <50% of 
predicted 
PC02 > 45 and P02 < 50 mm Hg at room air 
Oxygen consumption < 10 mL/kg/ min. 

• Dyspnea at minimal activity and site of surgery are the two most important predictors of postoperative 
compl,cations. 

• Always rule out assoc,ated cor pulmonale in patients with pulmonary disease. 
• Ideally smoking should be stopped 8 weeks before surgery however stopping smoking 12 hours before may 

be beneficial by reduong carboxyhemoglob1n levels. 
• The routine use of pulmonary function tests is not recommended. 
• Regional anesthesia is always preferred over general anesthesia for respiratory compromised patients. 
• Ventilation principle for COPD/asthma patients includes low tidal volume (6-8 mUkg), low I: E ratio and slow 

respirarory rate of (6 10 breaths/min.) to allow adequate exhalation and prevent air trapping. 
• Thoracic epidural is the most preferred approach to achieve analgesia for thoracic and upper abdominal 

surgeries while parentera' opioids should be avoided as much as possible 
• Ketamine In spite of its best bronchodilacor property is generally avoided for asthma patients; ,rs use is restricted 

to patents in active asthma (wheezing) undergoing life-1hreaten1ng emergency surgeries. 
• Propofol is preferred over kecamine for asthma patients in present day anesthesia practice. 
• Thiopencone can induce bronchoconstricliOn therefore, should be avoided. 
• Sevoflurane is the inhalational agent of choice for asthma patients. 
• lntraoperative bronchospasm should first be treated by increas,ng the depth of anesthesia with inhalational 

agent (preferably sevoflurane). 
• Nitrous oxide should not be used in emphysema. 
• Elective surgery should be deferred in a patient of active (open) pulmonary cuberculosis. 
• E1ec11ve surgery is contraindicated in patients with lower respiratory tract infection (lung infections). The 

decision to go ahead with elective surgery in pacient with upper respiratory tract infection (URTI) depends on 
the severity of the disease. 

• If surgery has to be deferred in a patient of URTI then it should ideally be deferred for 6 weeks 
• For patient of URTI general anesthesia (GA) w11h laryngeal mask airway (LMA) is always preferred over GA with 

intubacion. 



CHAPTER 20 
Anesthesia for Central 

Nervous System Diseases 

PARKINSON'S DISEASE 
Parkinson occurs due to progressive loss of 
dopamine de fi ciency in brain. 

All medications for Parkinson's disease (PD) 
including levodopa should be continued. 
Discontinuing levodopa increases the chances 
of muscular rigidity in perioperative period. 
Dopamine antagonists like droperidol and 
metoclopramide should not be used. 
The PD patients are prone for arrhythmias 
[due to increased levels of dopamine in body 
( levodopa gets converted LO dopamine)] 
and hypolension (due LO depletion of 
catecholamines by ch ronically elevated 
dopamine levels). TI1ese patients are volume 
depleted (dopaminergic effect on kidneys) 
therefore, adequate fluid replacement is must. 
Anesthetic drugs which increase the muscle 
tone (ke tamine, alfentanil) should be avoided. 

ALZHEIMER'S DISEASE 
The major concern of these patients is that they 
are geriatric, dementic, non-cooperative and more 
prone to develop postopera tive psychosis. The 
rising concern that general anesthesia worsens the 
dementia is not yet fully substantiated by studies. 

EPILEPSY 
As anticonvulsants affect the o rgan systems 
(especially liver function), evaluation of organ 
function is must in preoperative assessment. 
All anliepileptic should be continued. 
Anesthetic drugs wi th epileptogen ic potential 
I Metho hexi tone, ketam i ne (due to its 
preservative), propofol (rare opisthotonous), 
etomidate (myoclonic activity), enllurane, 

sevoflurane and atracurium (Laudonosine)] 
should not be used. 
Spinal/ epidural can be given safely if there are 
no signs and sym ptoms of raised intracranial 
tension (ICT). 
Due to the anticonvulsant property thiopentone 
is the induction agent of choice for epileptics. 
Phenytoin and carbamazepine can potentiate 
t he effect of non-depolarizing muscle 
relaxants. 

STROKE 
After cerebrovascular accident elective surgery 
should be deferred for 9 months. The possibility 
of serious complicat ions like another stroke, 
heart attack or even death is 14 times higher 
if elecrive surgery is performed within three 
months and 5 times higher if surgery is per-
formed within 6 months after stroke. 1 he odds 
are stabilized at 3 times afte r 9 months. 
Due to extrajunctional receptors suxametho-
nium is contraindicated for stroke patients. 
Patients wi th history of transient ischemic 
attacks must have at least carotid Do ppler 
before considering for anesthesia. 

HEADACHE 
Patients of chronic headache should be fully 
investigated to rule out any intracranial lesion 
and signs of raised ICT. 
As analgesics affect the organ systems 
(especially renal function) evaluation of organ 
function is must in preoperative assessment. 
These patients are prone to develop post-
spinal headache therefore, spinal should be 
avoided. 



MULTIPLE SCLEROSIS 
Multiple sclerosis (MS) is an autoimmune disease 
characterized by demyelination of neurons. 

As immunosuppressant drugs affect the organ 
systems (especially hematologic) evaluation 
of organ function is must in preoperative 
assessment. 
Elective surgery should be avoided during the 
relapse of the disease. 
Patients with advanced disease having 
autonomic involvement a re very liable for 
hypotension and bradycardia. 

Choice of anesthesia: Spinal anesthesia (but 
not epidural) and stress can precipitate multiple 
sclerosis; spinal precipitates multiple sclerosis 
probably because of direct exposure of local 
anesthetic to sheath less spinal cord. As peripheral 
nerves are not involved in MS, peripheral blocks 
can be given safely. 

General anesthesia: 
As stress can precipitate MS, blunting stress 
response to intubation and maintain ing good 
depth of anesthesia is must. 
If there is spastic paresis/ paralysis suxa-
methonium becomes contraindicated. 
Hyperthermia is one of a very important risk 
factor to precipitate MS therefore, must be 
avoided at any cost. 

SYRINGOMYELIA 
As there is lower mocor neuron (LM ) paralysis 
suxamethonium must not be used and exaggerated 
response to non-depolarizer is expected. Neuro-
logical deficits and possibility of raised JCT 
warrants the avoidance of central neuraxial blocks 
however, associated scoliosis can cause ventilation 
perfusion mismatch during general anesthesia 
(GA). 

AMYOTROPHIC LATERAL SCLEROSIS 
It is a progressive disease involving upper and 
lower motor neurons therefore, succinylcholine is 
contraindicated. Central neuraxial can exacerbate 
the disease. 

GUILLAIN-BARRt SYNDROME (GBS) 
Central neuraxial blocks can worsen the already 
diseased nerve (double crush syndrome) therefore 
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should be avoided. As there is lower motor neuron 
(LMN) paralysis suxamethonium must not be 
used. 

AUTONOMIC DYSFUNCTION 
The patients with autonomic dysfunction are very 
vulnerable for severe hypotension. Hypotension 
must be treated by directly acting vasopressors 
(phenylephrine), not by indirectly acting 
(ephedrine) vasopressors which act by releasing 
catecholamines. 

SPINAL CORD TRAN SECTION 
Acute Transection 
During first 1-3 weeks patients are in spinal shock 
due to sympathetic cut off therefore, are very 
vulnerable for hypotension and bradycardia. 

Chronic Tra nsection 
Transection above T6 can precipitate autonomic 
hyper-reflexia manifested by severe hypertension 
and reflex bradycardia. Although these patients 
have no sensations below transection however, 
need anesthesia because surgery is a potent 
stimulus for developing autonomic hyper-reflexia. 
Regional anesthesia and deep GA can prevent 
autonomic hyper-rejlexia. Due to extrajunctiona] 
receptors succinylcholine is contraindicated. 

PSYCHIATRIC DISORDERS 

Depression 
All antidepressants including monoamine 
oxidase (MAO) inhibitors (contrary to previous 
recommendation of stopping MAO inhibitors 
2-3 weeks prior) should be continued. 
Antidepressants increase the level of brain 
neurotransmitters increasing the anesthetic 
requirement. 
Acute intake of tricyclic antidepressants (up 
to 3 weeks) by increasing the epinephrine 
and norepineph rine increases the chances 
of arrhythmias (particularly with halothane) 
and hypertensive c risis. Therefore drugs like 
pancuronium, ketamine and local anesthetics 
with adrenaline should not be used. However, 
chronic use causes catecholamine depletion 
increasing the risk of hyporension. Patients on 
MAO inhibitors must not receive pethidine. 
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Anesthesia for Electroconvulsive Thera py (ECT): 
Methohexital, being epileptogenic, is the induction 
agent of choice. If succinylcholine is used to 
prevent muscle contraction, tourniquet should be 
applied in one hand before giving succinylcholine 
to see the seizure acrivity. 

Mania 
Patients are on lith ium which can produce 
diabetes insipidus and electrolyte imbalance. 
Although lithium do enhances the block 
produced by muscle relaxants but th is effect 
seem s to be clinically insignificant therefore, in 
contrary to older guidelines of stopping lithium 
48 before surgery current recommendation is 
to conlinue lithium. The other drug approved 
for bipola r disorder, i.e. Lamorrigine has to be 
continued. 

Schizophrenia 
All anti psychotic d rugs should be continued. 
An tipsychotic drugs by producing sedation 
d ecrease the anesthetic requi remen t. The 
patiems on an tipsychotic medications are 

KEV POINTS 
• Levodopa should not be stopped before surgery. 

more vulnerable for hypolension (a b locking 
property), arrhythmias (QTc prolongation and 
torsade de pointes). 
As these patients may not cooperate for regio-
nal blocks, general an esthesia is preferred. 
Ketamine is contraindicated because these 
patients can become very violent after 
ketami11c in postoperative period. 

Drug Abuse 
• Th e drug abusers must have psychiatric 

consultation in preoperative period. 
Patients must not be taken for elective surgeries 
in acute withdrawal. 
Acute intake decreases while chronic intake 
increases the anesthetic requirement. 
Patients on cocaine are at high risk of arrhy-
thmias and myocardial ischemia. 
These patients especially alcoh olics must be 
evaluated for associated medical diseases like 
dilated cardiomyopathy, cirrhosis, pancre-
atitis, metabolic disorders (hypoglycemia), 
nutritional disorders (Wernicke-Korsakoff 
syndrome). 

• Dopamine antagonists like droperidol and metoclopramide should not be used in patients with Parkinson's 
disease. 

• The rising concern that general anesthesia worsens the dementia is not yet fully substantiated by studies. 
• All antiepileptic should be continued. 
• Thiopentone 1s the induction agent of choice for epileptics. 
• After cerebrovascular accident elective surgery should be deferred for 9 months. 
• Spinal anesthesia (but not epidural) and stress can precipitate multiple sclerosis; peripheral blocks can be given 

safely. 
• Regional anesthesia and deep GA can prevent autonomic hyper-reflexia. 
• All antidepressants including monoamine oxidase (MAO) inhibitors should be continued. 
• Methohexital is the induction agent of choice for electroconvulsive therapy. 
• Current recommendation is to continue lithium. 
• Patients must not be taken for elective surgeries 1n acute drug withdrawal. 
• Acute drug intake decreases while chronic intake increases the anesthetic requirement. 



CHAPTER 21 
Anesthesia for Hepatic Diseases 

PREOPERATIVE EVALUATION 
Hepatic dysfunction can vary from mild 
impairment of hepatic functions to fulminant 
hepatic failure. Child-Pugh classification is 
the gold standard scoring system to assess the 
severity of hepatic disease and hence the risk 
assessment (Table 21.1). 

• The aim of preoperative evaluation is to not 
only to assess the severity of disease but 
also to assess the damage caused to other 
organs by hepatic dysfunction. Therefore, it 
is very important to rule out coagulopathy, 
renal damage (hepatorenal syndrome), 
pulmonary dysfunction (hepatopulmonary 
syndrome), portopulmonary hypertension, 
e ncephalopathy, ascites, gastroesophageal 
varices, cardiac functions, electrolyte and 
metabolic abnormalities. 

• Table 21 .1: Child-Pugh classification 

Group 
A 8 C 

S. bilirubin (mg%) <2 2-3 >3 
S. albumin (gm %) > 3.5 3- 3.5 < 3 
Prothrombin time 1-4 4-6 >6 
(Prolongation from 
control in seconds) 
Ascites None Moderate Marked 
Encephalopathy None Moderate Severe 
Nutrit ion Excellent Good Poor 
Surgical risk Minimal Moderate Marked 
Mortality 2-5% 10% > 50% 

Always screen the hepatic patients for hepati-
tis Band C. 
Always rule out alcoholism and associated 
comorbidities in hepatic patient. 

Timing of Surgery 
There is no need to defer the surgery in 
asymptomatic pat ients with m ild impairment of 
hepatic functions (mildly elevated liver enzymes). 
However, elective surgery should be deferred 
in acute liver disease till the liver functions are 
stabilized. Patients with moderate to severe 
chronic hepatic diseases should at least have 
restoration of coagulation abnormalities (by 
vitamin K, cryoprecipitate or fresh frozen plasma), 
correction of volume, electrolytes and metabolic 
disorder (especially hypoglycemia), correction of 
anemia, tapping of ascites (if significant enough 
to impair respiratory functions) and correction 
of encephalopathy (by lactulose and neomycin) 
before taking them for surgery. 

Premedication 
As hepatic patie nts may be oversensitive to the 
sedative effects of benzodiazepine premedication 
with benzodiazepines should not be given to these 
patients. 

INTRAOPERATIVE 
Universal precautions must be taken if the patient 
is positive for he patitis B or C. 

Monito ring: As there is fluid loss to 3rd space, the 
intravascular volume is depleted in these patients 
therefore, central venous pressure monitoring is 
highly recommended. 
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Choice of Anesthesia 
Due to the possibility of existing coagulopathy and 
intravascular volume depletion central neuraxial 
blocks should be avoided. However, if there is 
no associated coagulopathy central neuraxial 
block can be considered if hypotension can be 
prevented. 

General Anesthesia 
Due to high volume of distribution the initial 
dose of intravenous agents is more while due to 
decreased metabolism the action of repeated/ 
maintenance doses may be prolonged. Decreased 
albumin may increase the unbound fraction of the 
drug. 

Induction: Propofol, due to its short half-life and 
extrahepatic metabolism is the induction agent of 
choice. 

Maintenance: Sevoflurane is the inhalational 
agent of choice due to two reasons: 
1. Maximum perseverance of hepatic blood flow. 

Maintaining hepatic blood flow should be the 
most important goal in these patients. 

2. As sevoflurane does not produce Trifluoro-
acetic acid on metabolism thereby avoiding 
any possibility of hepatitis. 
Desnurane because of its least metabolism 

and isoflurane because of perseverance of hepatic 
blood flow are good alternatives 10 sevoflurane. 
The amount of trifluoroacetic acid produced by 
desflurane and isoflurane is too minimal that 
hepatotoxicity appears to be just theoretical. 

Halothane must not be used due to two 
reasons- firstly, it may cause hepatitis and 
secondly it causes significant decrease in hepatic 
as well as porta l blood flow. 

Nitrous oxide should be avoided for two 
reasons-firstly, it can increase the pulmonary 
a rtery pressure which may be already elevated in 
these patients (portopulmonary hypertension) 
and secondly it allows the anesthetist to use higher 
concentration of oxygen which is required due to 
significant right to left shunt (hepatopulmonary 
syndrome). 

Muscle re laxants : Succinylcholine can produce 
prolonged block due to decreased pseudocholine-
sterase. As atracurium and Cis-atracurium are 

metabolized by Hoffman degradation /hey are 1he 
muscle relaxants of choice for hepalic patients. 

Remifentanil is the opioid of choice because it 
is metabolized by plasma esterases. 
As there is decreased metabolism of citrate 
( which can chelate calcium) these patients 
should receive calcium after blood transfusion. 

Not Acceptable lntraoperatively 
Hypotension: Hypotension can severely impair 
hepatic blood flow. Albumin is the preferred 
colloid. 
Alkalosis: Alkalosis increases the conversion 
of ammonium to ammonia which crosses 
blood brain barrier to precipitate hepatic 
encephalopathy. 
Hypoglycemia: Hepatic disease patients have 
impaired gluconeogenesis and exhausted 
glucose stores therefore, they are prone for 
hypoglycemia. 
Sepsis: Sepsis can precipitate encephalopathy. 
Decreased urinary output: Can precipitate 
hepatorenal syndrome. 

Postoperatively 
Renal functions and urine output should be 
monitored. 
Good antibiotic cover. 
Oxygenation: Cirrhotic patients have in tra-
pulmonary shunt therefore, are more prone 
for hypoxia. 

ANESTHESIA FOR PATIENTS WITH 
BILIARY OBSTRUCTION 
Whatever discussed above for the management 
of patients with hepatic disease, che same is 
applicable for patients with biliary obstruction 
with additional points to be taken care: 

These patients exhibit bradycardia because 
of direct effect of bile salts on Sinoatrial (SA) 
node. 
Just after the release of obstruction mannitol 
should be given to wash out the bile salts. 
Muscle relaxant, vecuronium which has 
30-40% excretion through bile should not be 
used. 
Opioids cause constrictions of sphincter of 
Oddi increasing biliary duct pressure however, 
the studies have shown that incidence of 



opioid-induced spasm of sphincter of Oddi 
is less than 3% therefore, strict guidelines of 

KEY POINTS 
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not using opioids fo r bi liary colic has been 
questioned in current day practice. 

• Child-Pugh classification is the gold standard scoring system to assess the severity of hepatic disease and 
hence the risk assessment 

• Elective surgery should be deferred .n acute liver disease 1111 the liver functions are stabilized. 
• Due to the possibility of existing coagulopathy and intravascular volume depletion. central neuraxial blocks 

should be avoided in hepatic patients. 
• Propofol, due to its short half-life and extrahepatic metabolism is the induction agent of choice for hepatic 

patients. 
• Sevoflurane is the 1nhalationa1 agent of choice for hepatic patients while halothane and nitrous oxide should 

be avoided. 
• Atracurium and Cis-atracurium are the muscle relaxants of choice for hepatic patients. 
• Albumin is the preferred colloid for a patient with compromised hepatic functions. 
• As vecuronium has 30-40% excretion through bile, it should be avoided for patients with biliary obstruction. 



CHAPTER 22 
Anesthesia for Renal Diseases 

and Electrolyte Imbalances 

ANESTHETIC MANAGEMENT OF 
PATIENTS WITH RENAL DYSFUNCTION 
Preoperative Evaluation 
1l1e aim of preopcrarive evaluation is not only to 
assess the extent of renal impairment but also the 
damage caused to other organs by renal impair-
ment and rule out associated comorbidities. The 
common manifestation/ associated comorbidities 
seen in renal impairment which can increase the 
perioperative morbidity and mortality are: 

Anemia: The anemia is due to decrease 
erythropoietin or decrease intake due to 
anorexia seen in uremia. 
Coagulopathies: Uremic patients exhibi t 
bleeding tendencies. 
Electrolyte and acid base abnormalities 
like hyperkalemia, hypocalcemia, hyper-
magnesemia and metabolic acidosis. 
Endocrinal abnormalities: Diabetes is the most 
common cause of chronic kidney disease. 
Hypertension: More than 80% patients with 
chronic renal disease exhibit hypertension. 
Cardiopulmonary abnormalities like peri-
cardia) or pleural effusion. 
Associated liver disease: Liver diseases are 
commonly associated with renal disease. 
Central nervous system (CNS) abnormali-
ties like uremic encephalopathy, uremic 
polyneuropathy. 

Timing and Preparation before Surgery 
Patients with acute kidney injury (AKI) should 
no/ undergo elective surgery until the injury 
is fully resolved. Patients with chronic kidney 
diseases (CKDs) should at least have correction 

of electrolyte abnormalities (especially hyper-
kalemia), acidosis, coagulopathies, severe 
anemia, control o f blood pressu re (target should 
be < 130/ 80 mm Hg) and sugar and reversal of 
encephalopathy. Very often the patients of CKD 
are on dialysis. Dialysis should be performed within 
24 hours before surgery. 

Premedication 
Premedication with benzodiazepines should 
be avoided as CNS of these patients is extremely 
sensitive to effect of sedatives and narcotics. 

I ntraoperative 
Monitoring 

Maintaining fluid balance is essential in 
these patients; excess fluid can precipitate 
pulmonary edema and fluid deficiency can 
worsen kidney injury therefore, fluid should be 
given either by Goal d irected therapy (stroke 
volume variation or pulse pressure variation) 
or at least by central venous pressure (CVP) if 
goal directed therapy is not possible. 
Urine output: Aim should be to maintain urine 
output > 0.5 mL/kg/hr. Urine output should 
be maintained by giving adequate fluids. The 
traditional use of dopamine in renal doses to 
maintain urine output is not recommended in 
current practice. If required (like for very major 
surgeries in renal patients) then fenoldopam 
(selective dopamine-I agonist) is chosen over 
dopamine. 
If invasive blood pressure monitoring is 
required then radial and ulnar artery should be 
spared as they may be required for hemodialysis 
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in future. Dorsalis pedis is most often chosen 
in these patients. 
BP cuff should not be applied in the limb 
having AV fistula. 

Choice of Anesthesia 
Central neuraxial blocks should be avoided due 
to associated uremic coagulopathy, uremic 
polyneuropathy and intolerance of renal patients 
to extra fluids to treat hypotension. Peripheral 
nerve blocks should also be avoided if there is 
coagulopathy or neuropathy. 

General Anesthesia 
Induction: Due ro shorter half-life and alJ inactive 
metabolites, propofol is the induction agent of 
choice however it may be required in small doses 
because of exaggerated response of CNS due to 
disrupted blood brain barrier in uremia. 

Maintenance: Desjlurane is the inhalational agent 
of choice because it does not produce fluoride. In 
case of non-availability of desflurane, isoflurane 
and halothane can be used safely. Sevojlurane 
should be not be used in renal patients as it 
produces high levels offluoride approaching renal 
threshold of 50 µmol/ L. 

As these patients are anemic oxygen is required 
in high concentrations. Ensure norrnocapnia as 
respiratory acidosis can cause hyperkalemia and 
alkalosis can shift oxygen dissociation curve to left. 

Muscle relaxants: As these patients exhibi t 
hyperkalemia, succinylcholine should not be 
used. 

Due to Hoffman degradation non-depolarizing 
muscle relaxant of choice are Atracurium and 
Cis-atracurium. 

Opioids: Remifentanil is the opioid of choice 
because it is rapidly metabolized in plasma by 
esterases. Short acting like fentanyl, alfentanil 
and sufentanil can also be used safely while 
long acting like morphine and pethidine are not 
recommended. 

Selection of Fluids 
The traditional concept of avoiding ringer 
lactate (as it contains potassium) and pre-
ferring normal saline (as it does not contain 
potassium) is no more valid in current day 

practice because recent srudies have shown 
that normal saline by causing hyperchlorernic 
metabolic acidosis produces more hyper-
kalemia. Therefore, ringer lactate is preferred 
over normal saline however with close 
monitoring of potassium levels. If ringer lactate 
cannot be used then 0.45% saline or 0.18% 
saline with dextrose is preferred over normal 
saline (0.9%). 
Colloids (hydroxyethyl starch) have been found 
to exacerbate renal injury. If it is mandatory 
to use a colloid then Gelatins (Gelofusine) 
is preferred. High molecular weight colloids 
(>MW 200 kDa) must not be used for renal 
patients. 

Postoperative 
Maintain fluid balance and urine output and avoid 
non-steroidal anti-inflammatory drugs (NSAIDs) 
for pain management. 

ANESTHESIA FOR TRANS URETHRAL 
RESECTION OF PROSTATE 
Spinal anesthesia is preferred over general 
anesthesia due to the following reasons: 

Old patients have decreased pulmonary 
reserve. 
Awake patient can tell central signs of trans-
urethral resection of prostate (TURP) syndrome 
and bladder perforation. 

TURP Syndrome 
A large amount of irrigating fluid (most commonly-
glycine) is used to distend the bladder and wash 
away blood and prostatic tissue. This fluid enters 
the systemic circuJation through open prostatic 
sinuses and can produce fluid overloading, 
dilutional hyponatremia and hypo-osmolality. It is 
estimated that 10-30 mL offluid is absorbed every 
minute. Glycine can also produce hyperglycinemia 
and hyperammonemia. 

Signs and Symptoms 
Hypo-osmolality (and hyponatremia) by produc-
ing cerebral edema produces restlessness, con-
fusion or even seizures. Hyperglycinemia can 
produce visual disturbances including transient 
blindness. Fluid overload can cause hypertension 
and puJmonary edema. 
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Treatment 
Furosemide to treat fluid overload 
Hypertonic saline may be required to treat 
symptomatic hyponatremia and hypo-
osmolaliry. 

ANESTHESIA FOR PATIENTS WITH 
ELECTROLYTE IMBALANCES 
In preoperative period, it is important to find the 
cause of electrolyte disturbances. 

Hyperkalemia 
Hyperkalemia m ust be corrected (serum potassium 
should be < 5.5 mEq/L) before taking the patient for 
surgery. 

Anesthetic Considerations 
Potassium rich fluids should be avoided. 
As these patients are prone for cardiac 
arrhythmias, vigilan t electrocardiographic 
(ECG) monitoring is must. 
Succinylcholine is contraindicated. Require-
ment of non-depolarizing muscle relaxants 
decreases due to muscle weakness. 
Mild hyperventilation is beneficial during 
general anesthesia because hyperventilation 
by causing alkalosis pushes the potassium 
intracellularly. 

Hypokalemia 
Correction ofhypokalemia before surgery is one of 
the most debatable topic. The general consensus 
is not to treat mild (serum potassium >3 mEq/ L) 
chronic hypokalemia if there are no ECG changes 
or any organ dysfunction because of hypokalemia. 
The exception is patients on digox.in where serum 
potassium should be >4 mEq/L before taking them 
for surgery. 

Anesthetic Considerations 
As these patients are prone for cardiac 
arrhythmias, vigilant ECG monitoring is 
must. 
Dose of non-depolarizing muscle relaxant is 
decreased as prolonged block is expected due 
to muscle weakness. 
As hyperventilation and hyperglycemia can 
cause hypokalemia, they must be avoided. 

Hyponatremia and Hypernatremia 
Hyponatremia and hypernatremia should be 
normalized before subjecting the patients for 
e lective surgery. However, rapid correction 
must never be done; rapid correction can 
cause pontine myelinolysis. 
In case of emergency surgeries, considera-
tions should be given to coexisting volume 
disturbances seen with hyponatremia (hyper-
volemia) and hypernatremia (hypovolemia). 
Accordingly the volume of distribution 
increases or decreases the doses of intravenous 
(IV) drugs. 

Hypercalcemia 
Anesthetic Considerations 

The key principle is maintenance of hydration 
and urine output. 
Increase requirement of non-depolarizing 
muscle relaxants may be expected. 

Hypocalcemia 
Anesthetic Considerations 

Symptomatic hypocalcemia should be 
corrected before surgery. 
Hypocalcemia can produce laryngospasm and 
hypotension. 
Hyperventilation and alkalosis can cause 
hypocalcemia therefore, should be avoided. 
Blood transfusion should be supplemented 
with calcium. 

Hypermagnesemia 
Anesthetic Considerations 

Acidosis and dehydration can lead to 
hypermagnesemia therefore, must be avoided. 
Hypermagnesemia potentiates the action 
of both depolarizing and non-depolarizing 
muscle relaxants. 

Hypomagnesemia 
Anesthetic Considerations 

Hypomagnesemia may be associated with 
refractory hypokalemia and hypocalcemia. 
Ventricular arrhythmias may be expected. 
Hypomagnesemia can prolong the block by 
non-depolarizing muscle relaxants. 
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KEY POINTS 
• Pat,ents w,th acute kidney injury (AKI) should not undergo elective surgery until the injury is fully resolved. 
• Dialysis should be performed within 24 hours before surgery. 
• Correction of hyperkalemia is of utmost importance in chronic kidney disease patients. 
• Maintain ng fluid balance is essential in renal patients: excess fluid can precipitate pulmonary edema and 

flu d deficiency can worsen kidney injury. 
• If invasive blood pressu'e monitoring is required then radial and ulnar artery should be spared as they may 

be required for hemodialysis ,n future 
• Central neurax1al blocks should be avoided due to assoc ated uremic coagulopathy, uremic polyneuropathy 

and intolerance of renal pat,ents to extra fluids to treat hypotens1on. 
• Desflurane is the inhalational agent of choice because I does not produce fluoride. 
• Sevoflurane should not be used in renal patients as 1t produces high levels of fluoride approaching renal 

threshold of SO µmol/1 
• Non-depolarizing relaxant of choice is atracurium/Cis-atracurium while suxamethonium 1s contra1nd cated due 

to associated hyperkalemia. 
• R,nger lactate is preferred over normal saline with close monitoring of potassium levels. Colloids (hydroxyethyl 

starch) have been found to exacerbate renal injury. 
• TURP syndrome is exhibited as fluid overload,ng. dilutional hyponatrem,a and hypo-osmolality. 
• Hyperkalemia must be corrected before taking the patient for surgery while there is no need to correct mild 

chronic hypokalemia. 
• Hypermagnesem1a potentiates the action of both depolarizing and non-depolarizing muscle relaxants. 



CHAPTER 23 
Anesthesia for Endocrinal Disorders 

DIABETES MELLITUS 
Preoperative Evaluation 
The basic goals of preoperative evaluation are: 

To assess the severity of disease by checking 
blood sugar and HbA1c levels. 
To ruleouta.utonomicneuropathy. Patients with 
autonomic neuropathy are hemodynamicaUy 
unstable and can even suffer cardiac arrest. 

• To rule out peripheral neuropathy as it can 
affect the choice of anesthesia. 

• To rule out the organ damage caused by 
diabetes especially nephropathy. 

Premedication 
As diabetic patients have delayed gastric empty-
ing, prernedication against aspiration should be 
given. 

lntraoperative 
Management of Sugar 
Patient on oral hypoglycemics: Oral hypo-
glycemics are continued omitting the morning 
dose on the day of surgery. However due to long 
half lives sulfonyl urea and rnerformin should be 
stopped 24-48 hours prior to surgery. 

Patients on insulin: Majority of the patients are 
either on intermediate acting or mixed insulin. 
There are different protocols followed by different 
institutions: 

The most widespread traditionally employed 
regime is to give l / 2 of the AM dose of insulin 
on the morning of surgery after starting infus-
ion of 5% dextrose at a rate of 125 mL/ hour 

(to avoid the possibility of hypoglycemia). 
Blood sugar is monitored every 2 hours and 
hyperglycemia is treated by intravenous 
regular insulin (1 unit of insulin decreases 
blood sugar levels by 25-30 mg/dL). 
As there is better control of sugar levels the 
current guidelines are more in Javor of regular 
insulin by continuous infusion. Ins ulin is 
prepared in normal saline as 1 unit/ mL and 
given by the following formu la: Units/ hour = 
plasma glucose (mg/ dL)/150. 
For example, if plasma s ugar is 300 then rate of 
infusion will be 2 units/ hour. 
5% dextrose at a rate of 125 mL/ hour and 
potassium chloride (KCL) 20 mEq/liter should 
also be given along with insulin infusion. 
The third regime is no insulin-no glucose, i.e. 
omit the morning dose of insulin and no need 
to start dextrose. 
If the patient is on insulin pump and posted 
for minor surgery there is no need to change 
the basal rate of infusion, however if the 
patient is posted for major surgery then pump 
should be stopped in the morning and patient 
is managed by continuous infusion of regular 
insulin. 
Whatever may be the regime fol lowed the 

target should be to keep plasma. sugar level between 
150 and 180 mg/ dL. 

Monitoring: ECG monitoring is more than 
mandatory because myocardial ischemia is most 
common cause of death in perioperative period in 
diabetic patients. The myocardial infarction (Ml) 
may go silent in postoperative period if the patient 
is having autonomic neuropathy. 



Choice of anesthesia : Patients not having 
peripheral and /or autonomic neuropathy can 
safely receive regional anesthesia. Maintaining 
asepsis during blocks is pivotal. 

General Anesthesia 
Difficult intubation may be anticipated 
due to involvement of atlanto-occipita l 
and temporomandibular joint (stiff jo int 
syndrome). 
Hypotension and bradycardia in patients 
suffering from autonomic neuropathy may 
not respond to atropine and ephedrin e; 
intravenous adrenaline may act as savior. 
Sympathetic stimulation can cause hyper-
glycemia therefore, drugs causing sympathetic 
stimulation like ketamine, pancuronium, 
atropine, desflurane >6% should be avoided. 
Sympathetic stimulation caused by intubation 
must be blunted by deep a nesthesia, 
lignocaine, B blockers or calcium channel 
blockers. 

Postoperative 
Cardiac and regular bl ood sugar monitoring 
should be continued in postoperative period. 

THYROID DYSFUNCTIONS 
Hyperthyroidism 
Elective surgery should be deferred till the patient 
is euthyroid. 

Preoperative Evaluation 
All antithyroid drugs should be continued as 
such including the morning dose. 
Other than thyroid functions sleeping pulse 
rate should be brought down to normal with 
beta blockers before taking the patien t for 
surgery. 
As large thyroid can produce tracheal 
compression therefore, airway assessment by 
indirect laryngoscopy, X-ray neck or CT scan 
is must 

lntraoperative 
Monitoring: Other than routine monitoring, ECG 
to detect arrhythmias and temperature to detect 
hyperthermia is must in hyperthyroid patients. 
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Choice of anesthesia: Regional anesthesia can 
be safely given however, local anesthetics with 
adrenaline must not be used. In fact, central 
neuraxial blocks are preferred because of their 
capacity to block the sympathetic response. 

General Anesthesia 
Sympathetic stimulation can precipitate 
thyroid storm th erefore, drugs causing 
sympath eti c stimulation like ketamine, 
pancuronium, atropin e, desfluran e >6% 
should be avoided. Sympathetic stimulation 
caused by intubation must be blunted by deep 
anesthesia, lignocaine, 13 blockers or calcium 
channel blockers. 
Exophthalmos increases the risk of corneal 
abrasion therefore eye protection is must. 
If there is airway compression due to large 
thyroid then awake intubation with fiberoptic 
bronchoscopy should be done. 

Induction: As Thiopentone possess anti thyroid 
property, it is the induction agent of choice. 
Maintenance: As hyperthyroid patients are more 
prone for arrhythmias therefore, most cardiac 
stable, i.e. Isoflurane should be the preferred 
agent. The concern of increased toxicity of inha-
lational agents due to increased metabolism in 
hyperthyroid patient has not been substantiated in 
human studies. Minimum alveolar concentration 
(MAC) of inhalational agents remains same in 
hyperthyroidism. 
Muscle relaxant: Vecuroniurn being most cardiac 
stable is most preferred. 

Postoperative 
Postoperative period in hyperthyroid patient can 
be risky due to the following complications: 

Thyroid storm: Thyroid storm is a life-
threatening condition most often occurring 
in postoperative period however, can occur 
intraope rative ly also. Th e m anagem ent 
includes control of hyperthermia, arrhy-
thmias, dehydration, antithyroid drugs 
(propylthiouracil) and dexamethasone (block 
conversion ofT4 to T3). 

• Upper airway obstruction: It is most often due 
to tracheal compression caused by expanding 
hematoma. It should be treated immediately 
by opening the sutures. 



• SECTION 7: Anesthesia for Coexisting Diseases 

Recurrenl laryngeal nerve palsy: Unilateral 
palsy will just cause the hoarseness while 
bi lateral can cause aphonia and stridor. 
Immediate ENT reference should be sought. 
Hypoparathyroidism: HypocaJcemia caused 
by hypoparathyroidism can precipitate 
laryngospasm. 

Emergency Surgery in 
Hyperthyroid Patient 
At least tachycardia should be settled with 
intravenous infusion of esmolol or intravenous 
propranolol (propranolol has added advantage of 
inhibiting the conversion of T4 to T3). However, 
if it is an urgent surgery (not life-threatening 
emergency surgery) then ipodate, propylthiouracil 
and dexamethasone should be given in addition. 

The anesthetist should be prepared to handle 
thyroid storm in hyperthyroid patients undergoing 
emergency surgery. 

HYPOTHYROIDISM 
ldeally elective surgery should be deferred till the 
patient is euthyroid however mild hypothyroidism 
should not be a deterrent to postpone the surgery. 

Preoperative Evaluation 
Associated conditions with hypothyroidism 
like congestive cardiac failure, anemia, hypo-
thermia, hyponatremia and hypoglycemia 
should be ruled out. 
Thyroxin preparations should be continued in 
preoperative period. 
Hypothyroid patients can have very large 
glands therefore, indirect laryngoscopy or if 
required CT neck should be done to assess 
tracheal compression. 
These patients are extremely sensitive to 
depressant drugs therefore, premedication 
with benzodiazepines should be avoided. 
Due to delayed gastric emptying hypothyroid 
patients a re more vuln erable for aspiration 
therefore, aspiration prophylaxis should be 
given. 

lntraoperative 
Choice of Anesthesia 
Regional anesthesia is an appropriate selection 
provided that the intravascular fluid volume 

is well-maintained however, coagulation 
abnormality and platele t dysfunction should be 
ruled out. 

General Anesthesia 
These patients are vulnerable to go into 
congestive cardiac failure therefore, for major 
surgeries fluid should be given by goal directed 
therapy or at least by central venous pressure 
(CVP). 
As the metabolism of drugs is reduced in 
hypothyroidism they should be used in minimal 
possible doses. 

Induction: Normally done with propofol however, 
if there is evidence of low cardiac output then 
ketamine is preferred. 

Main tenance: Isoflurane because of its cardiac 
stability is most preferred. 

Muscle relaxant: As mivacurium, atracurium/ 
Cis-atracurium do not have the possibility of 
accumulation therefore, a re preferred muscle 
relaxants. 

Postoperative 
These patients can go into hypoxia in post-
operative period due to hypoventilation. 
Patients must be watched carefully for the 
postoperative complications of thyroidectomy 
I ike upper airway obstructio n, recurrent 
laryngeal nerve palsy and hypoparathyroidism. 

Emergency Surgery in Hypothyroid Patient 
Intravenous T3 and T4 should be given in severely 
hypo thyroid patients. As adrenal function is often 
decreased steroid cover also becomes must. 

ADRENAL DYSFUNCTIONS 
Pheochromocytoma 

Preoperatively patient's hypertension must 
be stabilized by a blocker; most often used 
is phenoxybenzamine. Tachycardia must be 
controlled by B blockers. B blockers must not 
be started before initiating the therapy with 
a blocker otherwise unopposed action can 
cause malignant hypertension. 
Agents causing sympathetic stimulation 
(ketamine, pancuronium, desflurane >6%) 



are contraindicated. Sympathetic response 
to intubation must be blunted. Halothane 
is absolutely contraindicated because it 
sensitizes myocardium to catecholamines. 
Increase in catecholamines during tumor 
handing can cause profound hypertension 
and life-threatening arrhythmias. 
During adrenalectomy glucocorticoids 
infusion should be started at the beginning 
of the resection of tumor and then continued 
in postoperative period (100 mg/ day of 
hydrocortisone) for 1- 2 days for unilateral and 
3-6 days for bilateral adrenalectomy. 
After the ligation of tumor vein, abrupt 
withdrawal of catecholamines can cause 
profound hypotension and hypoglycemia. In 
fact, hypotension is the most common cause 
of death i11 immediate postoperative period in 
pheochromocytoma patient. Dextrose normal 
saline should be started immediately after vein 
ligation. 

Glucocorticoid Excess (Cushing Syndrome) 
Glucocorticoid excess may be due to exogenous 
administration or increased endogenous produc-
tion. The effects of cortisol, i.e. hypertension, 
hyperglycemia, volume overload and hypokalemia 
(mineralocorticoid effect of glucocorticoid) must 
be corrected before taking the patient for elective 
surgery. Due to osteoporosis there is possibility 
of fractures during positioning. Delayed wound 
healing and infections should be expected in these 
patients. 

Glucocorticoid Deficiency 
Glucocorticoid deficiency may be due to 
p rimary adrenal insufficiency (Addison's 
disease) or secondary adrenal insufficiency 
due to inadequate adrenocorticotropic 
hormone (ACTH) secretion by pituitary. 
Exogenous steroids are the most common 
cause of secondary adrenal insufficiency. 
As exogenous steroids causes inhibiti on 
of hypothalamic pituitary axis (HPA) and 
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recovery of HPA takes 1 year, any patient who 
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 must receive intraoperative 
supplementation with hydrocortisone. 100 mg 
of hydrocortisone 8 hourly beginning 
on the day of su rgery and continued for 
24- 48 hours is the conventional approach 
however continuous infusion a t a rate of 
10 mg/hour is considered better. 
Etomidate is contraindicated as it causes 
adrenocortical suppression. 

Mineralocorticoid Excess 
Ilypokalemia and hypertension should 
be corrected before taking the patients for 
surgery. 

• Avoid hyperventilation as aJkalosis can cause 
hypokalemia. 
Sevoflurane should be avoided if there is 
hypokalemic nephropathy. 
Hypokalemia may prolong the block of non-
depolarizing muscle relaxants. 

Mineralocorticoid Deficiency 
Hyperkalemia should be corrected before taking 
the patients for surgery. 

PITUITARY DYSFUNCTION 
Acromegaly 
• The most important concern for acromegaly 

patients is difficult airway management 
due to multiple reasons like prognathism, 
macroglossia, overgrowth of epiglottis, 
narrowed glottis due to overgrowth of vocal 
cords. 
Central neuraxial blocks may become difficult 
due to osteoarthritis of spine. 
As collateral circulation gets compromised 
radial artery cannulation should be done only 
after adequately performing Allen test. 
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KEY POINTS 
• Ruling out autonomic neuropathy is one of the most important part of preoperative assessment in diabetic 

patient. 
• Regular insulin by continuous infusion is the most recommended method to control intraoperative plasma 

glucose. 
• The target plasma sugar level should be between 150-180 mg/dl in perioperative period. 
• Myocardial ischemia is the most common cause of death in perioperative period in diabetic patients. 
• Elective surgery should be deferred in hyper- or hypothyroid patient till the patient is euthyro,d however, mild 

hypothyroidism should not be a deterrent to postpone the surgery. 
• Thiopentone is the induction agent of choice in hyperthyroid patients. 
• At least tachycardia should be settled ,n hyperthyroid patients undergoing emergency surgery. 
• As the metabolism of drugs is reduced in hypothyroidism, all drugs should be used in minimal possible doses. 
• Halothane is absolutely contraindicated in pheochromocytoma because it sensitizes myocardium to 

catecholamines. 
• Increase in catecholamines during tumor handing can cause profound hypertension and life-threatening 

arrhythmias during pheochromocytoma surgery. 
• Etomidate is contraindicated in adrenal insufficiency because it causes adrenocortical suppression. 



CHAPTER 24 
Anesthesia for Neuromuscular Diseases 

MYASTHENIA GRAVIS • Weakness of respiratory muscles makes 
these patients very vulnerable for respiratory 
depression therefore, premedication with 
benzodiazepines should be avoided. 

It is an autoimmune disease characterized by 
destruction of acetylcholine receptors by the 
antibodies against these receptors leading to 
weakne s of the muscles. 

Anesthetic Management 
The myasthenic patient mos t often come for 
thymectomy as a part of their treatment. 

Timing of Surgery 
Elective surgery should be avoided in acute relapse. 
Patient's medical condition must be stabilized 
before considering them for anesthesia. Patients 
with significant respiratory or oropharyngeal 
weakness may even require intravenous {IV) 
irnmunoglobulin or plasmapheresis. 

Preoperative Evaluation 
Other associated autoimmune diseases should 
be ruled out. 
Myasthenic patients may have weakness of 
respiratory muscles therefore, evaluation of 
pulmonary functions must be done in detail. 
Anticholinesterases (most commonly used is 
pyridostigmine) are the mainstay of treatment. 
Stopping these drugs can precipitate the 
myasthenic crisis while continuing can 
antagonize the effect of muscle relaxants 
therefore, anlicholinesterases should be conti-
nued in reduced doses. 

Patients with advance disease may be on 
steroids and immunosuppressants which 
should also be continued 

As these patients are vulnerable for aspiration 
prophylaxis for aspiration should be taken. 

lntraoperative 
Choice of Anesthesia 
The basic problem of myasthenic patients is that 
they exhibit extreme sensitivi ty to respiratory 
depression by anesthetic agents and abnormal 
response to muscle relaxants therefore, aim of 
anesthesia should be to avoid general anesthesia 
making local/ regional anesthesia as the anesthetic 
technique of choice however, all surgeries are not 
possible under regional anesthesia. 

General Anesthesia 
Monitoring: Other than routine monitoring 
neuromuscular monitoring is mandatory. 

lnduction: As Etomidate does not causes 
respiratory depression it is the preferred induction 
agent however, thiopentone and propofol can be 
used safely. 

Maintenance: The aim should be to avoid 
muscle relaxants. Since myasthenia patients have 
weakness of muscles and inhalational agents 
have got muscle relaxation property therefore, 
in significant number of patients it is possible to 
intubate and maintain the surgical relaxation with 
inhalational agents alone. 
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Desflurane is the most preferred inhalational 
agent for maintenance because it prod uces 
maximum muscle relaxation among the currently 
used inhalational agents. In the absen ce of 
desflurane, sevoflurane or isol1urane can be 
used. 

Muscle relaxants: Muscle relaxants should be 
used only if inhalational agents are not able to 
produce sufficient muscle relaxation. Myasthenic 
patients are resistant to depolarizers therefore 
suxamethonium is required in high doses (2 mg/ kg 
instead of 1- 1.5 mg/kg) and hypersensitive to non-
depolarizers therefore, only short acting with no 
risk of accumulation like mivacurium, atracurium, 
and Cis-atracurium must be used . Long acting like 
pancuronium must not be used . The initial dose 
should be l /3rd to ½ and further doses titrated as 
per neuromuscular monitoring. 

A prolonged block by s uxamethoniu m 
and mivacuriwn is expected in the patient on 
cholinesterase inhibitor because they inhibit 
pseudocholinesterase however, this prolongation 
is not very significant clinically. 

As these patients are very prone for respira-
tory depression only short acting opioids 
(Remifentanil) should be used. 

Postoperative 
Many of these patients especially who have 
significantly compromised pulmonary functions 
{vital capacity <4 mL/kg) or o n high doses of 
pyridostigmine (>750 mg/ day) may require 
ventilation in postoperative period. 

MYASTHENIC SYNDROME 
(EATON-LAMBERT SYNDROME) 
It is an autoimmune disease in which antibodies 
to presynaptic calcium channel a re produced 
leading to decreased production ofacerylcholine. 

These patients are sensitive to both depolarizing 
and non-depolarizing muscle relaxants. 

Reversal requires a combination of ant i-
cholinesterase and 4-arninopyridine. 

FAMILIAL PERIODIC PARALYSIS 
Hyperkalemic Type 

Preoperatively normalize potassium levels. 
Avoid potassium containing solutions. 
Succinylcholine is conu-aindicated. 

Hypokalemic Type 
• Hypokalemic type is more common. 
• Avoid anything which causes hypokalemia 

like hyperventilation and glucose containing 
solutions. 

• Non-depolarizers will have prolonged effect. 

MUSCULAR DYSTROPHIES 
Muscular dystrophies patients are conside red 
as high risk patients to develop malignant 
hyperthermia. 

Duchenne's Dystrophy 
(Pseudohypertrophic Muscular Dystrophy) 
This is the most common type o f dystrophy 
of childhood. The involved muscles become 
hypertrophied due to fatty infiltration (pseudo-
hypertrophy). It nor only involves skeleral but 
cardiac muscles also get involved. Death usually 
occurs by 15-25 years of age due to congestive 
heart failure (CHF) or pneumonia. 

Anesthetic Management 
Due to increased sensitivity to muscle relaxants 
general anesthesia (GA) should be avoided; if 
possible surgery should be performed under 
regional anesthesia. 
Due to respiratory muscle weakness opioids 
and benzodiazepines should be avoided. 
Due to weakness of laryngeal and pharyngeal 
re llexes these patients are prone for aspi ration 
therefore, should be premedicated with meto-
clopramide and ranitidine. 
Succinylcholine is absolutely contraindicated. 
It may produce cardiac a rrest due to hyperka-
lemia and rhabdomyolysis and can precipitate 
malignant hyperthermia. 

Due to muscu lar weakn ess, non -
depolarizing agent may exhibit increased 
sensitivity the refore, short acting agents with 
no possibility of accumulation like mivacurium, 
atracurium, cis-atracurium {Mivacurium most 
preferred) should be given with initial dose 
as 1/3 to 1/2 and further doses tiU-ated as per 
neuromuscular monitoring. 
As there is involvement of cardiac muscle, most 
cardiac safe, i.e. isoflurane should be the most 
preferred inhalational agent. Halothane is 
contraindicated as it can precipitate malignant 
hyperthermia. 



, 
Myotonia Dystrophica 
It is the most common and most serious dystrophy 
in adults characterized by persistent contracture 
after a stimulus. Contracture may not be relieved 
by general and regional anesthesia while local 
infiltration in effected muscle may induce 
relaxation. 

The anesthet ic management principles are 
same as for Duchene muscular dystrophy with 
an emphasis that Succinylcholine is absolutely 
contraindicated not only because it can produce 

KEY POINTS 
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hype rkalemia a n d preci pita te malignant 
hyperthermia but can also induce severe muscle 
contracnues. 

Mivacurium, atracurium and cis-atracurium 
are not only preferred because of their short 
duration and no risk of accumulation but also they 
permit the avoidance of reversal agents. Reversal 
agents can precipitate contractures by causing 
muscle contraction. 

As shivering can also precipitate muscle 
contractures it must be avoided at any cost. 

• For myasthenic patients anticholinesterases should be continued in reduced doses. 
• Local/regional anesthesia 1s the anesthetic technique of choice for myasthenia gravis patients. 
• Desflurane is the most preferred inhalational agent for maintenance in myasthenia gravis patients because 

it produces maximum muscle relaxation among the currently used inhalational agents. 
• Myasthenic patients are resistant to depolarizers and hypersensitive to non-depolarizers. 
• Mivacurium, atracurium, and Cis-atracurium are safe non-deploarizers for myasthenia gravis patents. 
• Myasthenic syndrome patients are sensitive to both depolarizing and non-depolarizing muscle relaxants. 
• Succinylcholine is absolutely contraindicated for muscular dystrophies; it may produce cardiac arrest due to 

hyperkalemia and rhabdomyolysis and can precipitate malignant hyperthermia in these patients. 
• Non-depolarizers exhibit increased sensitivity in muscular dystrophies making mivacurium, atracurium, 

cis-atracurium to be safer choices. 
• Halothane is contraindicated 1n muscular dystrophies as it can precipitate malignant hyperthermia. 



CHAPTER 25 
Anesthesia for Immune Mediated 

and Infectious Diseases 

RHEUMATOID ARTHRITIS 
It is a disease characterized by immune-mediated 
synovitis. 

Preoperative Evaluation 
Associated comorbidities like cardiac valvular 
lesions, pericarditis, and pulmonary fibrosis 
should be ruled out. 
As difficult airway is the most important 
concern, airway evaluation should be done 
very meticulously. 
Side effects of disease modifying anti-
rheumatic drugs (DMARDs), nonsteroidal 
anti-inflammatory drugs ( SAIDs) and corti-
costeroids should be taken into consideration. 

Anesthetic Management 
Choice of anesthesia: Regional anesthesia. Lumbar 
spine is usually not involved in rheumatoid 
arthritis therefore spinal/epidural can be given 
easily. 

General Anesthesia 
General anesthesia is difficult and risky due to 
difficult intubation which in turn is due to: 

Atlantoaxial instability: Patients of allantoa.xial 
subluxation cannot tolerate flexion Flexion of 
neck can cause odontoid process to compress 
spinal cord leading to quadriplegia. 1herefore, 
intubation is best performed under topical 
anesthesia with awake patient. If intubation 
has to be done under general anesthesia 
then intubation should be done with neck in 
extension. 

Stiffness of cervical spine 
Tcmporomandibular and cricoarytenoid 
arthritis. 

Arterial cannulation may be difficult due 
to calcified radial arteries and central 
venous cannulation may be difficult due 
to cervical spine fusion. 

ANKYLOSING SPONDYLITIS 
From anesthesia point of view ankylosing 
spondylitis may turn out to be the most difficult 
case at times. Fusion of lumbar spine may 
make central neuraxial blocks impossible and 
fusion of cervical spine may make intubation 
impossible. Therefore, intubation in such 
patients should be performed in awake state 
under fiberoptic bronchoscopy. 
Aortic regurgitation and bundle branch block 
are common in ankylosing spondylitis. 

SYSTEMIC LUPUS ERYTHEMATOSUS 
The involvement of major organs functions 
determines the perioperative morbidity in 
systemic lupus erythematosus (SLE). Laryngeal 
involvement including cricoarytenoid arthritis 
and laryngeal nerve palsy can make intubation 
difficult. 

SCLERODERMA 
The multiorgan involvement, particularly pulmo-
nary fibrosis and pulmonary hypertension can 
significant effect the perioperative morbidity. 
Small oral aperture can make intubation difficult. 
Dermal thickening can make intravenous (fV) 
cannulation difficult. 
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HUMAN IMMUNODEFICIENCY VIRUS 
AND ACQUIRED IMMUNODEFICIENCY 
SYNDROME 

Due to involvement of multiple organs all 
human immunodeficiency virus (HIV) positive 
patients are categorized as American Society of 
Anesthesiologists (ASA) grade II while patients 
with acquired immunodeficiency syndrome 
(AIDS) are categorized as ASAHI / IV 
Side effects of highly active antiretroviral 
therapy (HAART) including diabetes, coronary 
and cerebrovascular disease, deranged liver 
function must be ruled out in preoperative 

KEY POINTS 

period. The patients who have started HAART 
within 6 months of surgery suffer more from 
perioperative complications. 
CD4 count and viral load do affect the 
overall prognosis after surgery but has not 
found to increase the perioperative anesthetic 
complications. 

• Regional anesthesia can be given safely if there 
are no associated neuropathies. 
Fat redistribution around the neck can make 
intubation difficult. 
Maintaining universal precautions and high 
degree of asepsis during any procedure is 
vital. 

• Due to atlantoaxial instability intubation in patients with rheumatoid arthritis should be performed with neck 
in extension. 

• In patients with ankylosing spondylitis fusion of lumbar spine may make central neuraxial blocks impossible 
and fusion of cervical spine may make intubation impossible. 

• CD4 count and viral load do not determine the rate of perioperative anesthetic complications. 



CHAPTER 26 
Anesthesia for Disorders of Blood 

ANEMIA 
The most common anemia encountered in clinical 
practice in India is microcytic hypochromic due 
to iron deficiency. 

Preoperative Evaluation 
One of a very important goal for preoperative 
evaluation is to find out the cause of anemia as 
it can affect the choice of anesthesia. 
Systemic effect of anemia particularly hyper-
dynamic circulation, which can lead to cardiac 
failure, must be ruled out. 
The most appropriate minimum hemoglobin 
at which patient can be safely taken for surgery 
is very difficult to define as there are number 
of compounding factors which effects the 
outcome in anemia patients like type of the 
surgery, chronicity of anemia, associated 
comorbidities however, for a normal patient 
without any comorbidity (especially ischemic 
heart disease) undergoing a surgery where 
major blood loss is not expected a minimum 
hemoglobin of 8 g/dL is considered optimal to 
accept the patient for elective surgery. 
Correction of anemia can be done by treating 
the cause, dietary modifications, medications 
(iron, folic acid, vitamin B12 or blood 
transfusion depending on the severity of 
anemia and availability of time before surgery. 

lntraoperative 
Blood loss should be minimized by adequate 
hemostasis or controlled hypotension. 

Maximum a llowable blood loss is calculated 
by the following formu la: 

1-fematocrit of patient -
desirable hemarocrir 

(us(usually 30) __ x Blood volume 
Hematocrit of patient (80-90 mL/kg) 

For example, allowable blood loss for a 70 kg 
patient with hemoglobin of 12 g% will be: 
Patient hematocrit - 12 x 3 = 36 
Desired hematocrit- 30 
Blood volume - 70 x 85 = 5950 L 

36-30 
Allowable blood loss=--x 5950 = 991 mL 

36 
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 transfusion). The gene ral guidelines for 
transfusion are: 
Blood loss greater than 20% of blood volume 
(however, the correct approach is calcula te 
the a llowable blood loss by above said 
formula) or hemoglobin level less than 8 g% 
in normal patient and less than LO g% in a 
patient with major disease like ischemic heart 
disease. 

Choice of Anesthesia 
Regional anesthesia can be given safely however, 
due to possibility of neurological deficits regional 
anesthesia should be avoided for vitamin B,2 
deficiency anemia. 



General Anesthesia 
The factors which can shift the oxygen 
dissociation curve to left (especiaJly aJkalosis 
caused by hyperventilation), which increases 
the oxygen requirement like shivering or 
which decreases the cardiac output should be 
avoided. 
As nitrous oxide can cause megaloblastic 
an emia therefore, should be avoided for 
vitamin 812 deficiency anemia. 
Increase uptake of inhalational agents is offset 
by increased cardiac output seen in anemia 
patients. 

SICKLE CELL DISEASE 
1here is no increase in morbidity and mortality in 
patients having sickle cell trait while patients with 
sickle cell disease are at high risk of complications. 

Preoperative Evaluation 
The major goals of preoperative evaluation are: 

To assess the pulmonary (including acute 
chest syndrome), renal, splenic and cerebral 
damage caused by vasoocculsive episodes. 
Frequencyofvasoocculsive episodes including 
the time lapse since last episode. Patients in 
acut.e crisis phase must not be taken for elective 
surgery. 
Very commonly practiced policy of bringing 
HbS level to less than 50% by exchange 
transfusion does not hold valid now a days. 1he 
aim in current day practice is j ust to correct the 
anemia by giving red cell transfusion with the 
target hematocrit > 30 (Hemoglobin> 10 g%). 
The most important perioperative goal is 
to avoid the factors which can precipitate 
sickling, i.e. hypoxia, acidosis, dehydration, 
hypothermia, stress and pain. 
To avoid dehydration in travenous fluids 
should be started in preoperative period. To 
avoid stress and anxiety these patients must be 
premedicated with benzodiazepines. 

I ntraoperative 
Choice of anesthesia: All regional blocks can be 
given safely. The old recommendation of not giving 
intravenous regional anesthesia (Bier's block) to 
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sickle cell patients does not hold true in current 
day practice. Bier's block was not possible in 
sickle cell patients because use of tourniquet was 
contraindicated however as per current guidelines 
tourniquet can be used safely in sickle cell 
patients in spite of a little higher complications. To 
minimise the complication it is recommended to 
use tourniquet for minimal period with minimal 
possible pressure. 

1he factors which precipitate sickling must be 
avoided at any cost. 

Postoperative 
As pain can precipitate sickling, postoperative 
pain control becomes vital in these patients. Acute 
lung syndrome usually occurs after 48-72 hours in 
postoperative period. 

THALASSEMIA 
The patients with thalassemia minor are not high 
risk while with thalassemia major are high ri sk 
patients for perioperative morbidity and mortality. 

Other than the severity of anemia it is 
important to assess the organ involvement like 
hepatosplenomegaly, skeletal involvement, 
congestive heart failure and consequences of iron 
overload like cirrhosis. 

Skeletal abnormalities of maxilla (maxillary 
overgrowth) can make intubation difficult. 

POLYCYTHEMIA 
Reduce hematocrit to <45 and platelet count 
(usually associated with polycythemia) to 
less than 4 lakhs before taking the patient for 
elective surgery. 
The patients with polycythemia are not only 
at high risk of thromboembolic complication 
but also at increased risk of bleeding due 
to decrease von Willebrand factor seen in 
polycythemia. 

DISORDERS OF HEMOSTASIS 
Disorders of Platelets 
Thrombocytopenia 
Platelet count of> 50,000/mm3 is recommended 
before considering for surgery. However, for minor 
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surgeries where no blood loss is expected a count of 
30,000 may suffice. Neurosurgical patients cannot 
be considered for surgery if their platelet count 
is <l 00000. Symptomatic patients (spontaneous 
bleeding) irrespective of their platelet count need 
platelet transfusion before surgery. 

Choice of anesthesia: Patients with platelet 
count more than 80,000/ cubic mm can be safely 
given central neuraxiaJ blocks. Platelet count 
between 50,000 and 80,000/cubic mm is a relative 
contraindication while count less than 50000 is an 
absolute contraindication. 

Disorders of Coagulation 
Coagulation Deficiency Disorders 
The deficit factor should be increased to at least 50% 
of the normal before considering the patient for 
surgery by administration of fresh frozen plasma, 
cryoprecipitate or recombinant factor. 

Choice of anesthesia 
Regional anesthesia is contraindicated. 
Intramuscular route should be avoided. 
Intubation should be performed by expert hand 
with minimum trauma, otherwise tl1ere can be 
massive bleeding in oral cavity. 

Hypercoagulable Disorders 
Antithrombin levels should be > 80% at least for 
5 days in postoperative period. Protein C and 
prote in S deficiency should be corrected in 
preoperative period by fresh frozen plasma. 

Central neuraxial blocks are preferred because 
they decrease the incidence of thromboembolic 
complications (due to increase blood in lower limb 
and pelvic veins). 

All prophylaxis against deep venous throm-
bosis (DVT) should be started as early as possible. 

G6PD DEFICIENCY 
The anesthetic management of these patients 
includes assessing th e severi ty of anemia and 
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avoiding the drugs and conditions which can 
trigger hemolysis in G6PD deficient individuals. 
The drugs and conditions which can trigger 
hemolysis in perioperative period in these patients 
include: 

Diazepam; interestingly, midazolam is safe. 
lsoflurane and sevoflurane. 
Drugs which can cause methemoglobinemia 
can cause sign ificant hemolysis in th ese 
patients. Therefore, prilocaine, benzocaine, 
lignocaine and nitroglycerine should be 
avoided. 
Methylene blue: Administrating methylene 
blue to these patients can be life threatening. 
Acidosis, hypothermia, hype rglycemia and 
infection can trigger hemolysis therefore, must 
be avoided throughout in these patients. 

PORPHYRIA 
Drugs which indu ce aminolevulini c acid 
synthetase can precipitate all kind of porphyrias 
except porphyria cutanea tarda and erythropoietic 
protoporphyrias. Drugs used in anesthesia which 
induce aminolevulinic acid synthetase and hence 
can precipitate all kind of porphyrias (except 
porphyria cuta nea tarda and erythropoie tic 
protoporphyrias) are: 

Barbiturates (Thiopentone/ Methohexitone)-
Absolutely contraindicated. 
Diazepam, etomidate, pentazocine-Should 
be avoided. 

• lnhalational agents, ketamine, non-depolari-
zing muscle relaxants- although safety has 
not been established however, unlike ly to 
precipitate porphyrias. 
Fasting, dehydration and infection can trigger 
acute crises. 
Regional a nesthesia should be avoided 
in the porphyria patien ts with periphera l 
neuropathy. 
Propofol, opioids, suxam ethon ium are 
considered as safe agents. 

• Minimum hemoglobin of 8 g/dl is considered optimal to accept the patient for elective surgery. 
• 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 transfusion. 

Contd ... 
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Contd .. . 
• Exchange transfusion is not practiced technique for sickle cell patient in current day The approach is just 

to correct the anemia by giving red cell transfusion with the target hematocrit > 30 (Hemoglobin> 10 g%). 
• The most important perioperative goal in sickle cell patients is to avoid hypoxia, acidosis, dehydration, 

hypothermia, stress and pain. 
• Intravenous regional anesthesia (Bier's block) can be utilized for sickle cell patients. 
• Platelet count of> 50,000/mm3 is recommended before considering the patients for surgery. 
• The deficit coagulation factor should be increased to at least 50% of the normal before considering the patient 

for surgery. 
• Regional anesthesia is contraindicated for patients with deficient coagulation factor disorders like hemophilia. 
• Administrating methylene blue can be life-threatening in patients with G6PD deficiency. 
• Barb,turates are absolutely contraindicated for all kind of porphyrias except porphyria cutanea tarda and 

erythropoietic protoporphyrias. 
• Propofol. opioids and suxamethonium are considered safe for porphyrias patients. 
• Fasting, dehydration and infection can trigger acute crisis of porphyria. 
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CHAPTER 27 
Neu rosu rg ica I Anesthesia 

CEREBRAL PHYSIOLOGY AND 
PHARMACOLOGY 

Cerebral Blood Flow (CBF) 
Cerebral perfusion pressure (CPP) is the difference 
between mean arterial pressure and intracranial 
pressure. CBF is 50 mL/100 g of brain tissue. CBF 
is maintained at constant level by autoregulation 
when mean arterial pressure is between 60 mm Hg 
and 150 mm Hg. 

Cerebral ischemia, head injury, hypercarbia, 
hypoxia brain edema and inhalatiorzal agents can 
abolish this autoregulatory mechanism. 

Cerebral blood flow is effected by: 
Cerebral metabolic rate 
Blood pressure (outside the limits of auto 
regulation) 
pCO2 (pH): Each mm increase in pCO2 above 
40 mm Hg increases CBF by 15-30 mL/min 
pO2: Increases CBF only if pO2 is below 
60mm Hg 
Anesthetics: All inhalational agents, J<etamine 
and opioids increase CBF while barbiturates, 
propofol, etomidate and benzodiazepines 
decreases the CBF. 

Cerebral Metabolic Rate 
Couples with cerebral blood flow. Hyperthermia, 
seizures increase the cerebral metabolic rate 
( CMR) while hypothermia and anesthetics 
decreases the cerebral metabolic rate. 

lntracranial Tension 
lntracranial tension (JCT) reflects relationsh ip 
between volume of intracranial contents and 

cranial vault. Normal ICT is 10-15 mm Hg. lCT 
> 20 mm Hg is significant and needs aggressive 
treatment. 

Signs and Symptoms of Raised ICT 
Headache, vomiting, altered sensorium, hyper-
tension and bradycardia (Cushing reflex), papil-
ledema, seizures, apnea, unconsciousness and 
death (at very high JCT) and midline shift > 0.5 cm 
on computed tomography(CT) scan. 

Methods to Decrease lntracranial Tension 
Hyperventilation It is the most rapid method 
of reducing !CT. Hyperventilation reduces 
the ICT by causing hypocapnia which in turn 
causes cerebral vasoconstriction to decrease 
the production of cerebrospinal fluid (CSF). 
Moderate hypocapnia is beneficial however 
excessive hypocapnia by causing excessive 
cerebral vasoconstriction can cause cerebral 
ischemia therefore it is recommended to main-
tain pCO2 between 25-30 mm I lg. 
Hyperosmotic drugs: 

Mannitol, urea and hypertonic saline: 
Among these agents most commonly 
used is mannitol. These drugs are 
retained in intravascular compartment 
increasing plasma osmolarity, drawing 
wate r from b rain tissue decreas ing 
brain edema however, if blood brain 
barrier is d isrupted (head injuries, 
stroke) these agents can enter the brain 
tissue increasing the cerebral edema. 
Therefore, the use of mannitol in head 
injury and stroke should be judicious. 
Mannitol should be repeated only if there 



• SECTION 8: Subspedalty Anesthetic Management 

is clear evidence for decrease in ICT or 
improvement in surgical conditions after 
1st dose. 

Diuretics: 
Furosemide: It is very effective method 
of reducing ICT particularly when blood 
brain barrier is disrupted. 

Steroids: 
Dexamerhasone 
Methylprednisolone 

The exact mecha n ism by which steroids 
decrease the JCT is not clear; probably they 
act by membrane stabilization or reducing the 
production ofCSF. 
Barbiturates: Thiopentone by causing cerebral 
vasoconstriction is effective in decreasing the 
production ofCSF and hence ICT. 
Posture: Head up position by increasing 
venous drainage decreases !CT. eek flexion
by compressing jugular veins can increase JCT. 
CSF drainage: If JCT is not controlled by 
conservative measure it should be drained 
through ventric les (never through lu mbar 
puncture, brain herniation can even cause 
death). 

Pharmacology 
Effect of anesthetic agents on cerebral blood flow 
(CBF), cerebral metabolic rate (CMR), cerebral 
oxygen consumption (CM02), CSF dynamics and 
intracranial tension (!CT): 

lnhalational Agents 
All inhalational agents (including nitrous 
oxide) increases the cerebral blood flow and 
hence !CT. The order of vasodilating potency 
is- halothane >> Desflurane "' lsoflurane > 
Sevollurane. 
All inhalational agents produce dose-
dependent reduction in cerebral metabolic 
rate and cereb ra l oxygen consumption 
(CM02). lsoflurane and Sevoflurane can 
decrease CMR up to 50%. 
Halothane and desflurane have unfavorable 
effect on dynamics or CSF (increases produc-
tion and decrease absorption). Sevoflurane has 
no effect while isoflurane has favorable effects 
on dynamics of CSF (increases absorption). 
Due to more favorable effects on cerebral 

hemodynamics (cerebra l blood flow and TCT), 

better preservation of autoregulation, equivalent 
reduction in cerebral metabolic rate and smoother 
recouery seuojlurane is preferred over isoflurane as 
an inhalational agent of choice for neurosurgery in 
current day anesthetic practice. 

Intravenous Anesthetics 
Barbiturates, propofol, etomidate and 
benzodiazepines decrease CBF, CMR, CM02 
and ICT. Barbitura tes are most potent in this 
aspect. 
Opioids decrease CMR and CM02 but increases 
CBF (directly acting cerebral vasodilator) and 
hence JCT. This increase in CBF is significant 
when blood brain barrier is disrupted. 
Keramine increases CBF and !CT very 
significantly (up to 60%). Ketamine also 
increases CM R and CM02• 

Muscle Relaxants 
Succin ylcholine increases the JCT. 
Non-depolarizing muscle relaxants do not 
cross the blood brain barrier. 

Local Anesthetics 
Lignocaine decreases CBF, CMR, CM02 (but at 
toxic doses it can induce seizure and can increase 
CMR). 

Vasopressors 
(Mephentermine, Ephedrine, Epinephrine) 
Increase CBF indirectly by increasing cerebral 
perfusion pressure. 

Vasodilators 
Increase CBF and JCT by causing direct cerebral 
vasodi latation. 

GENERAL CONSIDERATIONS 
IN NEUROSURGICAL PATIENTS 
Fluids 
It is difficult to determine the most ideal fluid for 
neurosurgery. As hyperglycemia can precipitate 
cerebra l edema therefore, Glucose containing 
solutions should be avoided. Ringer lactate is 
hypoosmolar therefore, in large quantities can 
aggravate cerebral edema. Normal saline is large 
quantities can cause hyperchloremic metabolic 



acidosis. Therefore, the best policy is to alternate 
ringer and normal saline liter by liter. 

The concern of colloids crossing disrupted 
blood brain barrier in head injuries or intracraniaJ 
hemorrhages aggravating the cerebral edema is 
more theoretical, therefore, if necessary colloids 
can be safely used for resuscitation, however, their 
use should be limited because of their property to 
inhibit coagulation. 

Hypothermia 
the role of mild hypothermia is only restricted to 
the surgeries at high risk of ischemia. Routine use 
of hypothermia is no/ recommended. 

Glycemic Control 
Both hyperglycemia as well as hypoglycemia can 
be detrimental the refore, blood sugar should be 
best maintained between 140 and 180 mg%. 

Monitoring 
Most important is Capnography. Hypercapnia 
is the most potent cerebral vasodilator 
therefore, can significantly increase the ICT. 
Moderate hypocapnia (pCO2 between 25 and 
30 mm Hg) is beneficial by decreasing ICT 
however excessive hypocapnia (pCO2 < 25 mm 
Hg) can cause cerebral ischemia
Pulse oximetry: Hypoxia should be avoided 
as it increases JCT by causing cerebral 
vasodilatation. 
Continuous (Invasive) blood pressure: As 
autoregulation is often impaired in patients 
undergoing neurosurgery, cerebral perfusion 
pressure (CPP) becomes directly dependent on 
mean arterial pressure (MAP). Hypertension 
can increase JCT and hemorrhage while 
hypotension can cause cerebral ischemia. The 
aim should be to maintain CPP (MAP-ICP} 
between 70 and JOO mm Hg not only in intra-
operative period but also in post-operative 
period for at least 2- 3 days. 

To get CPP the transducer should be zeroed 
at /he level of external auditory meatus not at 
right atrial level. 
Central venous pressure (CVP}: CVP monitor-
ing is needed only if large fluctuations in 
hemodynamics are expected. The concern 
of decreasing venous return and thereby 
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increasing ICT with jugular venous calculation 
only appears to be theoretical. 
lntracranial pressure (ICP): ICP monitoring 
may be required if JCP is highly elevated 
and not getting controlled with conservative 
measures. 

Emergence 
Smooth emergence, i.e. emergence free of coughing, 
straining, and hypertension is must in neurosurgical 
patients. Coughing or hypertension during 
extubation not only significantly increase the JCT 
but can also cause massive bleeding. The best 
possible methods to achieve smooth emergence 
is to inject lignocaine before extubation, continue 
inhalational (at least N2O) till dressing is over and 
use Bblockers (Esmolol, LabetaJol) if necessary. 

ANESTHESIA FOR CONDITIONS WITH 
RAISED INTRACRANIAL TENSION 
Usual conditions encounte red with raised 
intracranial tension are: 

Intracranial space occupying lesions (ISOL). 
Head injuries. 
Cerebrovascular accidents. 

Preoperative 
If the patient is on steroids they must be 
continued and if not then steroids must be started 
in preoperative period for !SOL but not for head 
injury; preoperative steroids in head injury may 
prove to be detrimental. For edema due to ISOL 
24-48-hour course of dexamethasone, 10 mg 
intravenously or orally every 6 hours, is optimal. 

I ntraoperat ive 
Interventions to decrease intracranial tension 
should be instituted at the earliest. Hyperventilation 
should be started even from mask ventilation. 

Choice of Anesthesia 
Central neuraxial b locks are absolutely contra-
indica ted in raised JCT. 
General anesthesia: 
Premedication should to be avoided. 

Induction: Altho ugh Thiopentone has more 
favorable effect on CMR and !CT than propofol 
but still due to shorter half-life propofol is preferred 
over lhiopentonefor induction. 
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Intubation: Intubation can significan tly increase 
the ICT therefore, response to la ryngoscopy and 
intubation must be blunted with lignocaine, 
adequate depth and B blockers. 

Succinylcholine increases the ICT however, 
the increase is transient and can be revered with 
hyperventilation tl1erefore Suxamethonium is not 
absolutely contraindicated fo r neurosurgery and 
can be safely used if there is clear indication like 
rapid sequence induction or possib iUty of difficult 
airway. 

Maintenance: Oxygen , nitrous oxide and sevo-
flurane. However, if ICP is too high to be controlled 
or surgical field is too right that inhalational agents 
should be avoided and anesthesia is maintained 
on IV agents. 

Additional Considerations for Head Injury 
Surgeries usually done a re for drainage of 
extradural/subdural hematoma or for intracranial 
hemorrhage. 

Man agement o f head injury begins from 
emergency room. It includes: 

Management of airway: All patients of head 
injury should be assumed to be having 
cervical injury (incidence up to 15%) until 
proved otherwise and airway is to be managed 
accordingly (for management of cervical injury 
see Chapter 5, page no. 56). 

• Breathing: Hyperventilation to be instituted 
at the earliest. Nasal intubation should not be 
performed unless basal skull fracture has been 
ruled out. 
Circulation: Hypo tension associated with head 
injury is usua lly due to bleeding from other 
sites. Control of bleeding and management of 
hypotension takes priority. 
Rule out other major injuries like chest, 
abdominal or pelvic injuries and fracture of 
long bones. 
As DIC is commonly associated with head 
injury due to release of brain thromboplastin it 
must be ruled out in preoperative period. 
Assessment of neurologic status: The best 
method for assessing neurologic s tatus is 
modified Glasgow coma scale which includes: 
- Eye opening Score 

Nil 1 
Toxin 2 

To speech 3 
Spontaneously 4 

Best motor response 
None 1 
Extension 2 
Decorticate flex:ion 3 
Withdrawal 4 
Localizes pain 5 
To verbal command 6 

Best verbal response 
Nil 1 
Incomprehensible (garbled) sound 2 
Inappropriate words 3 
Confused 4 
Oriented 5 

Normal score is 15/15. Severe head injury is 
stated to be present if score is 7 or less and if 
persist for more than 6 hours is associated with 
more than 35% mortality. 
Number of times these patients may not be 
fasting requiring rapid sequence induction. 
Acute ri se in ICT (>60 mm Hg) may cause 
irreversible bra in damage or death in head 
injuries. 

Additional Considerations for 
Posterior Fossa Surgery 
Patients undergoing posterior fossa surgeries can 
have the following additional complications: 

Venous Air Embolism 
Posterior Cossa surgeries are performed in sitting 
position. In sitting position dural sinuses are above 
the level of heart therefore, have subatmospheric 
pressure. Once the dura is opened, a ir from 
atmosphere can be sucked in causing venous air 
embolism. 

The incidence of venous air embolism (VAE) 
can be as high as 20- 40% in posterior fossa 
craniotomies however, fortunately the incidence 
of clinically significant VAE is very less. The major 
portion of the air gets absorbed through pulmonary
circulation. VAE Clln become clinically significant if 
the volume of entertained air > 100 mL (however 
death has been reported with as low as 5 mL of air) 
or can be devastatin g if it becomes paradoxical, 
i.e. reaches left side of circulation ( usually through 
patent foramcn ovate). Paradoxical embolism can 
cause coronary block causing cardiac arrest o r 
cerebral block causing massive infarcts. 



Diagnosis: 
• the most sensitive tool to detect VAE is trans-

esophageal echocardiography (TEE). it can 
detect as low as 0.25 mL of air. Other advantage 
of TEE is that it can measure the quantity of air, 
diagnose paradoxical embolism and can assess 
cardiac function. 
Precordial Doppler: It is less sensitive than 
TEE. 
End tidal carbon dioxide (ETCO2) Sudden 
drop in ETCO2 values after the opening of dura 
strongly suggests venous air embolism. 
End tidal nitrogen: Sudden increase in end 
tidal nitrogen is more specific for VAE. 
Alveolar dead space, pulmonary artery 
pressure and CVP can increase due to block-
age of pulmonary circulation. 
ECG may shows arrhythmias. 
Clinical signs: 

Hypo tension 
Tachycardia 
Cyanosis 

- Mill wheel murmur 
- Cardiovascular collapse 

Clinical signs appear late in venous air 
embolism. 
To conclude, the sensitivity of various tests for 

detection of air embolism in decreasing order is: 
TEE • Precordial Doppler • PAP, ETCO2 ET 

nitrogen • CVP • ECG • clinical signs. 

Treatment: 
• Ask the surgeon to pack and flood the area 

with saline, apply wax to cut edges of bone to 
prevent further sucking of air. 
Stop nitrous oxide and start 100% oxygen. 
Nitrous oxide can expand the size of air 
embolus. 
Card iopulmonary resuscitation, if cardiac 
arrest has occurred. 
Aspirate air through right atrial catheter (CVP 
catheter). That is why putting a CVP catheter 
makes sense in posterior fossa surgery. 
Bilateral jugular venous compression and 
Trendelenburg position: These maneuvers 
by increasing cerebral venous pressure will 
decrease air entrainment. Same way, positive 
end expiratory pressu re (PEEP) will a lso 
reduce the air entrainment but avoided by 
most of the clinicians as it can increase the 
possibility of paradoxical embolism. 
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• Hypotension is to be managed with inotropic 
support like dopamine or dobutarnine. 
Treat arrhythmias. 
Treat bronchospasm. 
Left lateral position (right chest up) to keep the 
air on right side of heart ls now recommended 
only if right to left shunt is suspected. 
Hyperbaric oxygen to reduce size of air bubble. 
It is helpful if transfer to hyperbaric chamber is 
done within 8 hours. 

Pneumocephalus 
Like venous air embolism the incidence of 
pneumocephalus is high in sitting position. Once 
pneumocephalus develops air may remain in 
cranium up to 1 week. Using nitrous oxide during 
this period can be detrimental. 

Injury to Brainstem 
Injury to respiratory or cardiovascular centers 
during posterior fossa surgery may turn out to be 
fatal events. 

Obstructive Hydrocephalus 
lnfratentorial masses can obstruct CSF flow 
leading to massive increase in ICT. 

Additional Considerations for 
Stroke/ Surgery for Cerebral Aneurysms 
The patients after hemorrhagic stroke may come 
for emergency surgery for removal of clot or for 
control of bleeding or they may be posted for later 
date for aneurysmal clipping to prevent rebleeding 
or for carotid endarterectomy (CEA) to prevent 
another ischemic stroke. 

Timing of Surgery 
Emergency surgery has to be conducted with 
the fo llowing considerations: 

Blood should be available 
- Intracranial tension should not be 

reduced rapidly. Sudden shrinkage of 
brain may remove the tamponade effect 
causing re-bleeding. 
Avoid hypertension (can cause re-
bleeding) as well as hypotension (can 
cause ischemia) 
Cardiac evaluation and ru ling out 
syndrome of inappropriate antidiuretic 
hormone (SIADH) or salt wasting 
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synd rom e is must in p atients with 
subarachnoid hemorrhage 

If early intervention is not feasible due to any 
reason then surgery should at least be delayed 
for 2 weeks to avoid the period of maximal 
vasospasm risk (4-14 days). Surgeries done 
in th is period carries high morbidity and 
mortality. If it is mandatory to do surgery in this 
period than "Triple H" therapy (hypervole mia, 
hypertension and hemodilution) should be 
added to nimodipine fo r the treatment of 
vasospasm. 
Hypotensive anesthesia which used to be the 
corners tone of an e urysm surgery is h ard ly 
used in current day anesthesia practice. 

• Studies have shown that 6 weeks after a 
s troke there occurs reason able recovery 
of au toregulation, blood brain barrier a nd 
CO2 responsiven ess t herefore, Carotid 
endarterectomy (CEA) can be undertaken 
after 6 weeks. Delayin g CEA surgeries beyond 
6 weeks carries the risk of re-infarction. 
Other elective surgeries should be deferred for 
9 months after cerebrovascula.r accident. 1l1e 
possibility of serious complications including 
anoth er stroke, heart attack o r even d eath 
rema ins significantly high up to 9 months. The 
odds of complications are stabilized at 3 times 
after 9 months. 

ANESTHESIA FOR AWAKE 
CRANIOTOMIES 
(STEREOTACTIC SURGERY) 

Stereotactic surgeries are done for treating 
involu nta ry movements (Parkinsonism), 
intracta ble pain synd romes and epilepsy. 

KEY POINTS 

The surgeon need awake patient to locate tl1e 
exact focus. 
Neuroleptanalgesia which used to be very 
popular tech nique in past is not used now a 
days due to QT prolongatio n (precipitating 
polymorphic ventricular tachycardia) seen 
with droperidol. The most commonly used 
techn ique u sed now a day is "Asleep-awake-
asleep". In this technique, patient is given 
anesthesia with short acting agents (Propofol, 
dexrnedetomidine, remifentan il, etc.) for the 
painful part of craniotomy (reaching up to 
d ura) then anesthetic agents are stopped so 
that patient becomes awake. Once the surgeon 
is done with the procedure patient is again 
given anesthesia for another painful part of 
surgery, i.e. closure. 

ANESTHETIC MANAGEMENT 
OF SPINE SURGERIES 

Document a ll n eurological defic its in 
preoperat ive sheet to avoid m edicolegal 
litigations. 
Assess cervical movements in all planes if the 
disease involves cervical spine. 
The major concerns of spine surgery are related 
to prone position (for complications related to 
prone position see Chapter 14, page no. 146), 
excessive b leeding and possibility of neural 
damage. The assessment of neural functions 
shou ld preferably be clon e by monitoring-
evoked responses. However, if that facility is 
not available then keep the patie nt awake an d 
avoid muscle relaxants during the crucial steps 
which can cause neurological damage. 

• All ,nhalational agents inhibit autoregulation of cerebral blood now while it remains largely preserved with 
most of the intravenous anesthetics. 

• pCO2 should be maintained between 25-30 mm Hg to achieve optimal hypocapnia. 
• Hyperosmolar drugs like mannitol are not absolutely contraindicated in disrupted blood brain barrier ltke head 

injury or stroke however, should be used judiciously. 
• All inhalational agents (including nitrous oxide) increase the cerebral blood flow and ICT The order of 

vasodilating potency is- halothane >>Desflurane"" lsoflurane>Sevoflurane. 
• Due to more favorable effects sevoflurane is preferred over isoflurane as an inhalational agent of choice in 

neurosurgery in current day anesthettc practice 
Contd ... 
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Conrd ... 
• All IV agents except ketamine decrease CBF, CMR and ICT 
• As hyperglycemia can cause cerebral edema. Glucose containing solutions should be avoided in neurosurgery. 
• If necessary colloids can be safely used in neurosurgical patient however, there their use should be limited 
• Routine use of hypothermia is not recommended. 
• Blood sugar should be best maintained between 140-180 mg%. 
• Capnography is more than mandatory monitor for neurosurgical patients. 
• The aim during neurosurgical procedures is to maintain cerebral perfusion pressure between 70 and 

lOOmmHg 
• Not only induction, recovery should also be very smooth in neurosurgical patients. 
• Steroids must be started in preoperative period in patients having brain edema due to brain tumor while 

preoperative steroids should be avoided 1f edema is due to head inJury. 
• Central neuraxial blocks are absolutely contraindicated in raised !CT. 
• Suxamethonium is not absolutely contraindicated for neurosurgery. 
• All head injury patients should be assumed to be having cervical injury and basal skull fracture until proved 

otherwise. 
• Venous air embolism is the most bothersome complication of posterior fossa craniotomies. 
• Venous air embolism can become clinically significant 1f the volume of entertained air> 100 ml. 
• The most sensitive tool to detect venous air embolism is transesophageal echocardiography. 
• After stroke surgery should avoided in period of maximal vasospasm risk (4-14 days) as far as possible. 
• Carotid endarterectomy can be undertaken after 6 weeks while other elective surgeries should be deferred for 

9 months after cerebrovascular accident. 
• The major concerns of spine surgery are related to prone position. 

__J 



CHAPTER 28 
Anesthesia for Obstetrics 

There are considerable physiological changes in 
parturient which can significantly increase the 
maternal morbidity and mortality. 

PHYSIOLOGICAL CHANGES 
IN PREGNANCY 
Cardiovascular System 

lntravascular 
fluid volume 
Cardiac output 
Systemic vascular 
resistance 

• Heart rate 
Blood pressure 

i by35% 
i by40% 
.J, by 15% 

i by 15% 
.J, by 5-20% (Diastolic 
decreases more than 
systolic) 

i : Increase; .J,; Decrease 
The clinical implication of cardiovascular 

changes is tha t pregnant patients are more 
vulnerable for cardiac failure due to hyperdynamic 
circulation. 

Respiratory System 
Tidal volume 
Respiratory rate 
Minute ventilation 
Functional residual 
capacity (PRC), 
Expiratory reserve 
volume (ERV) 
and residual 
volume (RV) 

Vital capacity 
Oxygen consumption 

i by40% 
i by 10% 
i by SO% 
.J, by20% 

(FRC, ERV and RV 
decreases due to 
gravid uterus causing 
diaphragmatic elevation 
and basal atelectasis) 
No change 
i by20% 

Blood gases 
pO2 

pH 

i: Increase; .J,; Decrease 

t by 10 mm Hg (Due to 
hyperventilation) 
.J, by 10 mm Hg (due to 
hyperventilation) 
No change (due to 
compensation) 

Anesthetic Implications of 
Respiratory Changes 

Due to increase minute ventilation the induc-
tion with inhalational agents may be faster. 
Due to decreased FRC, ERV and increased 
oxygen requirement pregnant patients a re 
more vulnerable for hypoxia therefore, 
preoxygenation is must. 
Due to capillary engorgement in upper airways 
chances of trauma and bleeding during 
intubation are high. 

Nervous System 
Progesterone decreases the minimum alveolar 
concentration by 25-40% making pregnant 
patients more susceptible to anesthetic over 
dosage. 
As the epidural veins are in direct communi-
cation with inferior vena cava, compression 
of inferior vena cava by gravid uterus causes 
engorgement of epidural veins decreasing 
the subarachnoid space leading the drugs 
to spread higher making pregnant patients 
more vulnerable for high spinal. Therefore, to 
prevent high spinal the dose of local anesthetic 
for spinal has to be reduced by 30-40%. 



Due to increased cerebrospinal fluid (CSF) 
pressure pregnant patient are more vulnerable 
for post-spinal headache. 
Due to decreased epidural space chances for 
accidental dural puncture is high after epidural 
in pregnant patients. 

Gastrointestinal System 
Parturients are very vulnerable for aspiration 
(sometimes they can even aspirate spontaneously 
called as Mendelson syndrome) due to the following 
reasons: 

Gastric emptying is delayed due to proges-
terone. 

• Gravid ute rus alters the normal gastro-
esophageal angle making lower esophageal 
sphincter (LES) to become incompetenr. 
Progesterone relaxes the LES. 
Gastric contents are more acidic. 

Anesthetic Implications 
Pregnant patients are so vuln erable for aspiration 
that all pregnant patients should be considered full 
stomach even if they are fasting f or more than 
8 hours and must be managed like a high risk case 
for aspiration. 

Hematological System 
Pregnancy is a hypercoagulable stare due to 
increase in factor I and factor VII. Increase in plasma 
volume causes dilurional thrombocytopenia and 
physiologic anemia of pregnancy. 

Leukocytosis without infection is common in 
pregnancy. 

Anesthetic Implications 
Pregnant patients are more vulnerabl e for 
thromboembolism. Excessive thrombocytopenia 
(platelet count < 80,0000) may deter the anesthetist 
to give central neurax.ial block. 

Hepatic System 
Plasma cholinesterase level is decreased by 
25% theoretically prolonging the effect of 
succinylcholine however, clinically this effect is 
insignificant. 

Kidneys 
Because of increase in cardiac output there is 
increase in renal blood flow and glomerular 
filtration rate (GFR). 
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Uterus 
In supine position gravid uterus can compress the 
inferior vena cava and aorta decreasing the cardiac 
output causing supine hypotension syndrome 
(SHS) which this can cause severe hypotension or 
even cardiac arrest after spinal anesthesia. 

To prevent SHS the pregnant patient should lie 
in left lateral position which can be accomplished 
by putting a 15° wedge under right buttock or 
by tilting the delivery table by 15° to left or by 
manually displacing the uterus to left. 

EFFECT OF ANESTHETIC 
TECHNIQUE/ DRUGS ON 
UTEROPLACENTAL CIRCULATION 
Uterine blood flow is 500-700 mL/ min (10% of 
cardiac output) and placental flow is directly 
dependent on maternal blood flow. Anything 
that causes hypotension like central neuraxial 
blocks, intermittent positive pressure ventilation 
(lPPV) during GA, inhalational agents, IV agents 
(Thiopentone and Propofol) or causes maternal 
vasoconstriction (vasopressors) or increases 
uterine tone (ke tamine) can decreases the 
maternal fl ow and hence placental blood flow 
compromising the fetal wellbeing. 

TRANSFER OF ANESTHETIC DRUGS TO 
FETAL CIRCULATION 
ALL anesthetic drugs except muscle relaxants 
(only gallamine has significant transfer) and 
glycopyrrolate can be transferred to f etus from 
maternal circulation. Therefore, a ll drugs should 
be used in minimum concentration and dosage. 

A large fraction of drug reaching the fetus is 
metabolized by fe tal liver (75% of umbilical vein 
blood flows through liver) therefore less d rug 
reaches to the vital structures like brain and heart. 
However, drugs like local anesthetics and opioids 
can get accumulated in fetus. Local anesthetics 
and opioids are bases; they crosses the placenta 
in unionized form, become ionized in fetal 
circulation (due to low pH) and cannot come back 
to maternal circulation leading to their trapping 
(called as ion trapping) and accumulation in 
fetus. 

ANESTHESIA FOR CESAREAN SECTION 
Regional anesthesia. is preferred over general 
anesthesia. 
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Advantages of Regional (Spinal/Epidural) 
over General Anesthesia 

Risk of pulmonary aspiration ( which is 4 times 
more in obstetrics) can be avoided. 
The possibility of failed intubation (which is 
8 times more in obstetrics) can be avoided. 

Because of pulmon ary aspiration and failed 
intubat ion the mortality in obstetrics during 
general anesthesia (GA) is twice as compared to 
regional anesthesia. 
Effect of anesthetic drugs on fetus can be 
avoided. 
Awake mother can interact with her newborn 
immediately after surgery. 
High inspired concentration of oxygen to 
mother can be delivered. 

Disadvantages 
Increase p rocedure time makes spinal/ 
epidu ra l unsuitable for emergency situations 
like severe fetal d istress. 
If hypotensio n is significant, it can compro-
mise fetal circulation. 
Pregnant patients are more vulnerable for high 
spinal and postspinal headache after spinal 
and accidental dural puncture after epidural. 

Anesthetic Considerations 
Du ring cesarean there occurs handling of 
gut and mesentery therefore level up to T4 is 
required. 
As the pregna nt patients are very vulnerable 
for high spinal doses of local anesthetic should 
be reduced by 30-40%. 
Left lateral til t shou ld be maintain ed to prevent 
supine hypotension syndrome. 
Hypotension can compromise feta l wellbe ing 
there fore should be aggressively trea ted by 
fluids and vasopressors. However, disadvantage 
of vasopressors is that they not only produce 
vasoconstriction in m aternal circulation but 
a lso in uteroplacenta l bed compromising 
fetal circulation except ephedrine which does 
n ot produces significant vasoconstrict ion 
in uteroplacental bed . Due to chis reason 
Ephedrine had always been the vasopressor of 
choice in pregnancy however, recent human 
trials have shown phe nylephrine co produce 
less feta l acidosis than eph edrine maki ng 
phenylephrine as a preferred vasopressor 

over ephedrine in pregnancy in current day 
anesthetic practice. 
Onset of epidural takes a lo ng time (15-20 
min utes) therefore it is reserved for elective 
cases only or for specifi c conditions like 
pregnancy-induced hypertension (PIH). 

General Anesthesia for Cesarean Section 
GA is usually given for feral distress when there is 
no time to given spinal or if there is contraindi-
cation for spinal anesthesia. 

Premedication 
All pregnant patients must be considered full 
stomach irrespective of their fasting status and 
must be managed like rapid sequence induction. 
The refore, they must be premedica ted with 
metoclop ram ide, sodium citrate (to neutralize pl I) 
and ranitidine. 

Induction 
As induction is rapid seque nce where bag and 
mask ventilation is contraindicated, preoxygen -
ation becomes must. Due co d ire emergency if it 
is nor possible to preoxygenate for 3 minutes then 
patient must be asked to take 3-4 deep breaths with 
100% oxygen as an alternative to preoxygenation. 

'lhiopentone had been the induction agent of 
choice in the past as propofol safety had not been 
proven in newborns however, now it is seen that 
at the doses used for induction Propofol does not 
affect the APGAR therefore can be safely used in 
pregnancy. Ketamine appears a good choice as it 
preserves upper ai rway reflexes however, generally 
avoided because of its hallucinogenic side effects 
and tendency to increase uterine tone at high 
doses. 

Intubation is done with suxamethonium while 
assistant applies the cricoid pressure. Anticipate 
difficult intubation due to airway edema. 

Maintenance 
All inha lational agents in curre nt use can relax 
the ute rus in same magnitude and can cause 
postpartum hemorrhage (PPH) however it has 
been seen that at concentra tion less than half 
minimum alveolar concentration (MAC) they 
do nor produces significant u terine relaxation 
therefore can be used safely in concen tration 
<0.5 MAC. Traditionally isoflurane had been most 



preferred because of its cardiac stability however 
sevoDurane and desflurane are equally good 
alternatives. 

Opioids can be given only after the delivery of 
baby. All muscle relaxant except gallamine can be 
used safely. 

Anesthetic Considerations for Cesarean 
Section in Patients with Pregnancy-
induced Hypertension/Preeclampsia 
Before giving central neuraxia l b locks it is 
important to rule out HELLP syndrome. 

Anesthesia of Choice 
Anesthetic technique of choice is epidural. Difficult 
intubation due to laryngeal edema can make GA 
to become r isky. As PIH patients are hypertensive 
they are more prone for hypotension however, if 
necessary spina l can be given to PIH patients. 

If the p atie nt is having HELLP syndrome 
then epidural also becomes contraindicated and 
patient receives GA instead of laryngeal edema. 

General Anesthesia 
As stated above intubation can be difficult due 
to laryngeal edema. 
Attenuation of ca rdiovascula r response 
to intubation must be blunted, otherwise 
intracranial hemorrhage can occur. 
Many patients are on magnesium which can 
potentiate the aclion of muscle relaxants or 
can cause respiratory or cardiac arrest at toxic 
levels. 
If the patient presents with active seizures 
(eclampsia) induction should be done with 
thiopentone (anticonvulsant) and followed by 
general an esthesia in same way as for cesarean 
patient. 

Anesthetic Considerations for Cesarean 
Section in Patients with Heart Diseases 
Th e anesLheric considerations in patients with 
heart diseases depend on the existing lesions and 
the management is guided by th e same principles 
applicable for cardiac patie nts. For example, in 
patients with severe fixed cardiac output lesion like 
mitral or aortic stenosis central neuraxial blocks 
should be avoided. Pregnant patients are more 
vulnerable for cardiac failure than nonpregnant 
patient. 
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LABOR ANALGESIA 
(PAINLESS LABOR) 
Pain affe re n ts from uterus and cervix travel up 
to TJO-Ll. Most commonly used technique is 
continuous lumbar epidural. 

Lumbar Epidural 
Timing to Start 
Contrary to the previous recommendation that 
painless labor should be started once the labor 
is well established (i.e. cervix should b e ar least 
3- 4 cm dilated), the current recommendation is 
to start painless labor when the patient demands 
irrespective of the stage of labor. 

Procedure 
Epidural cathete r is placed in lumbar space 
(usua lly L3-4) and 8- 10 mL of bupivacaine 
(0.0625%-0.25%) or Ropivacaine (0.1-0.2%) 
(Ropivacaine preferred) + 2 µg / mL of fen tanyl 
is given through catheter after confirming the 
position of cathe ter by test dose with 2-3 ml of 
lignocaine. Bolus dose is followed by the same 
con centration of bupivacaine / ropivacaine + 
fen tanyl given as continuous infusion at a rate of 
8-10 mL/hr. If the concentration of bupivacaine 
used is too low (0.0625%) it is called as walking 
epidural (mean s patient can move out of the bed 
and s it in recliner). 

Lignocaine with adrenaline should be avoided 
for test dose in pregnant patient due to 2 reasons. 
Firstly, theoretically it can decrease uterine blood 
supply and secondly, as there is already so much 
variation in heart rate due to labo r that it becomes 
impossible to differentiate whether the change 
in heart rate is due to intravascular injection or 
labor. 

Complications 
Accidental dural puncture is a known 
complications. lf there occur accidental dural 
puncture clinician is left with 2 options. First, to 
remove needle and try epidural in other space. 
Second, to pass a catheter in subarachnoid 
space and maintain analgesia with"continuous 
spinal" instead of "continuous epidural''. The 
infusion rate used for continuous spinal is low, 
i.e. 1-3 mL/ hr instead of 8- 10 mL/hr used fo r 
epidural. The second option, i.e. continuous 
spinal should be preferred. 
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• Low concentration epidurals neither increases 
the rate of cesarean section nor the rate of 
instrumental delivery however, can delay the 
duration of labour by 30-60 minutes. 

Combined Spinal Epidural 
Some clinicians give spinal with a very small dose 
(2.5 mg, i.e. 0.5 mL) of hyperbaric bupivacaine 
+ 10 µg of fentanyl before giving epidural. The 
advantage is immediate relief of pain due to rapid 
onset of spinal. Motor block does not occur with 
such a small dose of bupivacaine. 

Other regional techniques like Double 
Catheter (first stage pain relief achieved by lumbar 
epidural and second stage by sacral epidural 
catheter), Pudenda] erve Block (for second stage 
only) or Paracervical Block (can cause severe fetal 
bradycardia and cardiotoxicity) are hardly use in 
present day anesthetic practice. 

Entonox Inhalation 
The patients who cannot receive epidural are given 
entonox (combination of 50% oxygen and 50% 
nitrous oxide) through a self-inhaler mask. 

Parenteral Narcotics 
Intramuscular p ethidine+ promethazine 
(phenergan) had been the very popular combi-
nation in past. Other short acting opioids like 
fentanyl, sufentaniJ and remifentaniJ can be used 
intravenously in small increments. As rernifentanil 
is metabolized in maternal plasma, insignificant 
amount reaches the fetus making remifentanil as 
a parenteral opioid of choice for pain relief in labor 
analgesia. Parenteral narcotic should be used only 
as last resort as there is always a risk of fetal as well 
as maternal respiratory depression. 

ANESTHESIA FOR MANUAL 
REMOVAL OF PLACENTA 
Patients with retained placen ta may bleed 
profusely. They need hemodynamic s tability 
befo re considering for ane sthesia. As all 

KEY POINTS 

inhalational agents in current use are uterine 
relaxants therefore, anesthesia of choice is GA with 
inhalational agents. The choice of inhalational 
agents is guided by the hemodynarnic parameters; 
for example, if the patient is in shock then 
inha1ationa1 agent preferred will be desflurane. 

ANESTHESIA FOR NON-OBSTETRIC 
SURGERIES DURING PREGNANCY 
The most common surgeries performed are 
appendectomies and cholecystectomies or 
patients may come for trauma surgeries. 

Elective surgery should be deferred until 
postpartum period (6 weeks postdelivery) while 
urgent surgeries should be performed during 
the second trimester. 

In first trimester, there are increased chances 
of abortion and congenital abnormalities. 
During third trimester there are increased 
chances of preterm labor therefore only 
emergency operations should be performed in 
first and third trimester. 

• If any surgery has to be done from 14 weeks 
of gestation to 48 hours after delivery then 
aspiration prophylaxis should be taken. 

Choice of Anesthesia 
The aim should be to avoid general anesthesia 
therefore, anesthesia of choice is regional anesthesia. 
Ensure that there does not occur hypotension after 
spinal as it can compromise fetal circulation. 

General Anesthesia 
The general principle is to use anesthetic drugs 
when absolutely necessary and in minima l 
possible doses. The concern of teratogenicity 
of nitrous oxide and benzodiazepines does not 
appear to be real in humans however, they should 
be avoided as far as possible. Similarly, propofol 
can also be used safely. 

During laparoscopies ensure that surgeon 
uses minimum intra-abdominal pressure to 
prevent hypotension. 

• Hyperdynamic circulation makes pregnant patients more vulnerable for cardiac failure. 
• Decreased FRC, ERV and increased oxygen requirement makes pregnant patients more vulnerable for hypoxia. 

Coned ... 
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Contd .. 
• Minimum alveolar concentration decreases by 25 to 40% in pregnant patients making them more susceptible 

to anesthetic over dosage. 
• Pregnant patients are very prone to develop high spinal. 
• Supine hypotens1on syndrome (SHS) can cause severe hypotension or even cardiac arrest after spinal anesthesia 

To prevent SHS the pregnantpatient should lie in left lateral position. 
• All anesthetic drugs except muscle relaxants only Gallam1ne has significant transfer) and glycopyrolate can be 

transferred to fetus from maternal circulation. 
• Due to alkaline pH local anesthetics and opioids can get accumulated in fetus. 
• Reg1ona 1 anesthesia is preferred over general anesthesia for cesarean section because risk of pulmonary 

aspiration and possibility of failed intubation can be avoided. 
• Because of pulmonary aspiration and failed intubation the mortality in obstetrics during GA s twice as 

compared to regional anesthesia 
• All pregnant patients must be considered full stomach irrespective of their fasting status and must be managed 

like rapid sequence induction. 
• At concentration less than half minimum aIveoIar concentration (MAC) nhalational agents do not produces 

significant uterine relaxation. 
• Contrary to old recommendations propofol can be safely used 1n pregnancy. 
• Anesthetic technique of choice for PIH Is epidural. 
• Most commonly used technique for painless labor is continuous lumbar epidural. 
• Maternal demand is sufficient indication to start pa nless labor. 
• Low concentration epidurals neither increase the rare of cesarean section nor the rate of instrumental delivery. 
• Nonobstetric elective surgery should be deferred until postpartum period (6 weeks postdelivery) while urgent 

surger es should be performed during the second trimester
• Anesthesia of choice for non-obstetric surgery is regional. 
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Pediatric patients have number of physiologic and 
anatomic differences from adults which not only 
alter the anesthesia techniques but increase the 
anesthetic morbidity and mortality as compared 
to adults. 

PHYSIOLOGICAL/ ANATOMICAL 
CHANGES IN PEDIATRIC POPULATION 
Respiratory System 
Airway (Anatomical Differences) 
As compared to adul ts, child ren (particularly 
infants) have large head size, large tongue, mobile, 
large and leafy epiglottis. The larynx is more 

• Table 29. 1: Respiratory physiologic changes 

Parameter 

Tidal volume 

Frequency 
(respiratory rate) 

Alveolar ventilation 
Oxygen consumption 
Calorie requirement 
Blood Gases 
pH 
pO2 

Neonate 
6-8mL/kg 

35/minute 

120-140 ml/kg/ minute 
6 ml/kg/ minute 
100 kcal/ kg 

7.34- 7.40 
65- 85 mm Hg (at birth) 

Value 

(intrauterine pO2 is 25-40 mm Hg) 
pCO, 30- 36mm Hg 

Pediatric Anesthesia 

anterior and high (at C4 com pared to C6 in adults). 
Subglottis (at the level of cricoid) is the narrowest 
pan. Vocal cords are more diagonal during infancy 
(not horizontal as in adults). 

Physiologic Changes 
See Table 29.1. 

Anesthetic Implications of 
Respira tory Changes 

Due to large head and an teriorly placed larynx, 
intubation i easier in neutral or slightly flexed 
position of head. 

Adult 
6-8 ml/kg 

14-16/minute 

60-70 ml/kg/minute 
3 ml/kg/minute 
30 kcal/kg 

7.36-7.44 
95- 97mmHg 

35-45 mm Hg 

Comments 

Oxygen consumption is twice 
that of adults and calorie 
requirement is three times. 
The tidal volume on body weight 
basis is same so important 
determinant of high alveolar 
ventilation is respiratory rate 

Due to high respiratory rate 

....... 



Large tongue can obscure the view during 
laryngoscopy. 
Due to anatomical configuration of airway 
and large epiglottis intubation is preferred 
with straight blade (Magill ) laryngoscope in 
neonates and infants. 
As subglottis (at the level of cricoid ) is the 
narrowest part of larynx in children up to 
6 years of age and tracheal diameter is narrow 
up to l 0 years, the traditional approach had 
been not to use cuffed tube up to 6 years and 
avoiding cuffed tube up to 10 years. However, 
this approach of not using cuffed tubes in 
children up to IO years does not hold true 
in present day practice. Many studies and 
development of better tube designs [especially 
microcuff tubes which have very soft and 
low lying cuff (placed below the cricoid)] 
has a llowed the use of cuffed tubes even for 
infants. Nonetheless a leak must be maintained 
around the cuff (inflated or not inflated) at a 
pressure of more than 15-20 cm H2OThis will 
not on ly prevent tracheal mucosa! injury but 
also the barotrauma. However, excessive leak 
must not be allowed; excessive leak not only 
causes hypoventila tion but can increase the 
risk of aspiration in high risk cases like full 
stomach child undergoing emergency surgery. 

• Because of high alveolar ventilation induction 
with inhalational agents is faster. 
Due to high oxygen requirement and low 
reserve, children are very prone for developing 
hypoxia. 
The poor control of ventilation makes pediatric 
patients more vulnerable for hypoventilation 
in postoperative period. 

Cardiovascular System 
Blood pressure in neonate is 60/ 40 mm Hg 
(50% of adult value) therefore, cardiac output 
is mainly determined by heart rate which is 
l 20- 140/ minute at birth. Bradycardia is the 
mos/ common adverse cardiac event during 
perioperali11e period in pediatric patients. 
Cardiac arrests are more common in pediatric 
age group as compared to adults. 
Vasocons tric tion response is not so well 
developed therefore, pediatric patients may 
not tolerate shock. 
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Anesthetic Implications 
• Bradycardia is not acceptable at any cost. 

Infants can develop severe hypotension and 
cardiac depression with inhalational agents. 

Body Water 
Extracellular fluid (ECF} constitutes 40% o f 
body weight (in adults ECF constitutes 20% of 
body weight). The high volume of distribution 
can dilute the initial intravenous d rug 
therefore, the initial dose requirement (on per 
kg weight basis) is higher lhan adults. 
Fluid administration is very tricky in children . 
Less intake can make them easily dehydrated 
(because of high metabolic rate) and slightly 
excessive fluid can lead to fluid overload (heart 
is less compliant to tolerate volume loads). 
Therefore, fluid administratio n should be 
strictly on the recommended guidelines (See 
in fluid management section). 

Metabolic 
Due to inadequate glycogen stores and high 
metabolic rate children are comparatively more 
prone to hypoglycemia. 

Thermoregulation 
Children are very prone for hypothermia because 
of their decreased ability to produce and conserve 
heat and increased heat loss due to large body 
surface area. The only mechanism for heat 
production is metabolism of brown fat which is 
special fat present in posterior neck, interscapular 
and vertebral areas and around kidneys and 
adrenal glands. 

To prevent hypothermia the operation theater 
temperature should be maintained at 28°C (usually 
maintained at 21°c for adu lts). 

Blood 
Hemoglobin at birth is 19 g% which falls to 
10 g% at 2-3 months (physiologic anemia of 
infancy) thereafter it steadily increases to adult 
value by 12- 13 years. Neonates have higher 
content of fetal hemoglobin which shifts the 
oxygen dissocia tion curve to left. Prolonged 
coagulation is expected in neonates due to 
vitamin K deficiency. 
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Central Nervous System 
The neonates have immature brain and poorly 
developed blood brain barrier putting them a t 
higher risk of over dosages. 

Neonates have less min imum alveolar con-
centra tion (MAC) as compared to infants. 
Maximum MAC in human beings occu rs in 
infancy peaking at the age of 6 months the reafter, 
decreasing steadily throughout the life (except 
a slight increase at puberty). So, the MAC 
requirement in decreasing order is Infants > 
neonates > adults. 

The concern of apoptosis leading to long- term 
cognitive dysfunction after GA in young children 
has been shown only in animal models. Human 
studies still remains inconclusive. 

Hepatic and Renal 
Underdeveloped hepa tic and renal functions 
may lead to prolonged effect of anesthetic agents. 
Moreover, decreased a lbumin increases the 
unbound fraction of the drugs. 

Neonate is an obligate sodium loser and 
can not conserve sod ium, consequently may 
develop hyponatremia. 

Neuromuscular Junction 
Functional maturation of neuromuscular junction 
is not complete until 2 months of age therefore, 
newborns are very sensitive to nondepolarizing 
muscle relaxants. 

ANESTHETIC MANAGEMENT 
Fasting Recommendations 
Fasting recommendations for children are: - ...,__, 
< 6 months 4 hours 2 hours 

(breast milk) 
6 months- 3 years 6 hours 2 hours 
> 3 years 8 hours 2 hours 

Monitoring 
Besides rout in e mon itoring, temperature 
monitoring is very important in children. 

Fluids 
Considering the complexity of calcula tio n of 
intraoperative fluid by traditional formula of 4-2-1 

(calculate hourly maintenance then multiply by 
fasting hours and then add 3rd space losses) a 
simpler and probably more accurate method is 
to give 20-40 ml / kg oj jluid during intra.operative 
period. Thereafter, in postopera tive period the fluid 
is given by the formula of 2-1-0.5, i.e. 0- 1 0 kg @ 
2 mL/ kg, 10- 20@1 mL/kg and > 20 kg @0.5 mL/ kg. 
lfthe fluid has to be continued after 12 hours (child 
cannot be shifted to oral route) then 5% dextrose 
with 0.45% normal saline should be continued by 
the formula of 4-2-1. 

However, if the clinician decides to give fluid 
by traditional 4-2-1 formula then to prevent fluid 
overload the child shou Id receive only two-thirds of 
the fluid requirement calculated by 4-2-1 formula. 

Choice of Fluid 
As previously thought that children are very prone 
for hypoglycemia it is proven that they are not 
so prone the refore for maj ority of the ch ildren 
ringer lactate may be the only fluid required . 
Nevertheless if there is concern of hypoglycem ia 
then 5% dextrose in 0.45% normal saline should 
be added as piggyback to balance salt solut ion 
and given at maintenance rates. lt must not be 
used as replacement fluid for correcting deficit or 
third-space loss otherwise there can be significant 
hyperglycemia with it consequences. 

Transfusion: Transfusion should be given only 
after exactly calculating the maximum allowable 
blood loss (for details see Chapter 26, page no. 216). 

Choice of Anesthesia 
Al though regiona l nerve blocks a re given 
frequently, often they are given only after giving 
GA. 

General Anesthesia 
Jnduction 
Induction in ch ildren is a difficult task. Most 
commonly used techniques are: 

Inhalational induction: As the children 
will no t allow putting IV lines inhalational 
induction becomes the method of choice in 
majority of children. Due to smooth and rapid 
induction, sevoflurane (7-8%) is considered as 
the inhalational agent of choice however, due 
to high cost, halothane is still very commonly 
used agent for induction in India. /soflurane 



and desflurane have irrita ting induction 
and can produce severe laryngospasm 
therefore, must not be used for induction. If 
there is no IV access and the child develops 
laryngospasm then suxam ethonium can be 
given intramuscular or sublingually. 

A very important precaution is to put an 
intravenous line once the child falls asleep 
before proceeding to deeper plane. 
Intravenous: Intra11enous induction is always 
preferred over inhalational induction. Older 
children may a llow putting intravenous line. 
In smaller children if inhalational induction 
in contraindicated then IV line can be put 
by distracting the attention of child and by 
applying EMLA cream locally. Due to increase 
volume of dis tribution induction dose 
requirement will be higher. 
Intramuscular: Ketamine 5 mg/kg can be given 
IM when the child is in preoperative room with 
parents. 
Rectal: 10% Methohexital and midazolam can 
be used by this route however, not used in 
current day practice. 

Intubation 
As discussed above, intubation should preferably 
be done with neck in neutral position with straight 
blade in neonates and infants and with small 
Macintosh blade in children. Cuffed tubes can be 
used in pediatric age group. 

Circuit: Jackson-Rees for children less than 
6 years (or < 20 kg) and Bains for children more 
than 6 years (o r >20 kg) are the semi-closed 
circuits u sed for children however, preference 
should be pediatric circle system (pediatric closed 
circuit). 

Maintenance 
Recent studies has shown a significant incidence 
of emergence agitation with sevoflurane (20%) 
and halothane (15%) making them unsuitable 
for maintenance. Therefore, anesthesia is best 
maintained with desflurane or isoflurane in case of 
nonavailability of desflurane. 

To conclude-sevojlurane and halothane are 
excellent agents for induction but not suitable for 
maintenance while desflurane and isoflurane 
are not suitable for induction but excellent for 
maintenance. 
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Muscle relaxants 
Atracurium and Cisatracurium are the relaxant of 
choice as they are not dependent on hepatic and 
renal functions. 

Succinylcholine should be avoided in children 
due to presence of extrajunctional receptors and 
possibility of undiagnosed muscula r dystrophy. 
The use of suxame thonium should be reserved 
for rapid sequence induction and for treating 
laryngospasm. Pediatric age group is very vulner-
able for bradycardia afte r suxamethonium 
therefore, atropine must be given before injecting 
suxamethonium. 

Postoperative Pain Management 
In contrary to common misconception that 
children feel less pain, it has been very well 
proven that pain perception in pediatric patients 
is same as adults, rather due to underdevelopment 
of inhibitory control pathways it is more 
during infancy. Therefore, pain management 
considerations are equally important for children. 

Regional nerve block is always a preferred 
option (Ropivacaine due to less toxicity is 
preferred over bupivacaine). If regional anesthesia 
is not possible then opioids can be used however, 
with closed monitoring. Short acting (fentanyl, 
remifentanil) should be preferred over long acting 
(morphine). Paracetamol or ketorolac/diclofenac 
suppositories or IV formulations should be used 
along with opioids to decrease their requirement. 

REGIONAL ANESTHESIA IN 
PEDIATRIC PATIENTS 
Age is no bar for regional anesthesia; any block 
can be given at any age. Regional anesthesia in 
pediatric population is given after GA to decrease 
the anesthetic requirement and achieve post-
op erative analgesia. Most commonly used blocks 
are caudal to be followed by ilioinguina l and 
penile. 

Important differe nces from adults seen in 
pediatric population are: 

Onset of block is faster due to immature 
myelin sheath letting the drug to cross the 
sheath easily. 
Dose of local anesthetic required is less 
because drug can easily diffuse in the nerve 
due to lose sheath. 
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Duration of block is less. 
Children are more vulnerable for toxicity due 
to increased systemic absorption (because 
of increased cardiac output) and decreased 
metabolism (due to underdeveloped hepatic 
functions). 
For differences in spinal anesthesia in pedi-
atric patients see Chapter 17, page no. 173. 

MANAGEMENT OF NEONATAL 
SURGICAL EMERGENCIES 
Diaphragmatic Hernia 
It results from incomplete closure of diaphragm 
leading to herniation of abdominal contents 
in thorax resulting in pulmonary hypoplasia, 
pulmonary hypertension and hypoplasia of left 
ventricle. Prognosis is very poor. 

Anesthetic Management 
After preoxygenation awake intubation is 
done. 
Bag and mask ventilation is contraindicated 
(as it will increase the distension of bowels 
leading to more compression of lung). 
Positive pressure ventilation should be done 
with airway pressure< 20 cm H20 otherwise 
pneumothorax can occur in hypoplastic lung. 
If available then ventilate with high frequency 
oscillatory ventilation. 
Anesthesia is maintained on oxygen and 
low dose volatile anesthetics or opioids like 
fentanyl. Nitrous oxide is contraindicated 
as it can diffuse into gut loop causing their 
distension and further compression of the 
lung. 
Postoperative elective ventilation is often 
required. 

Tracheoesophageal Fistula 
It is of five types, most common is upper end of 
esophagus is blind with fi stula between lower 
esophagus and trachea. 

Anesthetic Management 
Rule out associated abnormalities like ao·ial 
septa! defect (ASD), ventricular septa! defect 
(VSD), terralogy of Failor, coarctation of aona. 
Nurse the baby in propped up position to 
minimize gastric regurgitation. 

Aspirate the upper blind pouch of esophagus 
to remove secretion from it. 
Ven tilation wi th bag and mask is contra-
indicated as air can reach stomach through 
fi stula causing gastric dis tension a nd 
aspiration. 
Intubation can be awake or after intravenous 
anesthetic. The position of tube is most 
important; it should be below the fistula but 
above the carina. 
These patients are very vulnerable for hypoxia 
as there occur significant V I Q mismatch 
in lateral position. 

Pyloric Stenosis (Intestinal Obstruction) 
Due to repeated vomiting the patients 
with pyloric stenosis a re dehydrated with 
hypokalemic, hypoch loremic a lkalos is 
therefore, metabolic, fluid and electrolyte 
correction must be done before taking the 
patient for surgery. 
Either awake intubation or rapid sequence 
intuba tion (crash intubation with Sellick's 
maneuver) is performed. 
Ventilation with bag and mask is contra-
indicated (can cause aspiration). 

Anesthetic Considerations for Prematures 
Avoid elective surgeries rill 50 weeks of 
posrconception. 
If the baby had developed hyaline membrane 
disease then defer elective s urgery for 
6months. 
Premature are very vulnerable for post-
operative apnea. 

Anesthetic Considerations for 
Down Syndrome 

Difficult airway due to short neck, la rge 
tongue, irregular dentition, atlanro-occipital 
instability (avoid unnecessary fl exion and 
extension of neck), small size trachea and 
subglortic stenosis. 
Associated congenital anomal ies like 
congenital heart diseases (mainly endocardial 
cushion defects and VSD), tracheoesophageal 
fistula, mental reta rdation, seizures can 
increase morbidity and mortality. 
These patients may exhibit hypersensitivity to 
muscle relaxants due to hypotonia. 
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KEY POINTS 
• The larynx is more anterior and high and subglonis (at the level of cricoid) is the narrowest part in children. 
• Due to high oxygen requirement and low reserve. ch ldren are very prone for developing hypoxia. 
• Contrary to previous recommendation cuffed tubes can be used in children but should allow a leak at a pressure 

of more than 15-20 cm H,O. 
• Bradycard1a is the most common adverse cardiac event during perioperative period in pediatric patients. 
• The high volume of distribution increases the initial dose requirement in children. 
• MAC requirement in decreasing order is infants> neonates> adults. 
• A simpler and probably more accurate formula than 4-2-1 is to give 20-40 mUkg of fluid during ntraoperative 

period. Thereafter, in postoperative period the fluid is given by the formula of 2-1-0.S. 
• As children are not so prone for hypoglycemia ringer lactate may be the only fluid required. 
• lnhalational induction is the most commonly utilised induction method in pediatric patients however, the 

method of choice for induction is always IV 
• Due to smooth and rapid induction, sevoflurane (7-8%) 1s considered as the 1nhalational agent of choice for 

induction. 
• lsoflurane and desflurane has got irritating induction therefore, must not be used for induction. 
• Sevoflurane and halothane are excellent agents for induction but not suitable for maintenance as they can 

cause postoperative agitation. 
• Atracurium and Cisatracurium are the relaxant of choice as they do not depend on hepatic and renal functions. 
• Succinylcholine should be avoided in children. 
• Pain perception 1n pediatric patients is same as adults. 
• Age is no bar for regional anesthesia; any block can be given at any age. 
• Bag and mask ventilation is contraindicated for diaphragmatic hernia, tracheoesophageal fistula and pyloric 

stenosis. 
• In diaphragmatic hernia positive pressure ventilation should be done with airway pressure < 20 cm Hp. 
• Nitrous oxide is contraindicated in diaphragmatic hernia surgery. 
• The position of endotracheal in tracheoesophageal fistula should be below the fistula but above the carina. 
• Metabolic, fluid and electrolyte correction must be done before taking the patient for pyloric stenosis surgery. 
• Avoid elective surgeries in premature babies till 50 weeks of their postconception age. 
• Airway management may be difficult in children suffering from Down syndrome. 



CHAPTER 30 

PHYSIOLOGICAL CHANGES IN OLD AGE 
Cardiovascular System 
Decreased ventricular compliance leading to 
diastolic dysfunction is the most common finding 
in old age. Hypertension, aortic s tenosis and 
coronary artery disease are the often cause for 
diastolic dysfunction. Systolic func tion usually 
remains preserved. Blood pressure increases with 
age. Decrease heart rate, decreased adrenergic 
response and decreased cardiac reserve increase 
the incidence of cardiac complications. 

Respiratory System 
Decreased elasticity leads to alveolar distension 
and increase in residual volume and functional 
residual capacity. Increase in closing capacity 
increases the V IQ mismatch decreasing the pO2 
Kyphosis and scoliosis can cause difficulty in 
ventilation. Decreased respiratory muscle function 
decreases the cough reflex. 

Central Nervous System 
Loss of neurons decreases the brain reserve 
leading to dementia. There occurs increased 
sensitivity to anesthetic medications. ll1e risk of 
perioperative delirium and postoperative cogni-
tive dysfunction (POCD) is far more common in 
old age people. 

Renal and Hepatic 
There occurs age-related decrease in renal and 
hepatic functions. 

Thermoregulation 
Ge ria tric population is more prone for 
hypothermia. 

Geriatric Anesthesia 

ANESTHETIC MANAGEMENT 
Age is not a contraindication for any surgery. 

Preoperat ive 
Commonly coexisting d iseases of the old age 
like hypertension, ischemic heart disease, 
diabetes mellitus, cerebrovascular diseases, 
ch ronic o bstructive pu lmonary disease 
(COPD), rheumatoid arthritis/ osteoarthritis, 
Parkinson's disease, Alzhein1er, malignancies 
must be ruled out by detailed preoperative 
assessment. 
Medical condition should be stabilized as far 
as possible. 
Many o f the old age people are on poly-
pharmacy. A detailed record of medication 
should be obtained and instructions are given 
accordingly. 
Assessment of cognitive function is must. 
Patients with preoperative dementia have 
higher incidence of postoperative delirium. 
Moreover, it can be used to compare if patient 
develops cognitive fun ction in postoperative 
period. 
Investigations: Age is not a criteria to do battery 
of routine investigations. investigations should 
be guided by associated comorbidity. 

lntraoperative 
Choice of Anesthesia 
Regional anesthesia is preferred over general 
anesthesia due to the following reasons: 

Increased sensi tivity of brain to anesthetic 
agents can prolong the recovery. 
Decreased metabolism and excretion due to 
decreased hepatic and renal function increases 
the chances of drug toxicity. 



Central neuraxial blocks decreases the risk of 
th romboembolism. 

• Pulmonary complications associated with 
general anesthesia (GA) may be avoided. 
The incidence of postoperative delirium is less 
in regional anesthesia as compared to general 
anesthesia. 
However, regional anesthesia, particularly 

central neuraxial blocks may be technically 
difficult due to degenerative changes in spine. Old 
age patients achieve higher level of spinal (and 
epidural) due to narrowing of spaces. Geriatric 
population is more sensitive to the effect of local 
anesthetics during nerve blocks. 

General Anesthesia 
Premedication: As the requirement of benzo-
diazepines may be reduced by 50%, premedication 
with benzodiazepines should be done cautiously. 

Induction: Increase sensitivity of brain, decrease 
volume of distribution, decreased unbound 
fraction of the drug (due to decreased albumin 
levels) and reduced metabolism and clearance not 
only decreases the dose of a ll IV agents but also 
increases the toxicity. Propofol because of shorter 
half-life is preferred. Decreased cardiac output 
may slow the onset with IV agents. 

Intubation: Decrease pseudocholinesterase 
levels due to decrease hepatic functions may 
theoretically prolong the effect of suxamethonium 
however, clinically no prolongation has been 
seen. 

Intubation and mask ventilation may become 
difficult due to edentulous jaw and decreased 
neck movements (due to rheumatoid arthritis and 
osteoarthritis). 

Stress response to cope up with hemodynamic 
changes during surgery and anesthesia decreases. 

Maintenance: The minimum alveolar concen-
tration (MAC) of inhalational agents decreases by 
4-6% per decade. Desjlurane because of its rapid 
emergence and leas t metabolism is the preferred 
inhalational agent for geriatric patients. 
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Doses of opioids should be reduced by half. 
Remifentanil because of its ultra-short life is the 
most preferred opioid. 

Muscle re laxant: Decrease cardiac output can 
delay the onset of muscle re laxants. Hoffma n 
degradation m akes Atracurium and Cis-
atracurium to be the muscle relaxants of choice for 
old age patients. 

Postoperative 
Studies have shown that there occurs age related 
decrease in pain perception and moreover these 
patients are oversensitive to opioids, therefore 
opioids should be used very carefully. 

Postoperative Complications 
Geriatric population is more prone for hypoxia 
and urinary retention in postoperative period. 

Postoperative Delirium 
The overall prevalence of postoperative delirium 
in older patients is estimated to be 10%. This 
incidence of delirium can increase to more than 
50% in patients shifted to ICU. 

Important predisposing factors a re age 
>65 years, male gender, major surgery, general 
anesthesia (compared to regional anesthesia), 
drugs like meperidine (pethidine), preoperative 
cognitive or functional impairment, dementia, 
associated como rbidi ties, p olyp harmacy, 
electrolyte imbalance, pain and sleep deprivation . 

Postoperative Cognitive Dysfunction 
Short-term (up to 3 months) changes in cognitive 
function have been very well-documented in 
10- 15% of geriatric population after surgery. Long-
term (> 3 months) cognitive impairment can also 
occur in 1 % of the patients. 

The incidence of postoperative cognitive 
dysfunction (POCD) is independent of both surgery 
and anesthesia. Studies have shown no difference 
in the incidence or POCD in minor versus major 
surgery and regional versus general anesthesia. 

At present there is no specifi c treatme nt 
available for POCD. 
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KEY POINTS 
• Diastolic dysfunction, the most common cardiac finding in old age, is a significant determinant of morbidity. 
• Chronological age is neither a contraindication for any surgery nor is a criterion to do battery of routine 

investigations. 
• Assessment of cognitive function is must in geriatric patients. 
• Regional anesthesia is preferred over general anesthesia. 
• The requirement of benzodiazepines and opioids may be reduced by 50%. 
• The minimum alveolar concentration (MAC) of inhalational agents decreases by 4-6% per decade. 
• Desflurane because of its rapid emergence and least metabolism is the preferred inhalarional agent for geriatric 

patients. 
• Atracurium and Cis-atracurium are the muscle relaxant of choice for old age patients. 
• The overall prevalence of postoperative delirium in older patients is estimated to be 10%. 
• Short-term changes in cognitive function have been very well-documented in 10-15% of geriatric population 

after surgery. 
• The incidence of POCD is independent of both surgery and anesthesia. 



CHAPTER 31 
Anesthesia for Obese Patients 

(Bariatric Anesthesia) 

Obese patients may come to the operation theater 
for bariatric or nonbariatric su rgery. As there 
has been a consistent rise in obesity, there is the 
parallel rise in bariatric surgeries. 

Obese patients are one of the most challenging 
patients for anesrhesiologist especially due to 
their associated comorbidities and difficult airway 
management 

Obesity is defined as body mass index (BMI) 
more than 30% and extreme/superobese as BMI 
more than 50%. 

PREOPERATIVE ASSESSMENT 
Preoperative assessment should be done in detail 
because of the associated comorbidities: 
l. Cardiovascular considerations: Obese patients 

may have: 
i. Hypertension. 

ii. Coronary artery disease. 
iii. Left ventricular hypertrophy: Increase in 

cardiac output by 0.1 L/min to perfuse 
each kg of fa t leads to increased stroke 
volume a nd he nce left ventricula r 
hypertrophy. 

iv. Right venlricular hypertrophy resulting 
from pulmonary hypertension which in 
tum is because of persistent hypoxia. 

v. Co r pulmonale beca use of ri ght 
ventricular strain. 

2. Respiratory considerations: Obese patients 
may have: 

i. Reduced expiratory reserve volume 
(ERV), functional residual capacity (FRC) 
and vital capacity. 

ii. Increased airway resistance. 
iii. Reduced oxygen satura t ion because 

of obesity and obstructive sleep apnea 

hypopnea syndrome (OSAHS). Patients 
with OSAHS are at increased risk of 
morbidity and mortality. 

3. Gastrointestinal (GI) system considerations: 
Obese patients may have associated hiarus 
hernia, gastroesophageal reflex delayed 
gastric emptying and fatty infiltration of liver 
(may compromise liver functions). 

4. Blood: There may be polycythemia because of 
chronic hypoxia. 

5. Obese patients are very prone for thrombo-
embolism in postoperative period. 

6. Evaluation of airways: Obese patients often 
have difficult airway due to: 

i. Short neck (decreased thyromental 
distance). 

ii. Restrictedmouthopeningduetoincreased 
adipose tissue in neck and decreased 
mobility of temporomandibular joint. 

iii. Restricted neck movement because of 
decreased mobility of atlanto-occipital 
joint. 

Investigations: Obesity per se is not the criteria to 
order a battery of routine tests, therefore investi-
gation should be based on clinical assessment 
and associated comorbidities however, baseline 
oxygen saturation must be checked by pulse 
oximetry (if abnormal, then arterial blood gases 
should be done). Polysomnography should be 
strongly considered in morbidly obese patients 
or in patients with a history of obstructive sleep 
apnea. 

Premedication: Premedication with respira tory 
depressant drugs like benzodiazepines should be 
avoided while premedication with metoclopra-
mide and ranitidine should be considered. 
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INTRAOPERATIVE 
Monitoring 
Appropriate size BP cuff should be chosen. 

Choice of Anesthesia 
Due to difficult airway management, anesthesia 
of choice is regional anesthesia but unfortunately 
regional anesthesia is often difficult in 
obese patients. Due to reduced epidural and 
subarachnoid space obese patients are more 
vulnerable for high spinals. 

General Anesthesia 
Preoxygenation: Adding 10 cm H2Oof continuous 
positive airway pressure (CPAP) during 
preoxygenation has found to be beneficial in 
maintaining oxygenation in the perioperative 
period. 

Induction: Lipid soluble drugs (IV induction 
agents, opioids) have increased volume of 
distribution, therefore given on actual body weight 
basis. Interestingly, this effect is not so marked on 
propofol as on thiopentone. 

Achieving rv lines sometimes can become an 
arduous task. 

Airway management: Airway management is 
the most challenging part in obese patients. The 
incidence of failed intubation is 3 times more in 
bariatric population, therefore be prepared for 
difficult airway management. (For details see 
Chapter 5, page no. 54) 

As the Ramped position (Fig. 3 1.1) pro11ides 
a superior view of laryngoscopy it is preferred 
position for intubation for obese patients. As the 
name suggests a ramp is created by commercially 
available device or by using sheets and blankets to
elevate the upper back of the patient to the level 
when external auditory meat us lie in horizontal line 
with the sternal notch (that is why ramp position is 
also called as an ear to sternum position). 

If intubation is anticipated to be difficult awake 
intubation with fiberoptic bronchoscopy should 
be considered. 

Confirmation of intubation must be done by 
capnography as breath sounds may not be clearly 
audible on auscultation. 

Fig. 31 .1: Ramp position 

Maintenance 
Inhalational agents are more extensively 
metabolized in obese patients therefore, the 
agenc with least metabolism, i.e. Desflurane
is the inhalational agent of choice. Increased 
metabolism of halothane makes obese 
pa tients more vulnerable fo r halothane 
hepatitis. 
Water soluble drugs (nondepolarizing muscle 
relaxants) have limited volume of distribution 
therefore should be given on ideal body weight 
basis. 
Application of 10 cm H2Oof positive end expi-
ratory pressure (PEEP) during mechanical 
ventilation improves oxygenation by pre-
venting alveolar collapse. 
30' reverse Trendelenburg improves oxygena-
tion particularly during laparoscopic surgeries. 

POSTOPERATIVE 
Obese patients are very prone to hypoxia 
in postoperative period. Therefore, they 
should be nursed in 45° sitting (semi-reclined 
po ition) with supplemental oxygen. CPAP 
(contin uous positive a irway pressure) or 
BiPAP (bi level positive airway pressure) 
should be applied if the patient is not main-
taining oxygen saturation on supplemental 
oxygen. 
Every precaution must be taken to prevent 
thromboembolism. 
Good antibiotic cover is must as these patients 
are prone for wound infection. 
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KEY POINTS 
• To perfuse extra fat obese patients are in high cardiac output state. 
• Obese patients may have extra parenchymal restrictive pattern in their pulmonary functions. 
• Polysomnography should be strongly considered in morbidly obese patients or in patients with a history of 

obstructive sleep apnea 
• Due to difficult airway management, anesthesia of choice s regional anesthesia. 
• Airway management is the most challenging pan in obese patients. 
• As the ramped position provides a superior view of laryngoscopy it is preferred position for intubation for obese 

patients. 
• Lipid soluble drugs (IV induction agents, op101ds) have increased volume of distribution, therefore given on 

actual body weight basis. Water soluble drugs (nondepolarizing muscle relaxants) have limited volume of 
d stribut1on, therefore should be given on ideal body weight basis. 

• Desflurane is the inhalational agent of choice for maintenance in obese patients. 
• Obese patients are very prone to hypoxia in post- operative period. 
• Application of CPAP and PEEP improves oxygenation 1n obese patients. 



CHAPTER 32 
Anesthesia for Laparoscopy 

Laparoscopic surgeries have been on rise over a 
decade due to shorter hospital stay, avoidance of 
big surgical incision , less tissue trauma and less 
postoperative pain. 

GASES FOR CREATING 
PNEUMOPERITONIUM 
Carbon dioxide is most frequently used gas fo r 
laparoscopy because it is more soluble in blood 
leading to its rapid elim ination from the body in 
cases of pneumothorax and accidental injection 
into vascular compartment. Other gases, which 
can used are air, helium, oxygen, nitrous oxide 
and a rgon. Since argon is an inert gas with no 
side effects it is considered as most ideal gas for 
laparoscopy, however because of its very high cost 
it is not used. 

PATHOPHYSIOLOGICAL EFFECTS OF 
LAPA ROSCO PY 
Respiratory System 
Increase intra-abdominal pressure due to 
pneumoperi tonium pushes the diaphragm 
upwards, leading to basal atelectasis producing 
ventilation perfu sion (V/Q) mismatch and 
decrease in runctional residual capacity (FRC). 
Thoracopulmonary compliance may be decreased 
by up to 50% during pneumoperitoneum. 

Cardiovascular System 
Decreased cardiac output: Increase intra-
abdominal pressure compresses the inferior 
vena cava leading 10 decreased venous return 
and cardiac output. Intra-abdominal pressure 

of 12-14 mm Hg can decrease the card iac 
output by 30-35%. 
Increased peripheral vascular resistance 
(PVR): Increase in PVR occurs because of 
high pCO2 and more importantly, because of 
increased catecholamines, vasopressin and 
prostaglandins. 
Cardiac arrhythmias: CO2 by producing 
coronary vasoconstric tion may produce 
any arrhythmia however, bradyarrhythmias 
occurring because of stretching of the 
peritoneum are more frequent. 

Central Nervous System 
CO2 by producing cerebral vasodilatation can 
increase the intracranial tension. 

Gastrointestinal System 
increased risk of aspiration: Increased In tra-
abdominal pressure distorts the gastroesophageal 
junction making patient more vulnerable for 
aspiration. 

COMPLICATIONS OF LAPAROSCOPY 
Although laparoscopic surgeries have many 
advan tages over open surgeries however, 
laparoscopic surgeries subjects the patients to 
certain complications attributed to laparoscopy. 
l . Pneumothorax (Capnothorax): Carbon dioxide 

from peritoneal cavity can d iffuse in to the 
pleural cavity th rough embryonic remnants 
present between pleural and peritoneal cavity 
which gets open by increased intra-abdominal 
pressure or through pleural tears during 
surgery. 



Diagnosis 
i. Increased airway resis tance on mechani-

cal ventilation. 
ii. Decreased oxygen saturation (SpO2). 

iii. Decreased air entry on auscultation. 
iv. X-ray chest. 
v. Abnormal movement of diaphragm as 

observed by surgeon. 
vi. Associated subcutaneous emphysema of 

neck and chest. 
Management 

i. Immediately stop nitrous oxide: Nitrous 
oxide can expand the pneumothorax 

ii. Start 100% oxygen. 
iii. Adjust ventilator setting: Add positive-

end expiratory pressure (PEEP) ro correct 
hypoxia. 

iv. Reduce intra-abdominal pressure as 
much as possible. 

v. Chest tube drainage should be reserved 
only for the cases not responding to con-
servative measures or the Pneumothorax 
is life-threatening otherwise, usua lly 
capnothorax resolves by itself in 30-60 
minutes (because of h igh diffusibilty of 
CO2). 

2. Pneumomediastinum, pneumopericardium 
and subcutaneous emphysema: The CO2 can 
enter mectiastin um and pericardium through 
esophageal, vena caval or aortic hiatus. Gas 
from rnediastinum may diffuse cephalad to 
produce subcutaneous emphysema of face 
and neck. 

Management includes maintenance of 
vitals till CO2 is absorbed from mediastinum or 
pericarctial cavity. 

3. CO2 embolism: Gas embolism can be a fa tal 
complication of laparoscopy; it carries a 
mortality of 30%. CO2 embolism occurs 
because of accidental placement of a needle 
into the vessel during insufflation. Large 
volume of gas can cause 'gas lock' in the 
inferior vana cava leading to cardiovascular 
collapse. 
Diagnosis 

i. Most sensitive test to diagnose CO2 
embolism is transesophageal echocardio-
graphy. 

ii. Doppler. 
iii. Increased pulmonary artery pressure. 
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iv. Capnography: In CO2 embolism, there is 
bipha.sic response, i.e. initial rise in end 
tidal CO2 (due to direct injection of CO2 in 
vessels) fo llowed by fall. 

v. Clinical signs like tachycardia, h ypo-
tension, right heart strain on ECG and 
Mill wheel murmur. 

vi. Aspiration of gas or foamy blood from 
central catheter is diagnostic. 

vii. Aspiration of blood from Veress needle 
(used for CO2 in su fflation) as needle is 
p laced directly into vessel. 

viii. Absence of abdominal distension in spite 
of CO2 insuftlation. 

Management 
Preventive: 

i. The surgeon must ascertain the position 
ofVeress needle before CO2 insuftlation. 

ii. Rate of insuftlarion should not be more 
than l L/min. 

Curative: 
i. Immediately stop further insuftlation. 

ii. Start hyperventilation with 100% oxygen. 
iii. Aspirate gas through cen tra l venous 

pressure (CVP) or pulmonary catheter. 
iv. If possible p lace the patient in Durrant 

position (left lateral with Trendelenburg) 
so that gas get remains in right ventricle 
and can be aspirated. 

v. Manage any co-existing arrhythmia. 
vi. I Iyperbaric oxygen therapy if there is 

cerebral embolism. 
vii. For massive embolism cardiopulmonary 

bypass may be required. 
4. Complications related to patient's position: 

Majori ty of the laparoscopic procedures are 
performed in either Trendelenburg or anti-
Trendelenburg position. 

5. Abdominal organs trauma and hemorrhage: 
Abdominal organs, especially intestines and 
stomach may be perforated by the needle or 
trocar. Moreover, bleeding and visceral trauma 
may go undetected. 

6. Consequences of increase pC02: Increase in 
pCO2 during laparoscopy can occur due to 
absorption from the peritoneal cavity and 
V/ Q mismatch. Increase is pCO2 is well-
tolerated by young individuals, bu t can 
produce arrhythmias and ischemia in cardiac 
patients. 
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7. Consequences of increased intra-abdominal 
pressure (!AP}: Intra-abdominal pressure of> 
20 mm Hg can decrease the cardiac output by 
more than two-thirds producing even cardiac 
arrest. 
Intra-abdominal pressure of > 20 mm Hg can 
s ignificantly impair renal, mesenteric a nd 
intestinal blood flow. Therefore, it is highly 
recommended chat intra-abdominal pressure 
should be kept between 12- 14 mm Hg. 

8. Nausea and vomiting: Nausea and vomiting is 
the most commonpostoperative complication 
of laparoscopic surgeries; incidence can be as 
high as 40-75%. 

9. Shoulder pain: Sub-d ia phragm atic CO 2 

irritating diaphragm causing shoulder pain in 
postoperative period is commonly complained 
by many patients. 

ANESTHETIC MANAGEMENT 
Laparoscopy can be performed u nde r local , 
regional a nd general anesthesia. 

Local Anesthesia 
La paroscopic surgeries of very short duration 
(<15 minutes) can only be con sidered unde r 
local an esthesia. Laparoscop ic tubal ligation is 
the most common surgery performed u nder local 
anesthesia. 

Regional Anesthesia 
Patient discomfort (sh oulder pain due to 
diaphragmatic irritation by CO2) limits the use 
of central neuraxial blocks (sp inal/ epidural) for 
laparoscopy. 

General Anesthesia 
General anesthesia with endotra.cheal 
intubation and mild hyperventilation is most 
commonly used technique fo r mos/ of the 
laparoscopic surgeries. Gen eral a nesthesia 
with second generation laryngeal mask airway 
(I-gel, proseal) can be considered if there is no 
risk of aspiration. 

KEY POINTS 

ETCO2 should be maintained at 35 mm Hg. 
lnha lational agents which depress cardiac 
function (like halothane) should be avoided. 
Propofol because of its antiemetic properties 
is the induction agent of choice. 

CONTRAINDICATIONS FOR 
LAPAROSCOPY 

Absolute 
l. Increased intracranial tension: CO2 can further 

increase the intracranial tension. 
2. Congestive heart failure. 
3. Severe hypovolemia and hypocension. 
4. Right-to-left cardiac shunts or patent foramen 

ovale (risk of paradoxical embolism). 
5. Generalized abdominal peritonitis. 
6. Retinal detachment. 

Relative 
Venlriculoperitoneal (VP} or peritoneojugular (PJ} 
shunt: lnsufflation in peritoneu m can displace the 
shunt. 

Contraindicat ions of the Past 
l. Coronary insufficiencies: A patient with the 

controlJed ischemic heart disease can be safely 
considered for Laparoscopic surgeries however, 
with enha nced perioperative cardiovascula r 
monitoring. 

2. Pregnancy: Although pneumoperitoneum may 
cause transient fetal acidosis, clinical studies 
suggest that additional risks to be very low for 
both mother and fetus. therefore laparoscopy 
is consideredsafe during pregnancy. 

3. Obesity: Laparoscopy once used to be con-
sidered as contra indication in obese patients 
has now become the preferred method over 
open surgeries. 

4. Respiratory compromised: Respiratory com-
plications a fter laparoscop ic su rgery are 
significantly lower than open surgery. 

• Carbon dioxide is the most frequently used gas for laparoscopy because it is more soluble. 
• Argon is considered as most ideal gas for laparoscopy. 

Contd ... 
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Contd ... 

• Intra-abdominal pressure of 12-14 mm Hg can decrease the cardiac output by 30-35%. 
• Capnothorax usually resolves by itself 1n 30-60 minutes; chest tube drainage should be reserved only for the 

cases not responding to conservative measures or which are I fe threatening. 
• CO embolism can be fatal complication of laparoscopy ,t carries a mortality of 30%. 
• In CO2 embolism, there is a biphasic response on capnography. 
• Intra-abdominal pressure of> 20 mm I lg can significantly impair renal, mesenteric and intestinal blood flow. 

Therefore, intra-abdominal pressure should be kept between 12 and 14 mm Hg. 
• Nausea and vomiting is the most common postoperative complication of laparoscopic surgeries; incidence 

can be as high as 40-75%. 
• General anesthesia with endotracheal intubation and mild hyperventilation is the most commonly used 

technique for most of the laparoscop1c surgeries. 
• A patient with the controlled ischemic heart disease can be safely considered for laparoscopic surgeries. 
• Laparoscopy is considered safe during pregnancy. 
• Laparoscopy once used to be considered as contraindication in obese patients has now become the preferred 

method over open surgeries. 



CHAPTER 33 
Anesthesia for Ophthalmic Surgery 

PREOPERATIVE EVALUATION 
The patients usually posted for ocular 
surgeries are either pediatric or geriatric. 
Therefore, proper preoperative evaluation 
should be done in geriatric population to rule 
out coexisting medical diseases. 
History of ophthalmic med ications must be 
recorded. Topical eye medications can have 
systemic effects. For example, echothiophate 
by inhibiting pseudocholinesterase can pro-
long the effect of suxamethonium, phenyleph-
rine can cause hypertension, timololcan can 
cause bradycardia and bronchospasm and 
acetazolamide can cause hypokalemia. 
Cataract surgery can be performed safely in 
patients receiving warfarin. For other ocular 
surgeries warfarin should be stopped 4 days 
before. 

INTRAOPERATIVE 
Maintenance of intraocular pressure (JOP ): One 
of the most important goal during eye surgery 
is to reduce or at least maintain the intraocular 
pressure with in normal range of 10-20 mm Hg. 
The factors which increase the IOP like hyper-
tension, increased central venous pressure 
(coughing, straining), hypercapnia, hypoxia, 
anesthetic agents (ketamine, suxamethonium) 
and light anesthesia must be avoided. 
Prevention of oculoca.rdiac reflex: It is 
triggered by pressure on globe or by traction 
on extraocular muscle (especially the medial 
rectus during squint surgery. The afferents are 
carried by trigeminal and efferent by vagus. 

It is manifested as bradycardia, a trioventri-
cular (AV) block or even asystole. Treatment 
includes immediate cessation of manipulation 
and intravenous (IV) atropine if not reversed 
by cessation of manipulation. Pretreatment 
with atropine may be ind icated in patients 
with a history of conduction blocks and 
B-blocker therapy. 

ANESTHESIA 
Most of the ocular surgeries are performed 
under regional anesthesia. (topical, peribulbar, 
retrobulbar and sub-tenon blocks). Eye blocks 
are mos t often given by ophtha lmologist 
themselves. 

Peribulbar Block 
Peribulbar block has now almost completely 
replaced retrobulbar block because of its less 
serious complications and avoidance of separa te 
facial block to provide ocular akinesia. 

Technique 
Ask the patient to look straight ahead (neutral 
gaze). A dull short beveled needle is entered 
through the inferior fornix of conjunctiva at the 
junction of lateral l /3rd and medial 2/3rd and 
6- 10 mL of drug is injected. The needle is never 
inserted beyond 25 mm because large vessels 
and optic nerve are encountered with deeper 
penetration. Orbital compression with I (anon ball 
or compression balloon (30- 40 mm Hg) facilitates 
the block and decreases the IOP. 



Advantages 
Serious complications seen with retrobulbar 
block like globe puncture, injury to optic artery 
or nerve are less with peribulbar block. 
Facial nerve need not be blocked separately. 
Less painful. 

Oisadvan tages 
Slower onset. 
More chances of ecchymosis. 

Retrobulbar Block 
In retrobulbar block, the local anesthetic is 
injected at orbital apex, i.e. behind the eye into 
muscle cone. 

Complications 
Oculocardiac reflex. 
Rerrobulbar hemorrhage. 
Puncture of globe which can lead to retinal 
detachment. 
Optic nerve injury. 
lntraocular injection. 
Brain stem anesthesia [drug traveling along 
optic nerve sheath can enter central nervous 
system (CNS)]. 
Retinal artery occlusion and blindness. 
Death. 

Sub-tenon (Episcleral) Block 
In sub-tenon block, the drug is injected beneath 
the Tenons's fascia. Complications are reported 
to be less than retrobulbar and peribulbar 
block. 

Topical Anesthesia 
The majority of the cataract surgeries (phaco-
emul sification) is possible under topical 
anaesthesia of the eye. 

Local Anesthetics used for Blocks 
A solution consisting of: 

2% xylocaine for rapid onset. 
0.5% bupivacaine for prolonged effect. 
l in 200000 adrenaline for vasoconstriction. 
Hyaluronidase for better spread. 
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GENERAL ANESTHESIA 
Usual indications for general anesthesia are-
pediatric patients, uncooperative patients not 
allowing regional anesthesia, retinal de tachment 
surgeries and keratoplasties. 

Premedication 
Although benzodiazepines reduce the intraocular 
pressure, however they should be used cautiously 
in old age patients. 

Induction 
All IV agents, except ketamine reduces the 
IOP. Propofol is most often used for induction. 
Ketamine increases the IOP, therefore should 
be avoided in ocular surgeries. 
Intubation and laryngoscopy can increase the 
IOP, therefore the response should be blunted 
by IV lignocaine and fentanyl. 

Maintenance 
All newer inhalational agents reduce the !OP 
therefore can be safely used for maintenance. 
Nitrous oxide should be avoided in retinal 
detachment surgery if air, sulfur hexafluoride or 
perjluoropropane bubble is used for correction. 
Nitrous oxide can expand the bubble size 
and thus can raise the IOP significantly. As 
the bubble can persist for many days, nitrous 
oxide should not be used for 5 days after air, 
10 days after sulfur hexafluoride and 30 days 
after perfluoropropane. 

Muscle Relaxants 
Succinylcholine increases the IOP, however the rise 
is transient (5-10 minutes), therefore if the patient 
is not fasting and risk of pulmonary aspiration is 
high, it is safer to use succinylcholine. 

Non-depolarizing agents decrease the IOP. 

Reversal 
• Anticholinergics (atropine/ Glycopyrrolate) 

when given IV or IM does not raise IOP 
significantly, therefore can be used safely with 
an ti ch oli n esterases. 
Recovery should be very smooth. Coughing 
and straining d uring extubation ca n be 
disastrous. 
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Position of patient: Head up by 10- 15° decreases 
the IOP by reducing the venous pressure. 

KEY POINTS 
• Topical eye medications can have systemic effects. 

Postoperative: T he incidence of po topera tive 
nausea and vomiting is very high after strabismus 
surgery. 

• One of the most important goals during eye surgery is to reduce or at least maintain the intraocular pressure 
within normal range. 

• Traction on extraocular muscle (especially the medial rectus) can precipitate oculocardiac reflex. 
• Most of the ocular surgeries are performed under regiona anesthesia. 
• Peribulbar block has now almost completely replaced retrobulbar block. 
• All IV agents (except ketamine) and inhalational agents reduce the IOP. 
• Nitrous oxide should be avoided in retinal detachment surgery if air, sulfur hexafluoride or perfluoropropane 

bubble is used for correction. 
• Succinylcholine increases the IOP, howeverthe rise is transient (S 10 minutes), therefore if the risk of pulmonary 

aspiration is high, it is safer to use succinylcholine. 



CHAPTER 34 
Anesthesia for ENT Surgery 

ENT an esthesia is one of the most di fficult 
anesthesia because quite often airway is d ifficult, 
surgeon and anesthetist share the common field 
and complications are related to airway. 

PANENDOSCOPY (PREVIOUSLY CALLED 
AS MICROLARYNGEAL SURGERIES) 
As panendoscopy involves laryngoscopy, bron-
choscopy, and esophagoscopy it is also called 
as triple endoscopy. It may be a diagnostic or 
therapeutic. The common procedures are laryngeal 
biopsies and removal of vocal cord polyp. 

Anesthesia poses specific problems due to the 
following reasons: 

Due to the growth, the glottic opening may 
be reduced and sometimes to an extent that 
even insertion of the small s ize tube becomes 
impossible. 
Anesthetist and surgeon share the common 
field. 
Laryngeal manipulation causes sympathetic 
stimulation. Incidence of myocardial ischemia 
and arrhythmias is significant (2-4%). 
La ryngeal s timulation ca n induce laryn go-
spasm. 
Chances of blood aspiration are very high. 
There may be additional complications related 
to laser. 

Anesthesia for Panendoscopy 
During preoperative evaluation, assessment of 
airway by preoperative endoscopy or indirect
laryngoscopy is must. 
Preoxygenation is very important. 
In travenous (IV) lignocaine, IV fe n tanyl 
and topical anesthesia of the larynx are very 
important to prevent laryngeal reflexes. 

Ventilation Techniques 
The existing pa thology and requirement of the 
working space for surgeons leaves the minimal 
space for ventilation. 
1. Microlaryngeal surgery (MLS) tubes: M LS 

rubes are pediatric size tubes with cuff. They 
are available in 5, 5.5 and 6 mm size. In the 
majority (>95%) of the patients it is possible 
to get the surgery done with MLS tube. The 
d isadvantage is that high ventilatory pressures 
are required to overcome the narrow size of 
tube. 

2. J-Jigh frequency positive pressure ventilation 
(J-JFPP V): In th is technique small tida l 
volumes are delivered at high frequency (60-
100 breaths/min) at a high pressure (60 psi) 
through a s tiff 3.5-4.0 mm catheter passed 
through the vocal cord. 

3. Jet ventilation: The tip of the je t is kept within 
the laryngoscope to avoid direct barotrauma 
to the trachea and gas is delivered at high 
pressure (50-60 psi). 

4. lnsufflation: Ach ieved by placing a catheter 
and gases flow at h igh pressure. 

5. Apnea technique: In this technique intubation 
is done and after adequate ventilation tube 
is removed for sh ort period (1-2 minuted or 
till oxygen saturation starts falling). In this 
period surgeon pe rforms the procedure. Tf 
the procedure is not completed in this period, 
the patient is again intubated (or ventilated 
through the bag and mask) and the tube 
removed and so on. 

Maintenance 
Anesthesia is maintained with inhalational 
agen t and repeated doses o f succinylcho line 
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fo r small p rocedu res or nondepolarizing agent 
for prolonged su rgery. Nitrous oxide should be 
avoided because it can increase the postsurgical 
edema by causing expansion of the cuff of 
endotracheal tube. Administra tion of Heliox is 
strongly considered in patients with stridor. 

Concerns Related to Laser 
Many of the panendoscopy surgeries uses 
laser. The most important complication of laser 
surgery is fires, therefore the most important a im 
should be co prevent fire by taking the following 
prophylaxis: 

i. Use low Fi0 2 ( <30%) 
ii. Avoid O (N20 can support fire) 

iii. Use special kind of laser resistant en do tracheal 
tube 

iv. Fill the tube cuff with saline (instead of air) 
In case d1ere occurs fire, the following protocol 

shou ld be followed: 
i. Immediately remove rube and submerge in 

water 
ii. Immediately stop oxygen (and n itrous oxide) 

and start ventilation of the patient with air by 
mask 

iii. Flush pharynx with 50-60 mL of cold saline 
iv. Do bronchoscopy to assess the damage and 

accordingly ventilate the patient with mask, 
laryngeal mask airway or by reintubation. 
Tracheostomy may be required if damage is 
severe enough not to allow intubation. 

v. Steroids, antibiotics. 

ANESTHESIA FOR BRONCHOSCOPY 
Flexible bronchoscopy, usually done for 
diagnostic biopsies, can be performed under 
topical anesthesia. 
Rigid bronchoscopy, usually done for foreign 
body removal is performed under general 
anesd1esia. Ventilation is achieved with

i. High frequency jet ventilation through the 
oxygen port provided in bronchoscope. 

ii. Insufflation. 
iii. Apnea technique. 

ANESTHESIA FOR 
ADENOTONSILLECTOMY/ 
TONSILLECTOMY 

Majority of the patients are pediatric. 

If the re are no adenoids nasal intubation can 
be done, however due to increased chances of 
bleed ing nasal intubation should preferably 
be avoided. Oral Ring-Adair-Elwyn (RAE) 
preformed tubes are most frequently used. 
Throat should be packed to prevent aspiration. 
In postoperative period to preven t aspiration 
and laryngospasm (by the blood tricking down 
the throat these patients are nursed in tonsillar 
position, i.e. on one side (preferably left lateral) 
with head low. 
Sometimes post-tonsillectomy bleeding may 
require re-exploration of wound to control 
bleeding. Such patient should be resuscitated 
to stabilize hemodynamically and should be 
managed like full stomach patient considering 
that patient has swallowed enough blood 
which can cause significant aspiration. 

ANESTHESIA FOR PERITONSILLAR 
ABSCESS AND LUDWIG ANGINA 
General anesthesia (GA) sho uld be avoided 
as intubation at times may be impossible due 
to trismus and patient can aspirate the pus. 
Therefore, the abscesses should be drained under 
local anesthesia. If GA is required than awake nasal 
intubation with fibreoptic bronchoscopy should 
be achieved before induction of anesthe ia. 

ANESTHESIA FOR EAR SURGERY 
Nitrous oxide is 35 times mo re soluble than 
nitrogen. If the Eustachian tube is blocked, ni trous 
oxide can increase the middle ear pressure to 375 
mm H2O wid1in half an hour. Therefore, nitrous 
oxide should not be used in patients with blocked 
Eustachian tubes ( upper respiratory tract infection, 
adenoids, sinusitis and otitis media). 

Increase middle ear pressure by nitrous oxide 
can displace the graft making nitrous oxide to be 
contraindicated for Tympanoplasties. However, 
if the surgeon is using "inlay graft" then increase 
in middle ear pressure is beneficial in holding the 
graft. 

The incidence of postoperative nausea and 
vomiting is very high in ear surgeries; therefore 
prophylaxis with antiemetics is must. 

ANESTHESIA FOR NASAL SURGERY 
Most commonly performed nasal surgeries are 
correction of deviated septum, rh inoplasties, 



removal of nasal polyp or endoscopic sinus 
surgeries. 
• In the preoperative evaluation always rule out 

the Samter triad {nasal polyps, asthma, and 
sensitivity to aspirin/NSAIDs). 
Throat pack is must to prevent aspiration of 
blood. 
The patients must be counseled and trained 
in the preoperative period to take breathing 
from mouth otherwise they can become very 
restless in the postoperative period after nasal 
packing. 

ANESTHESIA FOR PAROTID SURGERY 
Continuous monitoring of facia l nerve func-
tion may deter the anesthetis t to use muscle 
relaxants. 

KEY POINTS 
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ANESTHESIA FOR OBSTRUCTIVE 
SLEEP APNEA SURGERY 
All concerns related to obese patients (for details 
see Chapter 31, page no. 245) especially difficult 
airway management makes obstructio n sleep 
apnea (OSA) surgeries (uvulopalatoplasties) to be 
very challenging to anesthetist. 

ANESTHESIA FOR 
TEMPOROMANDIBULAR JOINT (TMJ) 
SURGERIES 
Due to the limited mouth opening intubation 
mandates awake nasal intubation. 

• In preoperative evaluation of patients posted for panendoscopy, assessment of airway by preoperative 
endoscopy or indirect laryngoscopy is must. 

• In the majority (>95%) of the patients it is possible to get the panendoscopy surgery done with MLS tube. 
• Nitrous oxide should be avoided in laryngeal surgeries because it can increase the post-surgical edema by 

causing expansion of the cuff of the endotracheal tube. 
• The most important complication of laser surgery is fires. 
• Laser resistant endotracheal tubes are not 100% protective against laser fires. 
• Tonsillar patients should be nursed in tonsillar position in the postoperative period to prevent aspiration and 

laryngospasm. 
• Post tonsillectomy bleeding re-exploration patients should be managed like full stomach patient. 
• Nitrous oxide should not be used in patients with blocked Eustachian tubes and tympanoplasties. 



CHAPTER 35 
Anesthesia for Trauma and Burns 

ANESTHESIA FOR TRAUMA 
Management of trauma patients poses unique 
challenges due to the following reasons: 

Inadequate medical history: Attendant may not 
be present and patient may not be fit enough 
to give his/her medical history. 

• Most often patients undergoing emergency 
surgery are not fasting. 
Patients may be intoxicated. 
Multiple injuries, especially Jung, cardiac, 
brain, pelvic and abdominal injuries can 
make anesthesia complex and increases the 
morbidity and mortality. 
Airway may be very difficulc due to facial and 
neck injuries. 
Presence of shock can significantly alter the 
outcome. 
Sometimes emergency may be so acu te 
that there is not enough time to prepare the 
operation theater. 

Preoperative Period 
Unlike other patients the preoperative period of 
trauma patients is often turbulent. The involvement 
of anesthetist may begin from emergency room as 
a part of resuscitation team. 

If there is need, then airway must be secured 
and patient resuscitated before shifting to 
operation theater (OT). It is not uncommon 
to see intubated patients coming to OT. 
Although a systolic blood pressure of at least 
80-90 mm Hg is recommended before induction, 
however sometimes the situation like damage 
control surgery (surgery is the only method to 
stop bleeding) warrants the induction at very 

low or even nonrecordable blood pressure. 
The prognosis of such pa tients is very bleak. 

• It is very important to rule out major injuries 
especially: 

Chest injury like pneumo/ hemothorax or 
lung contusion. 
Head injury- presence of head injury 
can alter the anesthesia technique. For 
example, central neuraxial blocks may be 
absolutely contraindicated with elevated 
intracranial tension (ICT) 
Spine injuries: Improper movements 
can produce devastating complications, 
including quadriplegia, paraplegia or 
even death. 

- Abd ominal, pelvic injuries and major 
bone fractures, can produce massive 
hemorrhage 

• As airway may be compromised deta iled 
assessment of airway is must. 
Try to obtain medical history as maximum as 
possible. 

• Obtain adequate blood and blood products. 
Correct acute traumatic coagulopathy (for 
details see Chapter 40, page no. 286) 

• If fasting status cannot be obtained, pre-
medicate the patient with metoclopramide 
and ranitidine/sodium citrate. 

lntraoperative Period 
Secure IV lines with large bore cannulas. If 
peripheral access is not possible, then obtain 
central access (most often subclavian) or 
intraosseous access (if central access is also 
not possible). 



Monitoring: Altho ugh it may be difficult to 
cannulate artery in low output state but still 
every effort should be made to measure 
continuous blood pressure by invasive 
monitoring. As trauma patients are very prone 
for hypothermia, temperature monitoring 
becomes must. 

Choice of Anesthesia 
Except for limb saving surgeries which may be 
performed in regional anesthesia, majority of the 
trauma surgeries are done in general anesthesia. 

General anesthesia: A trauma patient should 
always be considered full stomach until proved 
otherwise and should be managed like rapid 
sequence induction. 

Induction: Selection of the induction agent is 
difficult in trauma patients. IV induction agents 
may produce profound hypotension (or even 
cardiac arrest) in shock patients. Requirement 
of doses is drastically reduced in hypotensive 
patients. 

Etomidate (because of its cardi ovascular 
stability) and ketamine (because of its sympathetic 
system stimulating property) are the agents often 
selected for induction. However, e tomida te and 
ketamine can produce hypotension in shock 
patients who are already catecholamine depleted; 
etornidate by causing adrenocortical suppression 
and ketarnine by causing direct myoca rdial 
depression in the absence of catecholamine. 

lntubation 
All trauma patients should be assumed to 
be having cervical spine injury until proved 
otherwise and, therefore if cervical spine injury 
is not cleared they should be intubated with 
in-line manual stabilization. Similarly nasal 
route should not be acquired for intubation 
until basal skull fracture is ruled out. 
All equipment for difficult airway (including 
emergency cricothyrotomy) must be ready 
hand available because intubating a patient 
with race and neck trauma can become a big 
challenge. Mask ventilation in facial fractures 
at times becomes impossible. 

Patients with maxillary fractures should 
not be intubated nasally; however most 
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often can be easily intubated through oral 
route. 
Patients wi th mandibular fractu re are 
often intubated nasally due to two 
reasons. Firstly, the presence of trismus 
prevents oral intubati on (however 
trismus can be relieved with anesthesia 
and muscle relaxants) secondly, most 
often maxillofacial surgeons do the 
dental wiring to close the mouth after 
mandibular surgery
Patients with both mandibular and maxil-
lary fracture may require tracheostomy. 
Intubation in pharyngeal and laryngeal 
trauma can worsen the injury or even 
lead to complete loss of the airway; 
the endotracheal tube can slip in to the 
mediastinum through the defect. A low 
tracheostomy is the best solution in 
most of the cases. Application of cricoid 
pressure is a lso contraindicated in 
laryngeal trauma. 
intubation guided by fiberoptic broncho-
scopy appears to be a very promising 
method in patients with face and 
neck trauma, however becomes very 
difficult due to distorted anatomy and 
presence of blood and secretions in the 
airway. 

Chest tube must be inserted before intubation 
if there is pneumothorax because positive 
pressure vent ilat ion can convert a small 
pneumothorax into tension pneumothorax. 

Maintenance: Like IV agents patients in shock 
may exhibit extreme sensitivity to inhalational 
agents. Desjlurane is often the most preferred 
inhalational agent because of irs ability ro 
maintain blood pressure by causing sympathetic 
stimulation and least metabolism. 

Muscle relaxants: In spite of succinylcholine 
caus ing hyperkalemia in crush injury and 
increasing intraocular and intracranial pressu re, 
it remains the muscle relaxant of choice for 
intubation in trauma patients with difficult airway 
and high risk of aspiration. The consequences 
of fail ed intubation and aspiration can be 
devastating. 
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Atracurium and Cis-atracurium are preferred 
non depolarizers because of their independency 
on hepatic and renal functions. 

As trauma patients are very prone for hypo-
thermia OT temperature should be main-
tained and fluids/ blood should be warmed to 
room temperature before infusion. 
Patients with spine injuries should be shifted 
with utmost care. 

Postoperative Period 
Extubation in trauma patients is a tricky exercise. 
Deep extubation can cause aspiration while 
extubation under light anesthesia can increase 
intraocular, intracranial pressure and res tart the 
hemorrhage by increasing blood pressure. 

It is not uncommon to see trauma patients 
gelling electively ventilated in postoperative 
period. 

ANESTHESIA FOR BURNS 
Emergency Management of Burn Patient 
• Burn patientmaypresentwith acule respiratory 

obstruction due to smoke inhalation in whom 
gen tle intubation with expert hand should 
be tried to prevent further exaggeration of 
edema. If edema is severe tracheostomy may 
be required. 
Carbon m on oxide poisoning is the most 
common immediate cause of death if burns 
occur in closed space. Therefore, immediate 
treatment with oxygen or hyperbar ic oxygen 
(in severe cases) may be required. 
Hypovolemia is another important cause of 
death. Fluid should be given by the standard 
Parkland formula which recommends fluid 
replacement at a rate of 4 mL/ kg/% burn. (50% 
of this fluid is given in fi rst 8 hours and next 
50% in next 16 hours). However srudies have 
shown fluid overload by this method therefore 
current recommendation is to s ta rt fluid
by Parkland formula but im mediately start 
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tapering once urine output becomes >0.5- 1 
m L/kg/hr. Ringer lactate is the fluid of choice. 
Colloids if necessary can be given in acute 
phase (contrary to previous recommendation 
of not giving colloid for first 48 hours). 
Patients with electrical burns can present with 
cardiac arrhythmias or even cardiac arrest. 

Anesthetic Management 
Usual surgeries done in burn patients a re release 
of post-burn contracrures and split skin grafts. 

Venous access may be very difficult and may 
require central line. 
lntraoperative monitoring of ECG is mandatory 
in electric burns as there are high chances of 
arrhythmias. 

Choice of Anesthesia 
Lower limb surgeries can be performed under 
central neuraxial blocks. Patients with electrical 
burn can have neurological injuries. They should 
be evaluated for neuro logical de ficits before giving 
regional anesthesia. 

General anesthesia 
Induction
Dose of intravenous induction agent may be 
slightly higher because of the large volume of 
d ist ribut ion (hyperdynamic circu lation) and 
increased metabolism. Increased prote in loss 
can lead to an increased unbound fract ion of 
benzodiazepines and thiopentone. 

Intubation: Airway may be difficult due to 
contracture of face and neck. Awake intubation 
under fiberoptic bronchoscopy may be required. 
If that is not possible then contracture is released 
under intravenous ketamine and then intubation 
is done. 

Muscle relaxants: Presence of extrajunc tional 
receptors contraindicates the use of succinylcholine 
for one year and decreases the sensitivity (increase 
dose requirement) of nondepolarizers. 

• Management of trauma patients poses unique challenges due to difficulty in obtaining a medical history, 
inadequate fasting, intoxication, mult,ple injuriesand shock. 

• Systolic blood pressure of at least 80 90 mm Hg is recommended before induction. 
Contd. .. 
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Contd ... 

• Invasive blood pressure and temperature monitoring is highly recommended for trauma patients. 
• Requirement of IV Induction doses is drastically reduced 1n hypotensive patients. 
• Etomidate and ketamine are the agents often selected for induction. 
• All trauma patients should be assumed co be having cerv1ca spine injury and basal skull fracture until proved 

otherwise. 
• Patients with maxillary fractures can be easily intubated through oral route; patients with mandibular fracture 

are often intubated nasally. Patients with both mandibular and maxillary fracture may require tracheostomy. 
• Desflurane is often the most preferred :nhalac1onal agent 1n trauma pat,ents. 
• Succinylcholine remains the muscle relaxant of choice for intubation if there is risk of aspiration or difficult 

airway while atracurium and Cis atracurium are preferred non depolarizers n trauma. 
• Airway may be difficult in burn patients due to contracture of face and neck. 
• In burns succinylcholine is contraindicated for one year while dose of nondepotarizers 1s increased. 



CHAPTER 36 
Anesthesia for Orthopedics 

Orthopedic anesthesia poses special problems 
due to le ngthy procedures, increase blood 
loss, posi tioning, tourniquet-related problems, 
com plications like fat embolism and deep 
vein thrombosis, increased age and associated 
diseases like rheumatoid arthritis and ankylosing 
spondylitis. 

COMPLICATIONS OF ORTHOPEDIC 
SURGERY 
Excessive Hemorrhage 
Tn o rthopedic procedures not done under 
tourniquet, there may be excessive blood loss. 

Tourniquet-related Problems 
Tourniquet is used to decrease the intraopera-
tive bleeding. Complications associated with 
tourniquet are: 

During inflation: Hypertension, increased cardiac 
output and increased pulmonary artery pressure. 
This is due to increased blood volume associated 
with exsanguination. 

During tourniquet: 
i. Metabolic changes: Local tissue ischemia 

lead s to acidos is (m itochondrial pO2 

becomes zero within 6 minutes of tourniquet 
inflation). 

ii. Pain is due to cellular acidosis, therefore may 
not be relieved by intravenous analgesics. It is 
relieved only by deflation. 

During deflation: 
i. Hypotension because of sudden release of 

accumulated metabolites like thromboxane 
and substance P. 

ii. Hypothermia due to heat loss as acid meta-
bolites are vasodilators. 

iii. Transient metabolic acidosis. 
iv. Increase in end tidal CO2 (which is accumu-

lated in limb). 
v. Transient decrease in central venous oxygen 

tension (because of acidosis). 
Deflation is the most crucial period. Cardiac 

arrest may occur a t the time of deflation due to 
hypotension and release of acid metabolites. 

Post-tourniquet: Neuropraxia may occur if 
tourniquet pressure is high or time is prolonged. 
Pressure in tourniquet should not exceed more 
than 2 hours for both upper and Lower limbs. If 
re-inflation is needed, then it should be should be 
deflated for at least 30 minutes before re-inflating. 
Pressure in tourniquet should not exceed more 
than 100 mm Hg above systolic (maximum- 250 
mm Hg). 

Fat Embolism Syndrome 
Usually seen after fracture oflong bones and pelvis. 
Incidence of significant embolism afte r long bone 
and pelvic fractures may be as high as 15%. Fat 
embolism classically presents within 24-72 hours 
of fracture. Due to rimming the incidence of fat 
embolism syndrome (FES), is higher in nailing as 
compared to plating. 

Pathophysiology 
Fat emboli released from long bone causes 
endothelial injury in the lungs and brain, which 
can precipitate acute respiratory distress syndrome 
(ARDS) and cerebral edema respectively. In some 
cases fat emboli may cause renal failure. 



Signs and Symptoms 
Dyspnea, chest discomfort, tachycardia, hypo-
tension, mental clouding, restlessness, seizures, 
delirium, petechial hemorrhage on upper chest, 
axilla and conjunctiva, hypoxia and finally coma 
and death. the triad of fat embolism syndrome is 
dyspnea, confusion and petechial hemorrhages. 
Petechial rash is pathognomonic of FES

Investigations 
The fat globules in urine are h elpful in 
diagnosis, but may not necessarily indicace the 
progression to fat embolism syndrome. 
X-ray chest shows diffuse interstitial infiltrates. 

• ECG shows the right ventricular strain. 
Capnography shows fall in end tidal CO2 
(ETCO2 may become zero if embolus is large 
enough to block the main pulmonary artery). 
Coagulation abnorm alities like increased 
clotting time and decreased platelets. 
Serum lipase is increased (but has no relation 
to the severity of disease). 

Treatment 
Stabilization of fracture: Early s tabilization of 
fracture may prevent fat embolism. 

Treatment includes: 
i. Oxygen therapy 

ii. If hypoxia persists on oxygen therapy consider 
intermittent positive pressure ventilation 
(IPPV) with positive end expiratory pressure 
(PEEP). 

iii. Reduction in raised i ntracranial tension 
(if there are CNS symptoms). 

iv. Corticosteroids, heparin (which stimulates 
c irculating lipase that breaks neutral fat), 
ethanol (act as a lipase inhibitor in sup-
press ing rise in fatty acids) and hypertonic 
saline (acts as alternative metabolic fuel 
thereby blocking mobilization of fatty acid) 
are now considered as outdated treatment 
modalities. 

Cement Implantation Syndrome 
Cement implantation syndrome (CIS) occurs 
more commonly in total h ip replacement where 
cemented prosthesis is used. There occurs 
hypoxia, profound hypotension or even cardiac 
arrest. Ir may occu r because of embolization of 

CHAPTER 36: Anesthesia for Orthopedics • 

bone marrow debris, microemboli or fat due to 
increased intramedullary pressure created by 
cement or due to reaction to cement (methyl 
methacrylate ). 

The treatment includes Oxygenation, adequate 
hydration and adrenaline for severe reactions. 

Deep Vein Thrombosis and 
Pulmonary Embolism 
The incidence of deep vein thrombosis (DVT) and 
pulmonary embolism (PE) is highest in orthopedic 
patients particularly after hip surgery due to 
prolonged immobilization. 1he incidence of fatal 
PE after hip surgery can be as high as 1-3%. Many 
centers start low molecular weight heparin before 
12 hours or more in preoperative period and 
restart 12 hours after surgery. For diagnosis and 
treatment of pulmonary embolism see Chapter 14, 
page no. 139. 

Complications of Different Positions 
Spine surgeries are done in the prone position 
while majority of hip surgeries in lateral position 
(for complications of different positions see Chapter 
14, page no. 146). There have been case reports of 
stroke or even brain death in shoulder surgeries 
done in beach chair position due to ischemia. 
Th erefore, inv~sive blood pressure is highly 
recommended for shoulder surgeries done in the 
beach chair position with transducer zeroed at 
the level of external auditory meatus to denote 
cerebral perfusion pressure. 

CHOICE OF ANESTHESIA 
Most of the orthopedic surgeries are performed 
under regional anesthesia. Regional anesthesia 
is always preferred over general anesthesia due to 
decrease incidence of lhromboembolism, decrease 
blood loss, respiratory complications and better 
control of pain. 

Upper limb surgeries can be performed under 
brachia! plexus block. Small procedures lasting 
less than 30- 45 minutes can be performed under 
Bier's b lock. Lower limb surgeries are performed 
under spinal / epidural or combined spinal 
epidural (most preferred technique). 

General anesthesia is required either for very 
prolonged surgeries of upper limb, shoulder or 
spine surgeries or when regional is not possible. 
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Pa in management: Posto perative pain manage-
m ent is one of th e standards to define the q uality 
o f care in orthop ed ics. Other than continuou s 
epid u ra l vario us n erve blocks like continuous 
adductor canal block for knee replacement, fascia 
iliaca / femoral ne r ve b lock for hip surgeries, 
bra chia! plexus block fo r u p per limb surgeries are 
frequently utilized for postopera tive analgesia. 

ANESTHESIA FOR SPINE SURGERY 
Spine su rgery is p e rformed u nder genera l 
a n esth esia in p ro n e p o s itio n . Th e refo re, 
complications related to prone posit ion like 
endotracheal tube dislodgement, a irway ede m a, 
in jury to brachial plexus and peroneal ne rve, 
injury to ge nitalia and breast, ocu la r injury (post-
operative vision loss), hypotension do occur. 
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Monitoring 
Othe r tha n routine monito ring, monitor ing of 
sp inal cord function is requi red for major spine 
surgeries like scoliosis. Wake up test done in the 
past is not perform ed in current day practice. The 
function of the spinal cord is m onitored by evoked 
responses like soma tosensory evoked poten tial 
(SSEP) , motor evoke d p o tentia l ( MEP) a n d 
e lectromyogram (EMG). 

As inha la tio nal agen ts can depress these 
evoked respo n ses the ir co n centratio n should 
be kep t at half min imum alveolar co ncen tra tion 
(MAC). IV age n ts p reserve evoked responses 
except a litt le inhib itio n see n with Prop ofol. 
Muscle relaxants can not be used d uring MEP 
monitoring. 

• Cardiac arrest can occur at the time of tourniquet deflation. 
• Pressure in tourniquet should not exceed more than 100 mmHg above systolic pressure and duration should 

not exceed more than 2 hours for both upper and lower limbs. 
• The triad of fat embolism syndrome is dyspnea, confusion and petechial hemorrhages. Petechial rash is 

pathognomonic of FES. 
• Cement implantation syndrome may be characterized by hypoxia, profound hypotension or even card,ac 

arrest. 
• The incidence of fatal PE after hip surgery can be as high as 1 3%. 
• There have been case reports of stroke or even brain death in shoulder surgeries done in the beach chair 

position. 
• Regional anesthesia is always preferred over general anesthesia due to less ·ncidence of thromboembolism, 

less blood loss. fewer respiratory complications and better control of pain 
• The function of the spinal cord is monitored by evoked responses like somatosensory evoked potential (SSEP), 

motor evoked potential (MEP) and electromyogram (EMG). 
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Anesthesia at Remote Locations 

ANESTHESIA AT LOW BAROMETRIC 
PRESSURE (HIGH ALTITUDE) 
The patients at high altitudes (low barometric 
pressure) have chronic hypoxia which can lead 
to polycythemia, pulmonary h yp e rte nsion , 
decreased pC02 (due to hyperventilation) and 
lower bicarbonate concentration (as a compensa-
tory mechanism to low pC02) . 

General Anesthesia 
Potency of anesthetic gases is proportional 
to their partial pressure. The refore, at high 
altitudes where the barometric p ressure 
is decreased, the potency a lso decreases. 
The potency of ni trous oxide is reduced to 
50% at a ltitudes >3,300 meters. Therefore, 
it is recommended that nitrous oxide 
should not be used at altitudes more than 
2,000 meters. 

• Density of gases decreases at high altitudes, 
therefore, rotameter under reads lhe actual 
flow rate and this error may be up to 4 titers/ 
minute. 
At altered barometric pressure, all vaporizers 
(except desflurane) deliver fixed p arti al 
pressure of vapor. Therefore, vaporizer settings 
need not be changed at low or high barometric 
pressure except for desflurane, which needs a n 
upward adjustment at high altitude. 
Venturi type devices deliver higher oxygen 
(because of decreased density and resistance). 
Blood loss during surgery is more due to high 
venous pressure and blood volume. 
In the postoperative period, chances of 
hypoxemia a re high due to low ambient partial 
pressure of oxygen. 

Regional Anesthesia 
The incidence of posrspinal headache is high due 
to increased CSF pressure. 

ANESTHESIA AT HIGH PRESSURE 
(IN HYPERBARIC CHAMBER) 
General Anesthesia 

Tissues can become supersaturated wi t h 
nitrous oxid e causing significant diffusion 
hypoxia. The effect of supersaturation is more 
evident in helium atmosphere, th erefore 
nitrous oxide should not be used in helium 
atmosphere. 
Rotameter will falsely give high values due to 
increased gas density. 
Endotrach eal tube cuff should be filled with 
water or saline. 
The vaporizer output becomes less. 

• Regional anesthesia is safe. 

ANESTHESIA OUTSIDE 
OPERATING THEATER 
Nonoperating room anesthesia means a ll pro-
cedures done outside the operation theater. For 
example, anesthesia services utilized in radiology 
(MRI, CT scan), gastroscopy suites, intervention 
cardiology and neurology, etc. Anesthesia outsid e 
Operation Theater possesses following challenges 
to an anesthetist: 

Procedure rooms are often small and crowded 
making placeme nt of an esthesia machine, 
drug tro lley, e me rgency cart and pa tient 
access difficult. 
Nonavaila bility of adequate equipment, 
monitors, technical support and help in case 
of emergency. 
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Many times, like MRI suites, an esthetis t stands 
far away from the patient. 
Unlike surgeons, many or the m edical proce-
duralists do not unde rs tand the intricacies 
and importance of anesthesia. Any demand by 
anesthetist is often considered as obstructive 
by medical specialist. Majority of the patients 
undergoing medical procedures are even 
s icker than s urgical patients. In spite of tha t, 
they are seldom evalua ted a nd m edically 
optimized in preoperative period. 
Risk of exposure to radiation. 
Contrast-r e la ted anaphylaxis can occur in 
radiology procedures. 
Majority of the times, cases come a s unbooked 
and so, disturbing the schedule. 
Patients may not be adequately fasting. 

• In spite of the high risk and adverse working 
circumstances, anesthe tists are almost always 
undercompensaced financially as co mpared to 
surgical cases. 

Fasting 
Inadequate sedation leading co conve rs ion to 
general anesthesia is very common, therefore, 
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full fasting recommendation, i.e. 6 hours for light 
food, 8 hours for a full meal, and 2 hours for water 
is mandatory. 

Monitoring 
Other tha n pulse ox imetery, ECG and 
BP, capnography (nasal capnography for 
spontaneously breathing pa tients) is highly 
desirable; capnography can pick up life-
threatening complications very early. 

Anesthesia 
• Most often either sedation with midazolam 

or tota l intraveno us anes thesia (TIVA) with 
Propofol + Remifentanil (in India fentanyl, due 
to nonavailability of remifentanil) is utilized 
for no noperating room procedures. 
For MRI suites, everything including a nes-
thesia machine, monitors, oxygen cyli nders 
must be MRI compatible, i. e. nonferrous. The 
equipments used in MRI suites are made up of 
aluminum. 

• At high altitude, rotameter under reads the actual flow rate. 
• Vaporizer settings need not be changed at low or high barometric pressure, except for desflurane. 
• The incidence of postspinal headache is high at high altitude. 
• Nitrous oxide should not be used 1n helium atmosphere. 
• Small and crowded space, nonavailability of adequate equ'pment. monitors, technical support and help in 

case of emergency, inadequate preoperative evaluation of patients and inadequate knowledge of anesthesia 
intricacies by medical proceduralists make nonoperating room anesthesia very challenging and least preferred 
by majority of anesthetists. 

• Full fasting recommendations are required for non-operating room anesthesia. 
• Capnography is highly desirable for nonoperat1ng room anesthesia. 
• Most often, either sedation with midazolam or total intravenous anesthesia (TIVA) with Propofol + Remifentanil 

is utilized for nonoperat1ng room procedures. 
• For MRI suites, anesthesia machine, monitors and oxygen cylinders should be made up of aluminum. 
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Anesthesia for Day-care Surgery 

(Outpatient/ Ambulatory Surgery) 

In day-care surgeries/ procedures the patient is 
admitted, procedure done and is discharged on 
the same calendar day. If the patient stays for one 
night, it is called as "short-stay surgery/ procedure''. 
Over the years, there has been tremendous 
increase in day-care surgeries/procedures due to 
the following reasons: 

Decreased hospitalization and hence the cost. 
Early ambulation {that's why called as ambula-
tory anesthesia) decreases the complications 
like pulmonary embolism. 
Less incidence of hospital-acquired infections. 

• Hospital beds can be utilized for other needy 
patients. 

SELECTION OF SURGERY/ PROCEDURES 
AND PATIENTS 

Surgeries associated with major hemodynamic 
alterations, postoperative complications, 
requiring prolonged immobilization and 
parenteral/ epidural analgesics, are not 
considered for day-care surgeries. Duration of 
surgery is no longer a parameter to exclusion. 
Although the American Society of Anesthesio-
logists ' grading is not an absolute para-
meter, however, usually ASA grade I, II and III 
(with their disease well controlled) patients 
a re considered for day-care procedures. 
Obesity (not even the morbid obesity with 
obstructive sleep apnea) is a barrier to day-
care procedures. 
Age is no bar for day-care surgery; even a 
n ewborn or 100-year-old pa tient can be 
considered. The only exclusion is prematures 
up to 50th postconceplion week because 

prematures are at high risk of apnea up to 50th 
postconception week. 
Patients not accompanied by responsible 
attendant can not be considered for day-care 
surgery. 

PREOPERATIVE ASSESSMENT 
AND PREMEDICATION 
Prior assessment of a patient for day-care surgery 
should be done to avoid on-the-spot cancellation, 
which is very uncomfortable to the patient. 

Investigations: As for other patients, there are no 
routine investigations for day-care patients too; 
investigations should be guided by the existing 
comorbidity and the nature of surgery. 

Premedication: Like indoor patients, the most 
important goal for premedication for day-care 
patients is to relieve the anxiety. As Benzo-
diazepines can delay the recovery, the preferred 
method of relieving anxiety should be non-
pharmacological (taking to the patient in detail 
to clear his/ her doubts). If deemed necessary, 
then only benzodiazepines should be used. 
Because of the shorte r half-life, midazolam is the 
benzodiazepine of choice for day-care patients. 
Patients who are at high risk o f aspiration 
should be given prophylaxis with ranitidine and 
metoclopramide. 

Premedication with oral NSA!Ds has been 
found to be very useful in reducing the requirement 
of opioid analgesics. 

Nil orally guidelines are same, i.e. 6 hours for 
light meal, 8 hours for full meal and 2 hours for 
clear fluids (wate r). 
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ANESTHESIA FOR DAY-CARE 
PATIENTS 
Monitoring 
Other than routine monitoring, bispectral index 
(BIS) monitor to measure the depth of anesthesia 
is suggested for day-care surgery, however, still 
considered optional because of its high cost 
and insignificant difference in awake time in 
patients whom BIS was used vs. in whom BIS was 
not used. 

GENERAL ANESTHESIA 
To avoid the complications o f intubation 
(especially postoperative sore throat), general 
anesthesia (GA) with laryngeal mask airway 
(LMA) is always preferred over intubation. It is now 
considered safe to do even laparoscopic surgeries 
in LMA in patients who are adequately fasting and 
do not have a risk factor for aspiration. 

Induction: Propofol is the agent of choice for 
induction because ofits rapid, smooth recovery and 
antiemetic property. Propofol autoco-induction, 
the technique in w hich 30 mg of propofol is 
given as an initial dose, has been found to reduce 
the requ irement of propofol, hastening the 
recovery. 

Maintenance: Due to lowest blood gas coefficient, 
Desflurane has earliest induction and recovery, 
therefore, is the inha/ational agent of choice for 
day-care patients. In case of nonavailability of 
desflurane, sevoflurane serves as an excellent 
alternative. 

Use of nitrous oxide decreases the require-
ment of other anesthetic agents hence fastening 
the recovery (nitrous oxide itself is eliminated from 
body in 3-5 minutes). 

Intravenous analgesics: Nonopioids like NSAIDs, 
can be used safely. Opioids should be avoided 
if possible. Remifentanil because of its u ltra-
short half-life (10 minutes), is the most preferred 
opioid. 

Muscle re laxants: Short duration of action (10 
minutes) makes mivacurium as preferred muscle 
relaxant for day-care surgery. Succinylcholine, 
in spite of having short duration, is usually not 
preferred due to high incidence of postoperative 
myalgia. 

TOTAL INTRAVENOUS ANESTHESIA 
This is the technique where on ly intravenous 
anesthetics are used (no inhalational, no muscle 
relaxant). The combination of choice for total 
intravenous anesthesia (TIVA) is Propofol + 
Remifentanil. 

REGIONAL ANESTHESIA 
Regional nerve blocks are s imple and safe 
techniques for day-care surgery. In current-day 
practice, spinal anesthesia is frequently used for 
day-care patients, however, with small gauge 
pencil tip-needles and short/ intermediate-
acti ng agents like prilocaine or chloroprocaine. 
Lignocaine in spite of intermediate duration is 
nor preferred due to the possibility of transient 
neurologic symptoms (T S). If a long-acting agent 
like bupivacaine has to be used, then the spinal 
should be "selective spinal anesthesia (SSA)" 
which enta ils giving minimal doses Lo block only 
the required segments. Epidural is hardly used for 
day-care patients. 

MONITORED ANESTHESIA CARE 
Many times, the services of anesthetist are utilized 
for moni toring with or without sedation while 
surgery/ procedure is performed under local 
anesthesia. Most preferred drug for sedation is 
midazolam. Sometimes, propofol may be required 
in low (sedative) doses. 

POSTOPERATIVE PERIOD 
The common problems seen in postoperative 
period are pain (most common), nausea and 
vomiting (2nd most common), sedation, myalgia, 
weakness and bleeding. 

Discharge 
The decision for discharge should be with common 
consensus between the surgeon and anesthetist. 
The aim should be fast-track discharge, which 
means shifting the patient directly from operation 
theater to phase II (step down) postanesthesia 
care unit (PACU). This will decrease the cost and 
facilitate early discharge. 

The incidence of unexpected admission 
(unable to discharge) varies from 1% ro 6%. The 
two most common causes of unexpected admission 
are uncontrolled pain and nausea and vomiting. 
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Criteria for home readiness are: 
i. Vital signs are stable for more than 60 minutes. 

ii. There is no nausea (or minimal nausea) for at 
least 30 minutes. 

iii. Patient should be well oriented in time, place 
and person. 

iv. Able to walk without dizziness. 
v. Should be pain-free (or minimal pain) on oral 

analgesics. 
vi. There should not be any active bleeding. 
vii. Must be accompanied by a responsible 

attendant. 
viii. Should be able to stay in the vicini ty of the 

hospital for first 24 hrs. 
• Able to accept liquids orally witho ut 

vomiting is not a mandatory criterion 
in current-day praclice. Simila rly, able 
to pass urine is also not considered as 
mandatory criteri a even after spinal, 
except for high-risk patients like urology/ 
urogynecology, inguinal or perianal 
s urgery, age >70, history of urinary 
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dysfunction or dose of bupivacaine used 
for spinal is > 7 mg. 
Patients with obstructive sleep apnea 
should be monito red for more than 
3 hours and more than 7 hours, if there is 
even a single episode of desaturation on 
room air. 

Postoperative Instructions for 
Day-care Patients 
The patients should be instructed not to do impor-
tant and skillful work like driving, operating a 
machine for at least 24 hours. Patients coming 
from outstation should be advised to stay for one 
day near the hospital so that if any problem arises, 
they can be brought back to the hospital. 

Although > 50% of the patients complains of 
little drowsiness after d ischarge, the incidence 
of re-admission (or emergency visit) is 2- 3%. 
Most often the re-admission is due to surgical 
complications, such as surgical site infection. 

• Duration of surgery, the American Society of Anesthesiologist (ASA) grading and age (except prematures) are 
not considered as absoulte parameters to deny a surgery on day-care basis. 

• Midazolam is the benzodiazepine of choice for day-care patients. 
• Nil orally guidelines for day-care patients are same as for ndoor patients. 
• GA with laryngeal mask airway (LMA) is always preferred over intubation. 
• For day-care patients, propofol is the most preferred agent for 111duction, desflurane for maintenance and 

mivacurium for muscle relaxation. 
• The combination of choice for TIVA 1s Propofol + Remifentan1 
• Spinal anesthesia is frequently used for day-care patients, however, with small gauge pencil tip needles and 

short/intermediate acting agents. 
• The aim of discharge should be fast-crack discharge. 
• The two most common causes of unexpected admission are uncontro,led pain and nausea and vom,t,ng. 
• Able to accept liquids and pass urine is not considered as mandatory criteria for discharging a patient after day 

care surgery. 
• Most often the re-admission is due to surgical complications such as surgical site infection. 
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Pain has been designated as the fifth vital sign. 

ASSESSMENT OF PAIN 
Pain is a subjective feeling; there may be up 
to 10-fold variation in pain perception among 
individuals. Various scales and questionnaires are 
available to assess the pain. The most commonly 
used scales are: 

Visual analog scale: It is a horizontal line 
divided into 10 equal points (0- 10). At one 
end, (0 end), the label is no pain while at the 
othe r end (10 end) the label is worst pain 
imaginable. The parient is asked to mark the 
point where the pain lies. 
McGill pain questionnaire (MPQ): It contains 
20 sets of descriptive words. It not only 
determines pain intensiry but also effective 
and cognitive components of pain. 
Pediatric scales such as smiley scale with 
diffe rent faces (at one end the crying face and 
other end the most smiling face); the child has 
to choose the face as per his/her pain. 
For younger ch ildren (usually less than 3-4 
years), who even cannot identify the faces, 
pain has to be assessed objectively. The most 
commonly used scale to objectively assess the 
pain in these children is Children's Hospital 
of Eastern On tario Pain Scale (CHEOPS). It 
includes cry, facial expression, verbal response, 
torso (body position), touch (touching wound) 
and Legs position. 
Pain management may be acute pain manage-

ment or chronic pain management. 

ACUTE PAIN MANAGEMENT 
Acute pain management is usually synonym 
with postoperative management; however, acu te 

Pain Management 

pain management is sometimes u til ized for 
trauma patients too. Inadequate pain control in 
postoperative period can elicit the stress responses 
which can manifest as immunosuppression, poor 
wound healing, increased myocardial oxygen 
demand, decreased gastrointestinal motility and 
chronic postsurgical pain. 

METHOD OF RELIEF 
Postoperative pain management should have 
multimodal approach, which means combination 
of d ifferent modalities to control postoperative 
pain. 
• Nonsteroidal anti-inflammatory drugs 

(NSAIDs): Whatever the method of analgesia 
used, NSAIDs or cyclo-oxygenase-2 (COX-2) 
inhibi tors should a lways be th e part of 
multimod al analgesia because of their anti-
inflammatory property. 1l1ey can reduce the 
dose requirement of opioids by almost one 
third. 
Acetaminophen (paracetamol): Acetamino-
phen along with the NSA1Ds or regional 
nerve blocks may omit the need for opioids. It 
may serve as an alternative to NSAIDs in the 
patients where NSAIDs are contraindicated. 
Opioids: Opioids still remain the mainstay 
of treatment for postoperalive analgesia. 
Although opioids can be given by almost a ll 
rou tes, however, epidural route is the most 
preferred route for postoperalive a11algesia. 
Bupivacaine (0.125-0.25%) or ropivacaine 
(0.2%) with/ without fen tanyl is the most 
frequently used combination fo r contro lling 
postoperative pain. 

In case of non-feasibiliry of epidural, IV 
route is most often util ized for postoperative 
analgesia. Excellent patient satisfaction seen 



with patient-controlled analgesia (PCA) has 
made it a method of choice for postoperative 
analgesia if opioids have to be given by 
parenteral route. PCA is an automatic system 
which is connected to an IV line. As the name 
suggests, the patient himself/herself presses 
a button which delivers a prefixed amount of 
opioid (usually morphine). A lockout interval 
(during which drug will not be delivered) is set 
to avoid over dosage. 

The rationale for the success of PCA is that 
pain is best controlled when the analgesic is 
delivered either before or just at the beginning 
of pain. The delays in the delivery of analgesics 
by nurses leading to escalation of pain (making 
analgesic to become less effective) can be 
avoided with PCA devices. 
Regional nerve blocks: Regional nerve 
blocks with local anesthetics as a single shot 
or continuous infusion provide excellent 
postoperative analgesia. In fact, the nerve 
block given before skin incision (called as 
pre-emptive analgesia) nor only decreases the 
stress response and requirement of anesthetics 
(if surgery is done in general anesthesia) but 
also decreases (or abolishes) the require-
ment of opioids (and he nce their side 
effects) and incidence of acute pain getting 
converted into chronic pain. Commonly used 
nerve blocks for achieving postoperative 
analgesia are: 

Thoracic paravertebral block: Thoracic 
paraverteb ral block is used to provide 
analgesia for thoracic, breast and upper 
abdominal surgeries. 
Transversus abdominis plane (TAP) block: 
TAP block is very effective to produce 
analgesia for abdominal surgeries such 
as cesarean section, hernia repair, etc. 
TAP block is given in the fascial sheath 
deep to the internal oblique muscle and 
superficial to the transversus abdominis 
muscle. 
Lumbar plexus block (also k/a psoas 
compartment block) is given to provide 
analgesia for hip and knee surgery. 
Femoral nerve block and fascia iliaca 
(modified femoral) block: These blocks are 
utilized for hip fractures and hip surgeries. 
Brachia/ plexus blocks: Brachia! p lexus 
blocks are utilized to provide analgesia 
for upper limb surgeries. 
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Other techniques: Other techniques which are 
occasionally utilized to achieve postoperative 
analgesia, are: 

Transcutaneous electrical nerve stimula-
tion (TENS) 
Acupuncture 
Cryoanalgesia: It is produced by cryo-
probes which use compressed carbon 
dioxide (CO2) or nitrous oxide (N20). 
They cool the peripheral nerves to -5 to 
-20°C to produce analgesia. 
Ketamine infusion in analgesic doses. 

CHRONIC PAIN MANAGEMENT 
Incidence of chronic pain can be as high as 
25-30%. Chronic pain has most tangled and 
complicated pathophysiology. Chronic pain not 
only causes physical pain but damages the patient 
psychologically and emotionally also. 

The main role of anesthetist in chronic pain 
management is to give neurolytic (damaging 
nerve) or diagnostic blocks (temporary blocks 
with local anesthetics). Neurolysis can be done 
with chemical agents (5% phenol in glycerin or 
absolute alcohol) or with radiofrequency probes, 
which ablate the nerve by burning at 60-90°C. 
As chemical Neurolysis can damage adjacent 
structures radiofrequency ablation (RFA) is always 
preferred over chemical neurolysis. Neurolytic 
blocks usually provide analgesia for 6 months to 
2 years. 

The most commonly encountered conditions 
in clinical practice are: 

LOW BACKACHE 
Low backach e is one of the most commonly 
encountered conditions in clinical practice. Before 
treating low backache, neurosurgical and/ or 
orthopedic consultation should always be sought 
to rule out any surgical problem. 
The most common interventions done for low 
backache patients are: 

Epidural steroids: Usual indicatio n for 
epidural steroid is chronic disc prolapse with 
nerve root compression. Studies have shown 
that only 40-50% of drug reaches the nerve 
roots if steroids are given through epidural 
route, therefore, now-a-day's transforamina 
route (drug injected as the nerve exit through 
foramina) is always preferred over epidural 
route. 
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Facet joint injection with steroids and radio-
frequency (RF) ablation of medial branch of 
posterior ramus of spinal nerve (supplying the 
facet joint) for facet arthropathy. 

• Ozone/ percutaneous discectomy for pro-
lapsed discs. 

• Sacroiliac joint injection for sacroiliitis. 
Vertebroplasty/ kyphoplasty (inject io n of 
cement) for vertebral prolapse. 

NEUROPATHIC PAIN 
Most common neuropathy encountered in clinical 
practice is diabetic neuropathy. Drug of choice 
for neuropathic pain is pregabalin followed by 
gabapentin (except trigeminal neuralgia which 
stiJI responds best to carbamazepine). 

Trigeminal Neuralgia 
Most often the pain is in maxillary division. 

Treatment 
Drug of choice is carbamazepine. 
Patients no t responding to carbamazepine 
are s ubjected to radiofrequency ablation 
of Gasserian ganglion or neurolytic block 
(radiofrequency/glycerol) of involved segment 
of trigeminal nerve (maxillary, mandibular or 
very rarely ophthalmic). 

Postherpetic Neuralgia 
Treatment 

Tricyclic antidepressants. 
lntercostal nerve blocks. 
Trans cl erma l lignocain e patch / topica l 
application of eutectic mixture of lignocaine 
and prilocaine (EMLA) cream. 
Topical appl ication of capsaicin cream or 
patch. 

Complex Regional Pain Syndrome (CRPS) 
It is a group of diseases; most of them have 
sympathetically med ia ted pain. It is classified 
as Type I, which includes re flex sympathetic 
dystrophies such as Raynaud's phenomenon/ 
disease, Berge r's disease, phantom limb, Sudeck's 
dystrophy; and, Type II, which includes causalgia 
(neuralgic pain after direct nerve injury is called 
as causalgia). 

The ha llmark of CRPS is extremely painful 
limb. The limb becomes extremely sensitive to 

pain (hyperalgesia); even a light touch can produce 
pain (allodynia), pain may persist after the end of 
stimulus (hyperpathia) or patient may feel pain in 
anesthetized area (anesthesia dolorosa). 

Other clinical features of CRPS are of sym-
pathetic overstimulation of limb like burning pain, 
increased sweating, edema, decreased blood flow, 
hair loss and limb weakness. 

Treatment 
Sympathetic blocks: The mainstay of treatment 
is sympathetic blocks. For upper limb CRPS, 
stellate ganglion block is performed; and, for 
lower limb dystrophies, lumbar sympathetic 
chain block is performed. Usua lly 3- 7 blocks 
are requi red to break the cycle of pain. 
Alpha blockers, pregabalin/Gabapentin 
Ketamine infusion 
TENS, spinal cord stimulation, surgical sym-
pathectomy for refractory cases. 
Intravenous regional sympathetic block 

(chemical sympathectomy) with guanethedine, 
which was popular in past, is not recommended 
in current-day practice; however, intravenous 
regional block with local anesthetic is still 
performed occasionally. 

CANCER PAIN 
Treatment of cancer pain requires multifaceted 
approach. 

Pharmacologic therapy: 
The WHO recommends step ladder for control 
of cancer pain. 

onopioids like NSA1Ds, paracetamol for 
mild pain. 
Weak opioids like codeine for moderate 
pa in. 

- Strong opioids like morphine for severe 
pain. 

Opioid remains the mainstay of treatment for 
cancer pain. Depending on the severity and 
feasibility, opioids are given through many 
routes. 

Oral: Reserved for m il d to moderate 
cancer pain. 
Transdermal fentanyl/ butorphanol patch: 
Patch is a very good alternative to oral 
route. Fentanyl patch provides analgesia 
for 48- 72 hours while butorphanol patch 
provides analgesia for 6-7 days. 

- Parenteral: Parenteral route is utilized for 
severe pain. 



, 
- Neuraxial: Preservative-free morphine is 

used through epidural/spinal catheter. If 
this is e ffective in relieving pain, the spinal 
catheter may be surgically implanted for 
long-term use. 

Regional blocks like celiac plexus block 
for p ancreatic and stom ach malignancy, 
hypogastric block for pelvic malignancies. 
Neurolytic blocks: If block with local anesthetic 
is successful. then only neurolytic block should 
be considered. 
Adjuvant therapies like antidepressants, pre-
gabalin/gabapentin and ziconotide (directly 
acting calcium channel blocker). 
For intractable pain, surgical inte rvention 
(cordotomy) should be considered. 

MYOFASCIAL PAIN SYNDROME 
It is a syndrome characterized by muscle pain and 
muscle spasm. Painful points (trigger points) are 
typical of myofascial pain syndromes. 

Treatmen t includes phys iotherapy, trans-
cutaneous electrical nerve s timulation (TENS), 
acupuncture, topical cooling of muscle and trigger 
point injection with local anesthetic. 

FIBROMYALGIA 
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Technique 
It is blocked an terior to the tubercle of transverse 
process of C6 vertebra called as Chassaignac 
tubercle. 

Signs of Successful Block 
Horner syndrome, which consists of: 

Miosis. 
- Enophthalmos. 

Ptosis. 
- Anhydrosis over the ips ilateral face and 

neck up to T3. 
- Abse nce of pupi llary d ilatation on 

shading the eye. 
Absence of ciliospinal reflex (dilatation 
of pupils whe n skin over neck is 
pinched ). 

Flushing of face. 
Conjunctiva[ congestion ( most often the first 
sign). 
Nasal stuffiness (Guttmann's sign). 
Congestion of tympanic membrane (Mueller's 
syndrome). 
Increased skin temperature. 
Lacrima tion (due to involvement of superior 
cervical ganglion by cephalad movement of 
drug). Fibromyalgia is a very common p ain disorder 

ch aracterized by pain in d iffere nt groups of 
I Complications muse es, easy fatigability and sleep deprivation. 

The multiple trigger points are pathognomonic of • Brachia) plexus block causing unnecessary 
sensory and motor block. fibromyalgia. 

Treatment includes trigger point injection 
with local anesthetics, pharmacotherapy (prega-
balin, duloxetine, m ilnacipran a nd antidepres-
sants), physiotherapy and cognitive-behavioral 
therapy. 

COMMONLY USED PAIN BLOCKS 

STELLATE GANGLION BLOCK 
Stellate ganglion is formed by the fusion of lower 
cervical and firs t thoracic ganglion. 

Indications 
Usually employed f or complex regional pain 
syndromes (CRPS} of upper limb. Other indications 
may be intra-arteria l thiopentone injectio n 
and hand pallor (ischemia) followi ng radial 
artery cannulation for invasive blood pressure 
monitoring. 

Recurrent laryngeal n erve block causing 
hoarseness of voice. 
Phrenic nerve block, however, unilateral 
phrenic nerve block is not bothersome; it just 
reduces the vital capacity by 20- 25%. 
Epidural and intrathecal (subarachnoid) 
block. 
Pnewnothorax 
Esophageal perforation and mediastinitis 
Hypotension due to sympathetic block a nd 
brad ycardia due to b lockade of cardioaccele-
rator fibers (Tl-T4) by downward spillage of 
drug. 
Bleeding, h em a toma and intravascula r 
injection. 

TRIGEMINAL NERVE BLOCK 
Trigem ina l ne rve has three main branches-
ophthalmic, maxillary and mandibular. 
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Indications 
The principal indication of rrigeminal nerve block 
is trigeminal neuralgia. Depending on the site of 
involvemen t block may be given at Gasserian 
ganglion level (at Joramen ovale) or at one of the 
branches (usually maxillary or mandibular). 

Technique for Maxillary and 
Mandibular Nerve Block 
8 cm long 22 G need le is inserted at the inferior 
edge of coronoid notch till lateral pterygoid plate is 
encountered ( usually at 5 cm). Needle is walked off 
anteriorly for 0.5 cm to block maxillary nerve and 
posteriorly to block mandibular nerve (and hence 
its branches viz., buccal, auriculotemporal, lingual 
and inferior alveolar). 

Complications 
Block of maxillary nerve can cause temporary 
blindness due to optic nerve involvement. While 
blocking mandibular nerve pharynx may be 
entered superior to superior constrictor. 

INTERCOSTAL NERVE BLOCK 
Indications 
Intercostal nerve block is performed for post-
operative analgesia, rib fractures and herpes 
zoster. 

KEY POINTS 

Technique 
Usually performed in mM or posterior axillary line 
at the inferior border of rib. 

Complications 
Pneumothorax 
After intercostal block, highest blood level of 
local anesthetic is achieved per volume of drug 
injected. 

CELIAC PLEXUS BLOCK 
Celiac plexus block is usually given for pain relief in 
gastric and pancreatic malignancy. Most common 
complication is hypotension. 

LUMBAR SYMPATHETIC CHAIN BLOCK 
Lumbar sympathe tic chain block is usually utilized 
for CRPS of lower limb, especially Berger's disease. 
It is blocked anterior to lumbar vertebral bodies. 

SUPERIOR HYPOGASTRIC BLOCK 
Superior hypogastric block is perfo rmed for pain 
relief for pelvic malignancies. 

GANGLION IMPAR BLOCK 
Ganglion impar (ganglion of Walther) is used for 
pain relief of perinea! area. 

• Visual analog scale is the most commonly used scale for pain assessment 
• Postoperative pain management should have multimodal approach. 
• Opioid remains the mainstay of treatment for post-operative analgesia. 
• Epidural route is the most preferred route for postoperative analgesia. 
• Patient-controlled analgesia (PCA) 1s the method of choice if opioids have to be given by parenteral route. 
• Regional nerve blocks with local anesthetics as a single shot or continuous infusion provide excellent 

postoperative analgesia. 
• Radiofrequency ablation (RFA) is always preferred over chemical neurolysis. 
• Transforamina route for the delivery of steroids is preferred over epidural route. 
• Rad1ofrequency (RF) ablation of medial branch of posterior ramus of spinal nerve is the most definitive modal ty 

of treatment for facet arthropathy. 
• Most common neuropathy encountered in clinical practice is diabetic neuropathy. 
• Drug of choice for neuropathic pain is pregabalin followed by gabapent1n. 
• Trigeminal neuralgia still responds best to carbamazepine. 
• For upper limb (RPS. stellate ganglion block is performed; and, for 1ower limb dystrophies, lumbar sympathetic 

chain block is performed. 
• Opioid remains the mainstay of treatment for cancer pain. 
• The multiple trigger points are pathognomonic of fibromyalgia. 
• Highest blood level of ocal anesthetic is achieved after 1mercostal nerve block. 
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Intensive Care Management 

INTENSIVE CARE UNIT 
First intensive care unit (ICU) was started in 1953. 
Total number of beds in ICU should be 10% of 
hospital beds. Each bed should have 20 m2 floor 
area. The patients usually coming to ICU are: 

Increased pA0 2 (alveolar)-pa02 (arterial) 
gradient. 
Increased dead space (increased VD/VT) and 
venous admixture. 
CO2 is usually normal or even low (due to 
compensatory hyperventilation) but can be 
high in advance cases. Those who are in respiratory failure and need 

mechanical ventilatory support. 
Those who require very high level of 
monitoring. 

Causes 

Those who are at high risk of going in cardio-
respiratory failure. 

ACUTE RESPIRATORY FAILURE 

DEFINITION 

Acute respiratory distress syndrome (ARDS). 
Chronic obstructive pu lmonary disease 
(COPD). 
Pulmonary edema. 
Asthma. 
Pneumonitis. 
Pneumothorax. 
Pulmonary hypertension. 
Pulmonary embolism. 
Interstitial lung disease. 

Respiratory failure is the inability of lungs to • 
maintain adequate oxygenation wi th or without 
acceptable elimination of carbon dioxide. 

As a guideline, acute respiratory failure is Type II or Hypercapnic Venti latory 
considered to be present if partial pressure of Failure 
oxygen (p02) is less than 60 mm Hg, pC02 over 
50 mm Hg and pH less than 7.30 (however pC02 
may be normal or even decreased in early phases 
of acute respiratory failure). 

This is characterized by increase in pC02 (> 50 mm 
Hg), p02 is usually normal (but may be low ifpC02 
rises to more than 75- 80 mm Hg). pAOz-pa02 is 
normal. 

Elevated pC02 in presence of normal pH 
constitutes chronic respiratory failure (as pH is Causes 
compensated by renal tubular reabsorption of • 
bicarbonate). 

CLASSIFICATION 
Respiratory failure is classified in three types: 

Type I or Oxygenation Failure 
lhis is characterized by: 

Low p02 ( <60 mm Hg). 

Overdosage of narco tics/barbiturates/ 
benzodiazepines/ anesthetics. 
Residual paralysis of muscle relaxants. 
Central causes, such as brainstem infarction / 
hemorrhage. 
Disorders affecting the signal transmissio n 
to respiratory muscles like Guillain-Barre 
syndrome, myastheni a gravis, multiple 
sclerosis, spinal cord injury. 
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Disorders of respiratory muscles such as polio-
myelitis, m uscular dystrophies. 
Injury to chest wall like flail chest. 

Type Ill or Combined Oxygenation and 
Ventilatory Failure 
Theoretically any condi tion causing type I and 
type II fa ilu re can progress to type Ill fa ilure, 
however, the usual causes of type Ill failure are: 

ARDS. 
COPD. 
Asthma. 

MANAGEMENT OF RESPIRATORY 
FAILURE 

Supplemental oxygen with or without conti-
nuous positive airway pressure (CPAP). 
Mechanical ventilation, including addition of 
positive-end expiratory pressure (PEEP). 
lnotropic support co heart. 
Management of shock. 

• Nutr itional support. 
Control of infection/ secretions. 
Maintenance of od1er organ functions. 

• General nursing care. 

SUPPLEMENTAL OXYGEN 
For mild to moderate cases, supplemental oxygen 
therapy may be able to achieve pO2 of 80 mm 
Hg. Supplemental oxygen can be delivered by 
various oxygen delivery devices like mask, nasal 
cannula, Venturi mask or by T piece attached to 
endotracheal or tracheostomy tube during the trial 
of weaning from ventilator. 

Ideally, inspired oxygen concentration (FiO2) 
should not exceed more than 50%, othe rwise 
oxygen toxicity can occur. If the patient is not able 
to mainta in oxygen saturation by oxygen delivery 
devices, noninvasive positive pressure ventilation 
(NlPPV) should be tried, if situation permits (see 
section ofNIPPV) before proceeding to intubation 
and mechanical ventilation. 

Oxygen therapy is helpful in improving oxygen 
saturation in all types of hypoxia except histotoxic 
hypoxia, maximum benefit is seen in hypoxic 
hypoxia. Hypoxia produced by shunts (whethe r 
intracardiac or intrapulmonary) is not fully 
corrected even by inhalation ofl00% oxygen. 

MECHANICAL VENTILATION OF LUNGS 
Indications 
Putting a patient on ventilator is more or less a 
clinical criterion however the general guidelines 
are: 

On the basis of blood-gas analysis: 
pO2 <50 mm Hg on room air or <60 m m 
Hg on FiO2 (inspired oxygen)> 0.5 (50%). 
pH <7.25 (acute respiratory failure). 

- pCO2 >50 mm Hg. 
pOifFiO2 <250 mm Hg (normal >400) 

- p (A - a) 0 2 gradient >350 mm Hg on 100% 
oxygen. 

On the basis of pulmonary functions: 
Respiratory rate >35/ minute. 

- Vital capacity <l5 mL/ kg. 
Dead space volume (VD/VT) >0.6 (60%). 
Peak negative pressure < -20 cm H2O. 

- Tidal volume <5 mL/kg. 
Other. 

Excessive fatigue of respira tory muscles. 
Loss of protective airway reflexes which 
makes patient vulnerable for aspiration. 
Inability to cough adequately. 

Mechanical ventilation of lungs is carried 
out by intubating the patient by nasal or oral 
route or through tracheostomy and connecting 
endotracheal or tracheostomy tube to ventilator. 

Ventilators 
The breath by ventilator is governed by three 
factors (called as variables): 
1. What initiates (triggers) breath? Patient 

spontaneous breath (therefore called as assist 
ventilation) or ventilator (therefore called as 
control breath). 

2. What sustains breath? Preset volume (fix preset 
tidal volume is delivered therefore called as 
volume targeted or volume controlled ventila-
tion) or preset p ressure ( ventilator will deliver 
till preset pressure is attained, therefore, called 
as pressure targeted or pressure controlled 
ventilation). 

3. What terminates inspiration or other words 
wha t cycle ven til ator to start expiration 
(therefore called a cycling)? The variable 
may be preset tidal volume (ventilator will 
start expiration once the preset tidal volume is 
delivered), preset pressure (ventilator will start 



expiration once preset pressure is anained), 
set inspiratory time is lapsed (can be set by 
adjusting inspiratory to expiratory ratio, I:E 
ratio) or preset inspiratory flow is delivered. 
So, broadly speaking, ventilatory breath can 

be volume preset (volume targeted/ controlled) 
or pressure preset (pressure targeted/ controlled) 
breath. 

The chief advantage of volume p reset breath 
is assurance of delivery of preset tida l volume 
and hence decreased chances of hypoventilation; 
however, the chief d isadvantage is increased 
chances of barotrauma, if a irway pressure 
increases or lung compliance decreases. 

The chief advantage of pressure targeted 
ventilat ion is maintenance o f preset airway 
pressure throughout the inspiration thereby 
decreasing the chances of barotrauma. Si nce tidal 
volume varies to maintain the preset pressure, 
the chief disadvantage of pressu re controlled 
ventila tion is the increased possi bility of 
hypoventilation. 

Depending upon the mode of ventilation 
selected ventila tor w il l combine these three 
variables to deliver it breath. 
l. Time/ patient initiated and volume cycled: 

Triggering ( initiation) factor for start of 
respiration is either time {determined by 
setting the respiratory rate (for example, if set 
frequency is 10 brea ths/ min, ventilator will 
initiate breath after every 6 second} or patient 
spontaneous breath. 
Inspira tion is terminated (or other words 
ventilator cycles to expiration) when a preset 
tidal volume is delivered. 

As discussed above the main advantage 
of volume cycled ventilation is less chances 
of hypovencilation while the disadvantage is 
more chances of barotrauma. 

2. Time/ patient initiated and pressure cycled: 
The breath is ini tiated by time or patient 
spontaneous breath. Ventilator will cycle to 
expiration after attaining preset pressure for 
preset time (pressure preset rime cycled) or 
till the delivery of preset flow (pressure preset 
fl ow cycled). As discussed above, that tidal 
volume can vary depending on the airway 
pressure and lung compliance the patient is 
more vulnerable for hypoventilation but at 
decreased risk of barotrauma. 
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3. Dual control: New ventilators can combine 
the benefits of both volume and pressure 
ventilation. 

Initial Setting of Ventilator 
1he usual initial parameters set on ventilator are: 
Tidal volume : 6-8 mL/kg 
Respiratory rate (frequency) : 10- 12 breaths/ min. 
Inspiratory (I): Expiratory : l : 2 
(E) ratio 
Inspiratory flow rate : 60-80 liters/ min. 
Trigger sensitivity (sensi- : -1 to -2 cm H2O 
tivity of ventilator to detect 
patient spontaneous breath) 
FiO2 (delivered : < 0.5 (50%). 
concentration of oxygen) Initially, patient is 

started with 100% 
oxygen (FiO2- l .0) 
but should be 
reduced to less 
than 0.5 a t the 
earliest if patient 
maintains oxygen 
saturation >90% 

Modes of Ventilat ion 
Controlled-mode ventilation (CMV); also 
called as intermittent positive pressure 
ventilation (IPPV) (Fig. 40.1) : 
As the name suggests, in this mode the tota l 
breath ing of the patient is controlled by 
ventilator at preset tidal volume (or preset 
pressure) and respiratory ra te; th ere is no 
spontaneous effort by the patient. 

The major disadvantage of this mode is 
that the intrathoracic pressure always remains 
positive decreasing the venous return and 
cardiac output. 

Fig. 40.1: Controlled-mode ventilation (CMV) 
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+ 

Control breath 

Fig. 40.2: Assist-control vent ilation (AC) 

Assist-controlled (A/ C) ventilation (a lso 
called a s continuous mandatory ventilation) 
(Fig. 40.2): 
As the name suggests, in this mode, ventilator 
assists the patient sponta n eous breath to 
a preset tida l vo lume and can also de liver 
control breath, if required. 

For example, if the preset rate with venti-
lator is IO breath/ minute and patient's sponta-
neous breath are 5 then ventilator will assist 
those 5 breaths and remaining 5 breaths it will 
deliver in control mode (mean s ventilator need 
to work in assist as well as control mode). If the 
patient's spontaneous rate exceeds the set rate, 
say, it becomes 12 then ventilator will assist 
those 12 breaths (means ventilator is working 
in on ly assis t mode). If pa tie nt becomes 
a pneic then all 10 breaths will be delivered in 
controlled mode (means ventilator is working 
in controlled mode). 

In A/C mode, ventilator breath is initiated 
(triggered) by patie nt spontaneous breath. 
Ventilator detects patient's spontaneous effort 
by either detecting negative pressure in a irway 
(trigger sensitivity) or by detecting inspiratory 
flow gene rated by patie n t's spontaneou s 
breath. 
Synchronized intermittent mandatory venti -
lation (SIMV) (Fig. 40.3): 
In th is mode, the ventilator delivers the preset 
mandatory breaths; however, these breaths are 
synchronized with the patient's spontaneous 
breaths, meaning by that ventilator will deliver 
its breath either between patient 's spontaneous 
efforts or will coincide with inspiration, never 
during expiration. 
The advantages ofSIMV over CMV are: 

Less hypotension: As there occurs good 
venous return during spontaneous breath, 

+ 
Spontaneous 
breath Control 

Qf--L-__,._---"::..::,._....::::::::.....=--=--L-- ~ breath 

Fig. 40.3: Synchronized interminent mandatory 
ventilation 

the hypotensio n is less as compared to 
CMV 
As there is no syn chronization with 
patient breath in CMV, the patient need 
to remain heavy sed ated or to receive 
muscle relaxants in CMV. 
As there is spontaneous breaths, patient 
do not feel the sense of breath lessness in 
between ventilatory breaths. 

Disadvantages of STMV: 
Increased h yperventila t ion (p a tie nt 
spontaneous breath + ventilator manda -
tory breaths) can cause hypocapnia and 
increases the work of breathing. 

Inverse ratio ventilation (]RV): The no rmal 
I : E ratio of 1 : 2 is reversed to 2: 1. Doubling the 
inspiratory time will double the gas exchange 
time. Like in CMY, the patients in IRV also 
need heavy sedation or m uscle relaxants. 
Pressure support ventilation (PSV) (Fig. 40.4): 
As the n ame suggests, a preset pressure is 
delivered to each breath of the patient to attain 
a desired tidal volume. The ventilator will cycle 
to expiration once the predetermined flow falls 
below 25% (flow cycled). 

To begin w ith us ua lly a pressu re of 
8 cm H20 is a pplied and then titra ted to 
achieve the des ire d tidal volume. Th e a im 
of PSV is to decrease the work of breathing 
and to overcome the resistance offered by 
end otracheal tube and ventilator tubing. 
PSV can be used alone or in combination 
of SIMV. 
Proportional-assisted ventilation (PAV): PAV 
is simiJar to PSV, the only difference is that in 
PAV, ventilator delivers the required pressure 
by calculating th e lung complian ce, not a 
fixed pressure as in PSV further decreasing the 
chances of barotrauma. 
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Fig. 40.4: Pressure support ventilation (PSV) 

Pressure-controlled ventilation (PCV}: In 
PCV. vemilaror maintains a constant preset 
pressure for a preset time. Ven tilator will cycle 
to expiration once preset time is lapsed (time 
cycled). Tidal volume is determined by set 
inspiratory flow and inspiratory time. As tidal 
volume is variable the patient is more prone for 
hypoventilation but less prone for barotrauma. 
Neurally adjusted ventilatory assist (NAVA): 
The diaphragm activity is sensed by a sensor 
placed in distal esophagus to trigger ventilatory 
breath. 
Dual mode uentilation: New ventilators can 
combine the benefits of both pressure and 
volume ventila tion to deliver mixed breaths. 
Although rhe different terminologies used 
by different manufactures have made these 
mode complicated but tl1e most fundamental 
characteris tic of these modes is that the 
breath delivered is uolume guaranteed 
(decreasing the chances of hypoventilation) 
and pressure regulated (decreasing the chances 
of barotrauma). 

The most commonly used dual mode in 
India is pressure-regulated volume control 
(PRVC). In this mode, upper level of pressure 
is set to prevent barotrauma and lower level 
of pressure is set to prevent alveolar collapse. 
The ventilator adjusts between these pressure 
limits ro d eliver the preset tidal volume a t 
preset rate. As PRVC offers the combined 
benefits of volume and pressure PRVC can be 
considered as mode of choice for ventilation in 
current day critical care practice. 
High-frequency ventilation: This mode is 
applicable in conditions in which adequate 
tidal volume cannot be delivered; therefore, 
m inute volume is compensated by high 
frequency. High frequen cy ventilation is 
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d elivered through special high-frequen cy 
devices. High -frequency ventilation may be: 
High-frequency positive-pressure ventilation 
where frequency is 60- 120 cycles/min . 
High-frequency jet ventila tion where fre -
q uency is 100-300 cycles/m in with gases 
at h igh p ressu re of 60 psi. This is the most 
commonly used mode for h igh frequency 
ventilation. 
High frequency oscillations where frequency 
is 600-3,000 cycles/min. 
Indications: 
- Bronchopleural fistula: Large tidal volu-

mes can cause pneumothorax. 
Bronchoscopies: Patient has to be venti-
lated through a very small port in bron-
choscope which cannot deliver sufficient 
tidal volume. 
Microlaryngeal surgery: At times glottic 
opening is so narrow to just allow a 
catheter through which it is not possible 
to deliver adequate tidal volume. 

- Emergency ventilat ion through crico-
thyroid membrane. 

ADD ON MODES/POSITIVE PRESSURE 
AIRWAY THERAPY 
These modes can be used alone or in conjugation 
with above mentioned modes. 

Positive end-expiratory pressure (PEEP) 
(Fig. 40.5): 
During expiration the alveoli collapses and 
there is no gas exchange. In PEEP, as the name 
suggests positive pressure is given at the end of 
expiration to prevent alveolar collapse leading 
to gas exchange even during expiration. PEEP 
is very useful for situations like pulmonary 
ed ema or ARDS where gas exchange is 
impa ired. PEEP can also be used in thoracic 
surgeries to minimize bleeding. 
Side effects of PEEP: 

Hypotension and decreased cardiac 
output: Increase in trathoracic pressure 
p rod uced by PEEP can significantly 
reduce the venous return and cardiac 
ourput. 
Increase pulmonary artery pressure (PAP}: 
Compression of a lveolar capillaries by 
PEEP can increase PAP producing right 
ventricular strain. 
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Fig. 40.5: Assist-control ventilat ion with PEEP 

Fig. 40.6: Spontaneous ventilation with continuous-
positive airway pressure 

Increase dead space: Excess PEEP can lead 
to over distension of alveoli increasing the 
dead space. 
Increase barotrauma 
Considering these side effects the ideal 
PEEP is considered as the PEEP which 
maintains oxygen saturation > 90% 
without decreasing the cardiac output 
significantly. Usually it is 5-12 cm H20. 

Continuous-positive airway pressure (CPAP) 
(Fig. 40.6): 
CPAP is a misnomer. Jt is just the PEEP given to 
a nonintubated patient or other words it is the 
noninvasive method of giving PEEP. It is given 
through a tight fitting mask. 
Bilevel positive airway pressure (B f PAP): As 
the name suggests, BIPAP means positive 
pressure during inspiration (!PAP) as well as 
expi ration (EPAP). Typical settings are 8-20 cm 
H2O positive pressure during inspiration and 
5 cm H2O cm during expiration. In very simple 
words it can be considered as combination of 
pressure support ventilation and PEEP or CPA P. 

It is possible to deliver BIPAP to the non-
intubated p atient (NJPPV, see below) as well 
as intubated patients. The machine (ventilator 
or BIPAP machine) will maintain EPAP until 
a spontaneous breath is sensed and then it 

switches to IPAP. IPAP will be terminated 
either by preset time (time cycled) or if flow 
falls by certain level (flow cycled). 
Airway pressure release ventilation (APRV): It 
is applied to patients on very high PEEP or 
CPAP where there is periodic release of PEEP 
or CPAP to decrease the incidence of baro-
trauma and hypotension. 

NONINVASIVE POSITIVE PRESSURE 
VENTILATION: VENTILATION 
WITHOUT INTUBATION OR 
TRACHEOSTOMY 
Since intubation and tracheostomy carries their 
multitude of complications; therefo re, whenever 
possible, a trial of noninvasive positive pressure 
ventilation (NIPPY) should be given. Ideal 
candidates for trial of NIPPY are: 

The patients who are in respiratory failure but 
there is no urgent need of intubation 

• Conscious and cooperative patients 
Patients in whom there is no risk of aspiration 
Face mask could be tightly fitted 

NIPPY is contraindicated in: 
Cardiac or respiratory arrest 
Severe hypoxemia 
High risk of aspiration 

• Facial trauma 
Inability co protect airways 
Upper GI bleed. 

Common Indications 
Although IPPY can be used in respiratory failure 
due to any cause; however, most often in chronic 
setting it is very effectively used for sleep apnea 
syndrome while in acute setting NIPPV is most 
.frequently applied for acute exacerbation of CO PD. 
Otl1er usual indications are immunocompromised 
p atients who are very p ron e for respiratory 
infections following intubation or tracheostomy 
and cardiogenic pu lmonary edema (because 
patients with cardiogenic pulmonary edema may 
recover early). 

Recently it has been proven by s tudies 
that prophylactic CPAP in preterm babies can 
avoid intubation and allows the clinician to 
use low FiO2 (<0.4) ( th is is very important 
consideration as preterm babies may develop 
retinopathy following the use of high oxygen 
concentration). 



Equipment 
NIPPV can be given through special CPAP/ 
BlPAP devices or through ventilators (most of 
the ventilators used now a day have option for 
delivering NIPPV). 

Most commonly used for N IPPV is tight fitting 
face mask in acute setting and nasal mask in 
chronic setting (for sleep apnea syndrome). Other 
options are full face mask and helmet. 

Modes of Ventilation 
Modes of ventilation utilized for NI PPV are CPAP 
and Bl PAP (already described above). 

Protocol and Principles for NIPPV 
Explain the procedure to patient 
Mask should be tight fitting 

• Preferably keep head end in propped up 
position 
Usual settings are: 

Inspiratory pressure {[PAP): 8- 20 cm 
Il2O. Do not exceed above 20 cm H2O 
(aspiration can occur). 
Expiratory pressure (EPAP}: 5-10 cm H20 
Fi02: 1.0 to begin with 
Trigger sensitivity (ability of ventilator to 
detect spontaneous breath}: Maximum 
Titrate !PAP, EPAP and FiO2 as per tidal 
volume and blood gases. 
Give a trial for 1- 2 hours, if there is no 
improvement or deteoration consider 
intubation. If there is improvement 
reassess after every 4 hours. 

Complications 
Leakage:This is a major problem during I PPV. 
Although most of the machines compensates 
for mild-to-moderate leaks; however, signi-
ficant leaks can cause hypoventilation. It is 
best avoided by using tight fitting masks. 
Pacients inconvenience and claustrophobia 
(particularly with full face mask and helmets). 
Increased chances of aspiration 
Skin breakdown, facial edema on prolonged 
use. 
Delay in intubation. 

WEANING FROM VENTILATOR 
Weaning means discontinuing the venti latory 
s upport. Generally accepted parameters for 
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weaning are (these are simply the reversal of 
criteria for putting the patient on ventilator): 

pO2 >60 mm Hg (and oxygen saturation >90%) 
on FiO2 <50% and PEEP <5 mm Hg. 
pCO2 <50 mm Hg. 
Respiratory rate <35/ min. 
Vital capacity > 15 mL/kg. 
VD/VT <0.6. 
Tidal volume >5 mL/ kg. 
Inspiratory pressure< - 25 cm H2O. 
Rapid shallow breath ing index (RSBI) 

Respiratory rate (breaths/min) 
= Tidal volume (in liters) 

RSBl should be <100. 
Normal anerial pH 
Normal hemoglobin. 
Normal cardiac status, i.e. at the attempt of 
weaning patient should not have tachycard ia, 
hypertension . 
Normal electrolytes. 
Adequate nutritional status. 

Method of Weaning 
There are numerous methods of weaning and 
weaning varies from patient to patient. It is possible 
to wean patient in any mode of ventilation except 
control mode ventilation. 

The most common process followed for 
weaning includes shifting from control mode 
ventilation to assist control and SIMV and then 
keep on decreasing the rate of breath delivered 
by venti lator gradually till it becomes 1-2 breath/ 
m in. If the tidal volume is not sufficien t then 
pressure support ventilation may be instituted. 
The pressure support may be decreased gradually 
till the patient achieves adequate tidal volume. 
Once the patient's frequency and tidal volume is 
adequate then venti lator can be disconnected and 
T tube is attached to endotracheal tube. 

If patient is able to maintain normal pulmo-
nary and cardiac function s and shows normal 
blood gas analysis for more than two hours, 
exrubation can be attempted. 

COMPLICATIONS OF MECHANICAL 
VENTILATION (AND ASSOCIATED 
PROBLEMS) 

Pulmonary barotrauma: 
Incidence is 7-10%. Barotrauma may mani-
fest as pneumothorax, pneumomediastinum, 
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pneumopericardium, pneumoperitoneum, 
bronchopleural fistula a nd air embolism 
(pulmonary/systemic). 
Infections: The most common source of 
nosocomial infections in ICU are urinary tract 
infections accounting for 35-40% of total rcu 
infections followed by pulmonary (25- 30%) 
and bloodstream infections (20%) {occurring 
due to CVP, arterial or JV lines}. Majority of 
nosocomial infections are caused by gram-
negative organisms except for IV related 
infections which are caused by staphylococcal 
epidermid.is. 
Ventilator-associated pneumonia (VAP}: It is 
defined as pneumonia developing in patients 
on ventilators for >48 hours with no evidence 
ofpreintubation pneumo nia. The incidence of 
VAP is around 20%. Most often it is due to 
gram-negative organisms. Pooling of secre-
tions from oral cavity or due to gastric reflux is 
the main reason for VAP, therefore, preventive 
measures includes: 

Positioning o f the head of the bed at 
30 degrees: By decreasing the gastro-
esophageal reflux positing head at 30 
degrees proves to be simplest and most cost 
effective method to decrease VAP. 
Use of endotracheal tubes with subglottic 
suctioning appears to be very effective 
method for the prevention ofVAP. 
Oral hygiene with chlorh exidine can 
significant ly d ecreases the load of 
bacteria 
Early (6-8 days after intubation) vs. late 
(13-15 days) tracheostomy has no effect on 
the incidence of VAP as well as mortali ty 
in ICU. 

Complications due to prolonged intubation/ 
tracheostomy like airway edema, sore throat, 
la ryngeal ulcer, granuloma or web, tracheal 
stenosis, fibrosis or tracheomalacia. 
Complications due to inadequate ventilation 
like hypoxia, hyperoxia, hypercarbia or 
hypocarbia, acidosis or alkalosis. 
GIT: 

Stress ulcers. 
Paralytic ileus. 

Cardiovascular: Positive pressure ventilation 
by increasing the intrathoracic pressure 
decreases 11enous return and hence cardiac 
output. Right ventricular strain or even right 

ventricular failure can occur due to increase in 
pulmonary artery pressure. 
CNS: IPPV and PEEP by decreasing venous 
return from brain increases the intracranial 
pressure. 
Liver and kidney dysfunctions may occur due 
to decreased cardiac output. 
Intensive care acquired weakness: It may be due 
to prolonged immobil ization, use of muscle 
relaxants, electrolyte imbalances. 
Ciliary activity .is impaired if nonhumidified 
oxygen is used for prolonged periods. 
Deep vein thrombosis, Thromboembolism and 
bed sores due lO prolonged immobilization. 
Psychological: Depression a nd emotional 
trauma. 
Financial burden on patient and relatives. 

MONITORING 
Usually used monitors are: 

Pulse rate 
Blood pressure: Mostly invasive. Arterial 
cannulation is not only required for blood 
pressure monitoring but also to take frequent 
samples for blood gas analysis and other 
investigations. 
ECG 
Oxygen saturation 
Respiratory parame te rs like tidal volume, 
minute volume, frequency, airway pressure, 
Fi02, etc. 

• CVP 
Urine output 
Other special monitoring depends on specific 
indications. 

INOTROPIC SUPPORT TO HEART 
Maintenance of normal cardiac function is 
important in the patient of respiratory failur e. 
Dopamine or doburamine infusion may be 
required to maintain normal cardiac output. 

SHOCK 
Shock often accompanies resp iratory fai lure o r 
vice versa; therefore, often the managem ent of 
shock goes parallel with respiratory management. 

Definition 
Shock is defined as the state in which ineffective 
tissue perfusion leads co first reversible and then 
irreversible cellular injury. 



Classification 
It is classified into four major types: 
l. Hypovolemic 
2. Cardiogenic 
3. Distributive 
4. Obstructive. 

Causes of Shock 
Hypovolemic 

Hemorrhage. 
Fluid loss in diarrhea, vom iting, excessive 
sweating, diabetic ketoacidosis, polyuria, etc. 
Third space loss in ascites, pancreatitis. 
Burns. 

Cardiogenic 
Pump fai lure (left ventricular failure or right 
heart failure). 
Arrhythmias. 
Myocardial trauma/ rupture. 
Severe valvular diseases (of regurgitant type). 

Distributive 
Neurogenic. 
Septic. 
Anaphylactic. 
Acute adrenal insufficiency. 
Vasodilators. 

Obstructive 
Cardiac tamponade/ constrictive pericarditis. 
Tension pneumothorax. 
Pulmonary embolism or pulmonary hyper-
tension 

• Valvular disease (obstructive type especially 
Aortic stenosis). 
Aortic dissection. 
Hypovolemic shock is charac terized by 

decreased circu latory volu me leading to low 
central venous pressure (CVP), low pulmonary 
artery occlusion pressure (PAOP, previously called 
as PCWP) and hence decreased cardiac output/ 
index. There is reflex vasoconstriction leading 
to increased systemic vascular resis tance (SVR) 
therefore BP may be normal initially. 

In cardiogenic shock poor pump function 
leads to increased CVP, increased PCWP (in LVF 
PCWP is >25 mm Hg), BP is again normal initially 
due to sympathetic stimulation which also leads to 
increased SVR. 
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In d istributive shock poor vascular tone 
( decreased SVR) is the hallmark. Decrease SVR 
decreases the afterload increasing the CO. PCWP 
may be normal or low. 

Septicemic shock is usually hyperdynamic type 
(increased CO) but hypodynamic is also seen. In 
septicemic shock pulmonary hypertension is al so 
prominent. 

In obstructive shock CVP is raised, PCWP is 
usually low, cardiac output is decreased, SVR is 
elevated. 

Hemodynamic parameters in shock 
Type CVP PCWP 
Hypovolemic .J, ,!. ,;, .J, or 

normal 
(init ially) 

Cardiogenic i i .l. .,. 
or 

normal 

Dist ribut ive .J, i u. .l. 
Obstructive .l. .l. t .J,or 

normal 

Abbreviations: CVP. central venous pressure; PCWP. 
pulmonary capillary wedge pressure; CO, cardiac output; 
Cl, cardiac index; SVR, systemic vascular resistance; 
BP, blood pressure.1. increase; .J,, decrease 

Compensatory Mechanism in Shock 
Increased sympathetic activation (and also 
increased release of adrenali ne, vasopressin, 
angiotensin), tries to maintain intravascular 
volume and increases cardiac contractility. 

Clinical Features 
Mild shock (loss <20% of blood volume): 
Tachycardia, cold skin, postural hypotension 
and concen trated urine (osmolarity >450 
mosmol/1). 
Moderate (loss 20- 40% of blood volume): 
Tachycardia, supine hypotension, oliguria 
(output <0.5 mL/ kg /hr), metabolic acidosis. 
Severe (>40% of blood volume): Restlessness, 
agitation, confusion to coma, tachypnea 
(rapid sha llow breathing), ARDS and fina lly 
respiratory arrest. 

MANAGEMENT OF SHOCK 
The goals for resuscitation can be classified as 
early goals and late goals. 
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Early Goals 
Target blood pressure: In hemorrhagic shock 
increasing the blood pressure to normal level 
can lead to increased bleeding due disruption 
of clots removing the tamponade effect and 
reversal of compensatory vasoconstriction. 
Therefore, the current guidelines for hemor-
rhagic shock are in favor of hypotensive 
resuscita tion, which means maintain ing 
systolic blood pressure (SBP) between 
80- 100 mm Hg and mean arterial pressure 
(MAP) between 60- 65 m m Hg. Hypotensive 
resuscitation should be avoided in ischemic 
heart disease patients and patients with brain 
or spinal cord injury. For other type of shock 
the target should be to achieve normal blood 
pressure or at least systolic blood pressure 
>JOO mm Hg. 
Maintain. coagulation and platelet: Life-
threatening coagulopathy is one of the serious 
comp lications seen in profound shock; 
therefore, th e correction of coagulopathy 
from the very beginning is of utmost 
importance and is called as hemostatic 
resuscitation. In fact, some clinicians have 
even suggested a preemptive resuscitation 
wi th blood products in a ratio of 1:1:l (RBC: 
FFP: Platelets); however, FFP and p latelets 
should be transfused only after assessing 
the coagulation and platelet deficiency. PT, 
APTT and I R are the universally performed 
test to assess coagulation but not considered 
as rel iable as thromboelastography. Platelet 
count should be kept >50,000. Anti fibrolytic 
therapy with tranexamic acid have shown 
the survival benefit if given within 1 hour. 
This newer concept of hypotensive and 
hemostatic resuscitation is called as balanced 
resuscitalion. 
Maintain hematocrit of 25- 30%: Hypervisco-
sity as well as excessive hypoviscosity are 
detri mental therefore hematocrit should be 
maintained between 25% and 30%. 
Arterial 0 2 saturation >90% and venous 
oxygen satu ration (SVO2)> 60%. 
Other goals are to avoid hypothermia (keep 
core temperature >35° C), prevent worsening 
of acidosis and increase in serum lactate 
levels. 

Late Goals 
Late resuscitation begins once bleeding is defi-
nitively controlled. 

Maintain systolic blood pressure >100 mm Hg 
Maintain urine output> 0.5 mL/ kg/hr. 
Maintain hematocrit 
Correct coagulation, electrolyte imbalance 
and acidosis 
Normalize body temperature 
Decrease lactate to normal range 
Assess the tissue perfusion by measuring: 

Mixed venous oxygen tens ion (SVO2.): 
Mixed venous oxygen saturation is 
considered as best guide to assess tissue 
perfusion (i.e. cardiac output) however it 
is technically difficult 
Urine output: Urine output is considered 
as best clinical guide of tissue perfusion. 
Acid-base status 

- Serum Lactate levels: Results a re delayed; 
however, serum lactate levels not only 
provide excellent assessment of tissue 
perfusion but also assess the results of 
resuscitation. 

- Gastric tonometry 
Skeletal muscle partial pressure of oxygen. 

Treatment 
Fluids 
Titration oftluid therapy 
The current concept is to give fl uids by Goal 
directed therapy (GDT) which means giving fluids 
by measuring dynamic cardiac functions like 
cardiac output or stroke volume and pulse pressure 
variation (means variation in stroke volume and 
pulse pressure during inspiration and expiration). 
Variation >10-15% confirms hypovolemia. Stroke 
volume varialion is considered as most reliable 
to assess fluid status and titrate fluid lherapy 
however due to technical feasibility and cost the 
static parameter, i.e. CVP is still most commonly 
u ed. 
Choice offluids 
Fluid remains the mainstay of treatmenl Jor shock. 

For hemorrhagic shock if loss is >20% of 
blood volume it should be replaced by blood. A 
normal patient Without any systemic disease like 
ischemic heart d isease and normal hemoglobin 
well tolerates blood loss up to 20% of blood volume 



therefore should be managed by crysta lloids/ 
colloids. 

Crystalloids are preferred over colloids due to 
the fo llowing reasons: 

They not only replace intravascular volume but 
they also replace extravascular volume (and 
cellular hydration depends on extravascula r 
volume). 
They do not interfere with clotting while 
all colloids in high doses can interfere with 
clotting. 
Colloids are expensive. 
There is risk of anaphylactic reaction with 
colloids. 
Due to the above said reasons colloids are 

reserved only for severe shock whe re ma intenance 
of intravascular volume is vital. 

Ringer is the most preferred crystalloid as it 
is more physiological except for hypochloremic 
alkalosis (seen in vomiting) and bra in injury 
where normal saline is preferred solution (Ringer 
contains calcium which can worsen neurological 
injury in case of brain injury). Glucose containing 
solutions should not be used (they exacerbate 
ischemic brain damage). 

Drugs 
Vasopressors: Vasopressors should be used 
for severe s hock or if hypotension is not 
responding to fluid therapy. Vasopressors in 
common use are: 

Phenylephrine: Phenylephrine is consi-
dered as first-line drug in neurogenic 
shock 
Ephedrine and mephentermine: Ephedrine 
is most preferred/or spinal shock 
Norepinephrine (noradrenaline): Nor-
adrenaline is the vasopressor of choice for 
septicemic shock 
Vasopressin: It can be tried in hypotension 
refractory co norepinephrine. 

lnotropes: lnotropes in common use are 
dopamine, dobucamine, dopexamine and 
milrinone (phosphodiesterase Ill inhibitor). 
fnotropes are very useful for cardiogenic 
shock. 
Adrenaline is used for treatment of shock 
when inotropes and vasopressors fail. 
Steroids: Steroids are effective for septicemic 
shock refractory to fluids an d vasopressors, 
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not useful in hyperdynamic and hypovolemic 
shock and contraind icated in cardiogenic 
sh ock (they can a lter heali ng process of 
myocardium). 

Acid Base Management 
The patients of shock are in metabolic acidosis; 
however, this metabolic acidosis should not be 
treated by sodium bicarbonate (unless severe, 
pH<7.15), rather treated by improving the tissue 
perjusions by fluids and drugs Sodium bicarbonate 
by producing CO2 may worsen cellular acidosis. 

Prediction of Outcome in Shock 
Shock index (SI) which is heart race (1 R) divided 
by systolic blood pressure (SBP) is often used as 
predictor in calculating the outcome in severe 
shock however recently s tudies have shown the 
equal role of diastolic blood pressure in predicting 
the mortality bringing the concept of modified 
shock index (MS!), which is a ratio of heart rate to 
mean arterial pressure (MAP). 

NUTRITIONAL SUPPORT 
The maln u trition in mechanically ventilated 
patient may be seen in more than half of the 
patients. Nutritional support can be accomplished 
by enteral or parenteral route. 

Enteral Route 
For short-term feeding large bore nasogastric 
(Hyle's) tubes may suffice but for long term feeding 
je junostomy tubes should be used . Jejunostomy 
tubes may be inserted through nasal route or 
can be placed surgically through gastrotomy or 
percutaneously under endoscopic guidance. 

Enteral route is always preferred over parenteral 
route due to the following reasons: 

It is the natural route of food intake 
Atrophy of luminal brush border of GIT' be 
prevented. 
Less expensive 
More nutrients can be provided. 

Parenteral Route 
Parenteral nutrition is used when the enteral route 
is not possible or is una ble to provide sufficient 
caloric intake. Parenteral nutrition can be provided 
through peri pheral vein if osmolarity of solution 
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is< 750 mosm/ L (making it useful only for short 
duration feeding) or through central vein if energy 
requirement are higher and total osmolarity of 
solution is > 750 mosm/ L. Due to large diameter 
(and hence less chances of thrombophlebitis due 
to lipid emulsions) subclavian is the vein of choice 
for parenteral nutrition. 

Calculation of Energy Requirement 
Ideally exact energy calculation should be done 
by calorimetery and estimation should be based 
on resting energy expenditure (calculated by using 
Harris- Benedict equation and is approximately 
10% greater than basal energy). However, a simple 
formula to calculate energy requirement is: 

Energy expenditure = Basic metabolic 
requirement x activity factor (1 for resting and 
1.5 for ambulatory) x Injury factor (l.2 for minor 
and 1.8 for major) x temperarure ( J for 37°C and 
multiply by 1.07 for each degree). 

For clinical purposes, calorie requirement for 
normal 70 kg man is 1,800 kcal/ day. For major 
surgery, trauma and sepsis, it is increased by 40% 
(2,500 kcal/day) and for burn patients it becomes 
double (3,600 kcal/ day). 

Substrates for Providing Energy 
Out of the total energy required 60-70% should be 
provided by carbohydrates (dextrose) and 30-40% 

• Table 40.1: Complications of enteral/parenteral nutrition 

Cause 

by fats. Amino acids are given as supplement 
( never as a substrate for source of energy) at a rate 
of 1-2 g/kg/day. Multivitamins and trace elements 
should be given along with. Parenteral glucose 
solution provides 3.5 kcal / g (compared to dry 
carbohydrate which provide 4 kcal per g). 

Complication of Enteral and 
Parenteral Nutrition 
See Table 40.1. 

PULMONARY CARE 
Frequent suctioning to remove secretions. 
This is very important as endotracheal 
or tracheostomy tube can be blocked by 
secretions and can cause hypoxia and death. 
Close suctioning devices can decrease the 
incidence of infection. Patient on ventilator 
remains apenic during suctioning therefore 
suctioning duration should not exceed more 
than 20 seconds. 

• Regular chest physiotherapy. 
Postural drainage of secretions. 
Steam inhalation. 
Bronchodilators. 

GENERAL NURSING CARE 
Care of bladder, bowel, intravascular fluid volume 
and other organ functions. 

Comments Complication 
Dextrose-related 
1. Hyperglycemia Due to excessive dextrose and 

decreased insulin and corticoids 
Hyperglycemia can increase CO2• 
Therefore glucose should not provide 
>60- 70% of energy 

2. Hypoglycemia 

3. Ketoacidosis, nonketotic coma 
4. Respiratory acidosis 

Fat-related 
5. Hyperlipidemia 

6. Hypolipidemia 

It is rebound due to excess insulin 
release which is because of 
prolonged stimulation of pancreas by 
high glucose 
Due to hyperglycemia 
Due to increased CO2 production by 
excessive glucose 

Due to excessive fat 

Due to deficient fat 

Leads to hyperventilation and muscle 
fatigue making weaning difficult 

Excess fat can produce cholestatic 
jaundice, lipoid pancreatltis and 
lipoid pneumonit is 

Contd ... 
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Amino acid-related 

7. Hyperammonemia and azotemia Due to excess of amino acids 

8. Hypoproteinemia 

9. Hyperchloremic metabolic 
acidosis 

Others 

10. Hypophosphatemia 

11. Hypokalemia 

12. Hyperkalemia 

13. Hypomagnesemia 

14. Hypermagnesemia 

15. Hypocalcemia 

16. Hypercalcemia 

17. Anemia 

18. Hypernatremia and water 
loading 

Catheter-related 

19. Infection at site, endocarditis 

20. Catheter misplacement and 
catheter embolism 

During catheter insertion 

21. Pneu mothorax 

22. Pneumomediastinum 

23. Hemothorax 

24. Cardiac tamponade 

25. Injury to major vessels 
(subclavian, carotid) and 
hematoma formation 

26. Air embolism 

27. Cardiac injury 

28. Arrhythmias 

29. Nerve injuries 
(phrenic, brachia! plexus) 

Due to deficient amino acids 

Due to excessive chloride content of 
amino acid solutions 

Inadequate phosphorus 
administration 

Inadequate potassium 

Due to excessive administration 

Deficient administration 

Excessive administration 

Deficient administration 

Excessive administration 

Due to iron and vitamin 8 12 
deficiency and anaemia of prolonged 
illness 

Stress is a sodium retaining condition 

It is very difficult to wean off a patient 
with hypoprotenemia 

Hypophosphatemia can cause 
respiratory failure 

Normal Potassium is needed for 
weaning 

Normal magnesium is needed for 
weaning 

Normal calcium is needed for 
weaning 

Due to faulty septic insertion and low Central lines should be inserted with 
maintenance of asepsis highest aseptic precautions 

Catheter should be placed with 
expert hands and always obtain a 
X-ray chest after catheter insertion 
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use of prone position is not recommended for 
the treatment of ARDS. 
Recruitment maneuvers: Recruitment maneu-
vers mean using high inspiratory pressures to 
improve oxygenation. These maneuvers can 
significantly increase the risk of barotrauma 
and improves oxygenation only transiently 
without improving mortality therefore, are not 
recommended routinely. 
Inhaled nitric oxide: As ARDS is associated with 
pulmonary hypertension, inhaled nitric oxide 
appears ro be beneficial by causing selective 
pulmonary vasodilatation (It does not produce 
systemic vasodila lation because it is rapidly 
metabolized by hemoglobin in pulmonary 
vascu lature); however, studies showed no 
long- te rm difference in overall prognosis of 
tje patients received nitric oxide. Therefore, 
inhaled nitric oxide is not recommended for 
routine use in ARDS. 
Treat the underlying cause. 

Management of Refractory ARDS 
If, in spite of the above said measures p02 remains 
<60 mm Ilg, p02/Fi02 ratio <100 and airway 
pressure more than 30 cm 1120 rescue therapy 
should be instituted which includes: 

ExtracorporeaL membrane oxygenation 
(ECMO}: In this technique patient's venous 
blood is withdrawn through a large bore 
cannula, circulated through an external 
oxygenation device (artificial lung) for 
oxygenation and then returned back to 
patient through another venous cannula. The 
aim of ECMO is not only to provide external 
oxygenation but also to give rest to diseased 
lung and time to clinician to treat the cause. The 
major complication of ECMO is bleeding due 
to the use of anticoagulants (anticoagulants 
are given so that blood docs not clot in ECMO 
circuits). 
In current day practice, the use of recruitment 
maneuvers, prone position, inhaled nitric 
oxide and muscle relaxants are reserved for 
refractory ARDS. 

CHRONIC OBSTRUCTIVE 
PULMONARY DISEASE 
The management of chronic obstructive pulmo-
nary disease (COPD) patient is very tricky. The 

important considerations in management of 
COPD patient includes: 

These patients survive on hypoxic drive 
therefore during oxygen supplementation it is 
necessary to keep the low flows (1 -2 liter/ min}, 
otherwise hypoxic drive may be lost and the
patient can go in apnea. 
Once put on ventilator COPD patients are most 
difficult to be weaned therefore maintaining 
oxygenation by noninvasive positive pressure 
ventilation (NIPPV} with CPAP/ BIPAP should 
be the prime goal. Early institution of IPPV 
has found to significantly decrease the need 
of mechanical ventilation. Some intesivists 
have suggested that removal of CO2 by 
extracorporeal CO2 elimination techniques 
should be done before putting the patient on 
mechanical ventilation. 
These patients should be put on ventilator 
based on clinical judgment rather than by 
blood gas reports. It is very common to see the
patient of COPD comfortable at very low p02 
and very high pC02• 

Ventilator setting includes small tidal 
volume, low breath rate (6-8/min) and longer 
expiratory time to allow maximum exhalation. 
These patients have decreased body resistance; 
therefore prone for infection necessitating the 
need for asepsis during any procedure. 

CARBON MONOXIDE POISONING 
Usually defined as carboxyhemoglobin >20% in 
blood. The affinity of carbon monoxide (CO) to 
bind to hemoglobin is 240 times than oxygen; it 
bind to hemoglobin replacing oxygen from there 
producing anemic hypoxia. Moreover, CO shifts 
the 0 2 dissociation curve to left further decreasing 
the oxygen supply to tissues. Levels >30% arc 
associated with neurologic impairment and 
acidosis. 

Treatment 
Half-life of CO at atmospheric air is 214. minutes 
which can be reduced to l hour if 100% oxygen 
is used and can further be reduced to 20 minutes 
with hyperbaric oxygen (2.8 atm.). Based on this
fact, many clinicians reserve hyperbaric oxygen 
only for severe cases; however, number of studies 
have proven better prognosis after hyperbaric 
therapy than normobaric oxygen therapy. 



ACID-BASE MANAGEMENT 
Acid-base disturbances may be respiratory or 
metabolic based on arterial pl I, partial pressure of 
CO2 (pCO2) and bicarbonate levels (HCO3 ). 

Blood Gas Sample 
Arterial sample is taken either from radial artery 
or femoral artery (radial preferred). Sample must 
be taken in heparinized syringe (glass syringe 
preferred over plastic syringe because oxygen 
can diffuse through plastic), all air (even minute 
droplet) should be removed from syringe and 
sample to be sent in ice if immediate analysis is 
not possible. 

Interpretation of Normal Blood Gas 
pH 7.35- 7.45 
pCO2 35-45 mm Hg 
HCO3- 24-26 mEq/ L 
Base deficit -3 to + 3 
SpO2 (oxygen saturation) : 96 to 98% 
(A - a) DO2 (alveolar to 3 to 5 mm Hg 
arterial difference) 

The normal pH is maintained by the normal 
20 : 1 ratio of bicarbonate to carbon dioxide as 
described by Henderson-Hasselbalch equation 
which is: 

- K I HC03 
pH - p + og 0.03 x pCO

2 

So, if this ratio is maintained at 20 : 1 the pH 
may be normal in spire of acid-base imbalances 
or in other words, it can be said that acid-base 
abnormalities have been compensated. 

To compensate or maintain normal ratio any 
increase in pCO2 is associated with increase in 
bicarbonate (bicarbonate retention by kidney) 
and any decrease in pCO2 is associated with 
decrease in bicarbonate (excess excretion of 
bicarbonate by kidneys). 

Diagnostic Approach for Establishing 
the Acid Base Abnormality 
The acid-base disturbances may be respirarory 
acidosis, respiratory alkalosis, metabolic acidosis 
and metabolic alkalosis. 

The problem in interpretation arise when 
more than one abnormality coexist at a time 
e.g. respiratory acidosis in COPD patients may 
be associated with metabolic acidosis due to 
decreased cardiac output (car pulmonale) and 
renal flow. 
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The acid-base disturbances may be acute 
(non-compensated) or chronic (compensated). 

The diagnostic approach is ji.rst see the pll. 
It may be normal, increased or decreased. Then 
see pCO2 it may be again normal, increased or 
decreased. Now see the bicarbonate level this 
may be unchanged, decreased or increased. 1 ow 
interpret as shown in Flow chart 40.l. 

RESPIRATORY ACIDOSIS 
Definition 
It is defined as increase in pCO2 sufficient enough 
to decrease the pll to less than 7.35. 

Causes 
Hypoventilation which may be because of 
overdosage of drugs and anesthetics. 
Disorders of neuromuscular junction effecting 
muscles of respiration. 

• Central depression of CNS. 
• Lung diseases like COPD, etc. 

Excessive CO2 production, e.g. malignant 
hypertherm ia. 
Respiratory acidosis may be associated with 

metabolic alkalosis if there are decreased body 
stores of chloride and potassium. 

Treatment 
• Mechanical ventilation; if pCO2 is high 

(>50 mm Hg). 
Acidosis should be treated slowly. 
Treatment of the underlying cause. 

RESPIRATORY ALKALOSIS 
It is defined as decrease in pCO2 sufficient to 
increase the pH to more than 7.45. 

Causes 
Hyperventilation: This is the usual cause during 
general anesthesia (with hand venti lation 
there is always a tendency to hyperventilate). 
Iatrogenic. 
Pregnancy. 
Salicylate poisoning. 
I lypoxia. 
C S trauma. 

Treatment 
Adjustment of ventilator serting (decrease the 
freque ncy) and increasing the rebreathing 
(i.e. exhaled gases containing CO2). 
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Flow chart 40.1: Diagnostic approach for acid-base abnormality 

Normal pC02 

HC03- is decreased 

pH is decreased (<7.35) 
Look for pC02 

Increased pC02 

Increased HC03-
Decreased or 
normal HC03-

Decreased pC02 

Decreased HC03-

MetaboliCJ Respiratory Respiratory acidosis metabolic
acidosis acidosis Metabolic acidosis cidosis ~----- ~-----~ ~------~ -----~ 

pH is decreased (>7.45) 
Look for pC02 

Increased pC02 Decreased pC02 

Increased HC03-

Increased HC03- Decreased HC0 3-

L Metabolic alkalosis1 Respiratory alkalosis + Metabolic alka§ Respiratory alkalosis 7 
pH is normal (7.35-7.45) 

Look for pC02 

Normal pC02 Increased pC02 Decreased pC02 

Increased HC03- Decreased HC0 3-

No acid-base abnormality I Respiraiory acidosis + Metabolic alkalosis Chronic metabolic acidosis I 
(due to renal disease) and 

chronic respiratory alkalosis 

CO2 inhalation. 
Treat the underlying cause. 

METABOLIC ACIDOSIS 
Defined as decrease in p l I <7.35. 

Causes 
Renal failure. 
Circulatory failure (shock) leading to accumul-
ation of lactic acid. 
Hepatic failure. 

due to p pulmonary disease 

• Diarrhea with loss of bicarbonate. 
Cyanide poisoning. 

Anion Gap 
Also called as unmeasured anion concentration. 

ormally anion gap is constituted by sulfates, 
phosphates, organic acids and plasma proteins. 
Anion gap is mainly constituted by plasma albumin. 

Anion gap = Sodium concentration - (chloride 
+ bicarbonate concentration). 

Normal anion gap = 8-16 mM/ L (average 
12mM/ L). 



Conditions Associated with 
Normal Anion Gap 
Conditions primarily associated with bicarbonate 
loss is accompanied by equivalent rise in chloride 
and hence a normal anion gap. These conditions 
are: 

Diarrhea. 
Enterostomies. 
Renal tubular necrosis, obstructive uropathies, 
chronic pyelonephritis. In these conditions 
kidney primarily loses bicarbonate but 
chloride is retained. 

• Administration of hydrogen or ammonium 
chloride. 
Carbonic anhydrase inhibitors. 

Conditions Associated with 
Increased Anion Gap 

Diabetic ketoacidosis. 
Ketoacidosis associated with starvation. 
Lactic acidosis: This is the most common cause 
of metabolic acidosis in anaesthesia and is due 
to tissue hypoxia. 
Salicylate poisoning. 
Methanol and ethylene glycol poisoning. 
Renal failure, leading to decreased excretion 
of acid, phosphates and sulfates. 

Conditions Associated with 
Decreased Anion Gap 

Hypoalbuminemia. 
Multiple myeloma. 

Treatment of Metabolic Acidosis 
Sodium bicarbonate: 
Dose can be calculated by formula: 
Sodium bicarbonate (mEq) = 0.3 x bodyweight 
x base deficit. 
Half of the calculated dose is to be given 
immediately and the remaining dose only 
after gening the next blood gas analysis report. 
Jt is mandatory to have adequate ventilation 
before giving sodium bicarbonate because 
sodium bicarbonate produces carbon dioxide 
on metabolism (1 mEq produces 180 mL of 
CO2) and can worsen the acidosis. Another 
problem with sodium bicarbonate is its 
hypertonicity (6 times more than plasma) 
which can result in hypernatremia and 
hyperosmolarity. 
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Other buffers: 
Carbicarb (sodium bicarbonate+ sodium 
carbonate): It is a non CO2 generating 
alternative to sodium bicarbonate but 
cl inical studies are lacking. 
THAM: Non-sodium containing com-
pound. 

Treat the underlying cause. 

METABOLIC ALKALOSIS 
Defined as pH >7.45. 

Causes 
Vomiting. 
Ryle's tube aspiration (loss of HCI). 
Diuretics. 

• Hypovolemia. 
Diarrhea with loss of chloride. 
Iatrogenic. 

Treatment 
Treat the underlying cause. 
IV infusion of ammonium chloride or 0.1 N 
hydrochloric acid (not more than 0.2 mEq/ 
kg/hr). 
For summary of findings of acid t base

disturbances see Table 40.2. 

• Table 40.2: Summary of findings of acid base 
disturbances 

Abnormality pH 
Respiratory acidosis 

Acute (noncompensated) -!.v iii i 
Chronic (compensated) J. "i" iA 

Respiratory Alkalosis 
J, I I J. Acute (noncompensated) ... 'I" .., .., 

Chronic (compensated) 01 ... J,.., ... ! 
normal 

Abnormality pH pCO2 HCO3-

Metabolic dcidos,s 
Acute (noncompensatedl VJ. V J, J..,, V 
Chronic (compen~ted) I -., J, V V 

Metabolic alkalosis 
Acute (noncompensated) ... i ,._ Ai ii' 
Chronic (compensated) ... i ,._ i tt~ 

Abbreviations: it t, marked increase;".., L, marked 
decrease;" i, moderate increase; J. "• moderate 
decrease;~. mild increase; J., mild decrease. 
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KEY POINTS 
• Oxygen rherapy Is helpful in improving oxygen saturation in al types of hypoxia except histotoxic hypoxia. 
• Ventilatory breath may be volume controlled or pressure controlled. 
• The chief advantage of volume controlled ventilation Is decreased chances of hypoventilarion and chief 

disadvantage is increased chances of barotrauma. 
• The chief advantage of pressure conrroiled ventilation is less chances of barotrauma while main disadvantage 

is increased possibility of hypoventilation. 
• Pressure regulated volume control (PRVC) can be considered as mode of choice for ventilarion in current day 

critical care practice. 
• Ideal PEEP is the PEEP which maintain oxygen saturation >90% without decreas'ng the cardiac output 

significantly. Usually, it is between 5 12 cm H2O
• Leakage is the major problem during NIPPV. 
• It Is possible to wean patient In any mode of ventilation except conrroI mode ventilation. 
• The most common source of nosocomia infections in ICU are urinary tract infections. 
• majority of nosocom1al infections in ICU are caused by gram-negative organisms. 
• Positing head at 30 degrees proves to be simplest and most cost effective method to decrease ventilator 

associated pneumonia. 
• Current guidelines for hemorrhagic shock are in favor of hypotensive resuscitarion which means maintain,ng 

SBP between 80-100 mm Hg and MAP between 60 65 mm Hg. 
• Correction of coagulopathy called as hemostatic resuscitation is of utmost mportance in hemorrhagic shock. 
• The concept of hypotensive and hemostat1c resuscitation is called as balanced resuscitation 
• Modified shock index (MSI). ratio of heart rate to mean blood pressure (MAP) is considered as better pred,ctor 

of outcome in shock then shock index. 
• Mixed venous oxygen saturation Is overall the best guide to assess tissue perfusion while urine output is 

considered as best clinical guide to assess tissue perfusion. 
• Stroke volume variation ,s considered as most reliable to assess fluid status and titrate fluid therapy. 
• Crystalloids are preferred over colloids for shock and Ringer is the most preferred crystalloid. 
• PhenyIephr1ne is the vasopressor of choice for neurogenic shock. ephedrine for spinal shock and nor-

epinephrine for sept1Cemic shock. 
• Metabolic acidosis due to shock should be treated by fluids and vasopressors not by soda bicarbonate unless 

severe (pH <7 15) 
• Enteral route is always preferred over parenteral route for nutrition. 
• Subclavian is vein of choice for parenteral nutrition. 
• Out of the total energy required 60-70% should be provided by carbohydrates (dextrose) and 30- 40% by fats. 

Amino acids are given as supplement, never as a substrate for source of energy. 
• Sepsis is the leading cause of death in ICU. 
• New studies do nor recommended tight glycemic control in septicemia. 
• Low pO2, decreased functional residual capacity (FRC) and decreased static compliance of lungs are the 

hallmark of ARDS while pCO2 may be low. normal or high. 
• Low tidal volume (6 ml/kg), airway plateau pressure< 30 cm H2O and low FiO2 (<0.5) are the key 111 the 

management of ARDS. 
• Extracorporeal membrane oxygenation (ECMO) should be instituted early for refractory ARDS. 
• In current day practice the use of recruitment measures, prone pos,tion. inhaled nitric oxide and muscle 

relaxants are reserved for refractory ARDS. 
• For COPD patients it is necessary to keep the low flows (1 2 Umin) of oxygen to preserve hypoxic 

drive. 
• Maintaining oxygenation by non-invasive positive pressure ventilation (NIPPV) with CPAP/BIPAP should be the 

prime goal in COPD patients. 
• Ventilator setting forCOPD patients includes small tidal volume, low breath rate (6-8/min.) and longer expiratory 

time to allow maximum exhalation. 
• Lactic acidosis is the most common cause of metabolic acidosis in anesthesia and is due to tissue hypoxia 
• Soda bicarbonate should be used to treat only severe acidosis (pH <7.15). 



CHAPTER 41 
Cardiopulmonary and Cerebral 

Resuscitation 

Cardiopulmonary resuscitation (CPR) nowa-
day is called as cardiopulmonary and cerebral 
resuscitation (CPCR). 
Cardiac arrest is defined as "inability of heart 
to produce effective cardiac output, impairing 
tissue perfusion''. 
Cardiac arrest may be of cardiac origin or non 
cardiac; in adults is usually of cardiac origin 
and in children it is usually of respiratory 
origin. 
Cardiac arrest may be witnessed (monitored) 
or unwitnessed (unmonitored). It may be 
inside hospital (IHCA) or outside hospital 
(01 ICA). Unwitnessed cardiac arresl in adults 
should be considered due to ventricular 
fibrillation until proved otherwise and in 
children should be considered due to asystole 
until proved otherwise. 
Rhythms in cardiac arrest: The following three 
rhythms are seen in cardiac arrest: 
1. Ventricular fibrillation (and pulseless 

ventricular tachycardia}: More common in 
adults 

2. Asystole: More common in children. 
3. Pulseless electrical activity (PEA) 

MANAGEMENT OF CPCR 
Management guidelines are based on the recent 
recommendation (2015) by American Heart 
Association (AHA) and Emergency Cardio-
vascular Care (ECC) with International Liaison 
Committee on Resuscitation (ILCOR). 

AHA and ECC have given 4 link chain of survival: 
l. Early recognition and activation of emergency 

medical services. 

2. lmmediate CPR (every minute delay decreases 
prognosis by 7- 10%). 

3. Early shock (CPR + shock within 5 minutes 
has survival rate of 49-75%). 

4. Early advanced life support. 

Management of CPR is done under three heads : 
l. Basic life support (BLS) 
2. Advanced cardiovascular life support (ACLS) 
3. Post cardiac arrest care. 

Whether the CPR is provided by BLS or ACLS 
the p rimary focus is the m anagement of a irway, 
breathing, circulation and early defibrillation. 
The standard age long sequence of A (Airway) 
• B (Brea thing) • C (Circulation) was changed 
to C • A • B in 2010 CPR guidelines, which 
means the rescuer will first give 30 compressions 
in approximately 18 seconds before proceeding to 
airway and breathing. The reasons for this change 
are: 

i. There is enough oxygen present in blood 
which just needs to be pushed to vital struc-
tures like heart a nd brain with ca rdiac 
compressions. 

ii. Studies have shown that it takes around 18- 20 
seconds to assemble equipment for airway 
management, during which time the rescuer 
can start compressions while assistants can 
prepare equipment for airway management. 

BASIC LIFE SUPPORT (TABLE 41 .1 AND 
FLOW CHART 41.1) 
Basic life support (BLS) as the name suggests can 
be employed with minimal or no instrum ents 
therefore is more suitable for outside hospital CPR 
provided by lay rescuers and paramedics or as an 
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• Table 41.1: Differences between BLS and ACLS ,,.,,.... lloslclllel&lflPOtt Adwmced 
cardiovascular life 
support 

Airway Manual With equipment 
management 
Breathing Bag and mask/ Advanced 

mouth to mouth methods like 
endotracheal tube, 
LMA, combltube or 
tracheostomy tube 

Circulation Cardiac massage Cardiac massage 
Defibrillation Automatic external Manual 

defibrillator defibrillator 
Drugs + 

immediate step to start CPR in in-hospital cardiac 
arrests till advance life support arrives. 
Basic life support includes: 

Airway management by manual methods. 
Rescue breathing by bag and mask or mouth to 
mouth. Mouth to mouth is recommended only 
for trained personal. 
Circulation by cardiac massage. 
De.fibrillation by automatic external defibril-
lator (AED): AED are the devices which auto-
matically detect the rhythm and give shock if 
rhythm is shockable. Since AED can be used 
by lay rescuer, they are the part of basic life 
support. As AED are meant for public use 
they are now better known as public assess 
defibril lators (PAD); like west they sh ou ld 
ideally be present at all public locations like 
airports, railway stations, bus stations, etc. 

ADVANCED CARDIOVASCULAR LIFE 
SUPPORT (ACLS) 
ALS is usually employed in continuation of BLS 
however sometimes in monitored in-hospital 
arrest (particularly in ICU) CPR can direc1ly be 
started with ALS. 

Advanced life support includes: 
I. Ai rway manageme nt by e quipment like 

Guedel's airway, laryngeal mask airway or 
endotracheal tube. 

2. Breathing by advanced methods, i.e. endo-
tracheal tube, laryngeal mask, combitube or 
tracheostomy. 

3. Circulation by cardiac massage. 

4. Dejibrillation by manual defibrillators: In 
manual d efibrillators, rescuer has to detect 
rhythm, select energy and give shock therefore, 
can be used only by medical personnel and 
hence is a part of advance life support. 

5. Drugs: can be used only in hospital set up by 
medical personal therefore are the parts of 
ALS. 

AIRWAY MANAGEMENT 
Interestingly, as per the newer studies epiglottis, 
rather than tongue fall, has been found to be the 
more important cause of airway obstruction in 
unconscious patient. Howe,er, tongue falling back 
o n posterior pharyngeal still plays a very important 
role in airway obstruction. 

This tongue/ epiglottis fall can be managed by: 
Manually: l l1is includes: 

Open mouth and clear airways (if 
something is clearly visible in oral cavity). 
Tilt head backwards (i.e. neck extension) 
and chin lift. 

- Jaw thrust, i.e. mandible is pulled forward. 
• In patients wi th suspected cervical 

spine fracture head tilt and chin 
lift should be avoided and airway 
should be managed only by jaw thrust 
however if airway is not manageable
by jaw thrust alone then head till and 
chin lift can be given because life takes 
the priority over cervical spine. 

Airway insertion: Most commonly used 
in Guedel airway. Others are Safar, 
nasopharyngeal and laryngeal mask airway 
(LMA) 
Endotracheal lube: It is the most definitive 
method to maintain airway. 

Management of Airway Obstruction due 
to Foreign Body 

Infant chest thrust: 4 blows given on sternum 
w ith thrust by heel of hand between the 
shoulders. 
Back blows: 4 blows on the middle of back. 
Back blows are a lso performed for infants if 
sternal thrusts do not work. 
Heimlich maneuver: Manual thrust ,vith the 
patient standing, rescuer behind the patient 
and compressing the abdomen 6-10 times. 
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Flow chart 41 .1: Algorithm showing basic life support (BLS) 

Assess scene safety for victim as well as rescuer (e.g. shift the 
patient away from fire, collapsing building or middle of the road) 

+ 
Assess responsiveness (by shaking and shouting) 

+ 
If the victim is unresponsive 

+ 
• Shout for help 
• Activate emergency medical services (EMS)/emergency response team via mobile (if available) or ask 
someone to activate EMS 

+ 
Assess breathing (by scanning the chest movements) and palpate pulse (carotids) simultaneously° 

+ 
• Activate EMS via mobile or ask someone to activate EMS (if not done before). If you are alone with no 

mobile then leave the victim there and go to activate EMS before starting CPRb 

I 
+ + + 

If breathing and pulse present Pulse present but no No breathing (or only gasping) 

+ breathing (or only gasping) and no pulse 

Wait and monitor till EMS arrives + + 
• Provide rescue breathing at a Immediately start CPR 
rate of 10-12 breaths/minute beginning with 30 compressions 
( 1 breath every 5-6 seconds) followed by 2 rescue breaths (if 

• Activate EMS (if not already trained) or continue with only 
done}° cardiac compressions 
- Continue rescue breathing (if untrained) 

and keep on checking pulse + every 2 minutes. If no pulse, Continue CPR till defibrillator or immediately start CPR emergency team arrives - If opioid overdose is + suspected administer 
intranasal naloxone 1f AED arrives 
available + Check rhythm 

+ 
I i 

Shockable Non-shockable 

+ + Manage like Manage like 
shockable non-shockable 

a. Breathing and pulse check should not take more than 1 O seconds. 
b. In an adult victim, the cause of cardiac arrest should be considered ventricular fibrillation unti l proved otherwise 

therefore arranging defibrillator before starting CPR is must. 
c. Note that new guidelines allow activation of EMS at any step. 
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This method is used for adults and older 
ch ildren. 
Chest thrust (manual compression over lower 
sternum): Employed in very obese or pregnant 
patient where abdominal compression is not 
possible. 
Finger sweep method: Possible in unconscious 
patients only. 
Cricothyroiclotomy: As a life saving procedure 
to secure airway. 
Ai rway obstruction due to other causes 
like laryngeal edema, acute epiglorritis and 
laryngo-tracheobronchitis where intubation is 
not possib le, may require tracheostomy. 

BREATHING (VENTILATION) 
Breathing can be accomplished by: 

Mouth to mouth/ mouth to nose: Rescue 
breath by mouth to mouth or mouth to nose is 
reserved only for trained rescuers (medical as 
well as non-medical). It is neither expected 
nor warranted for untrained lay rescuer; for 
untrained lay rescuer CPR means "hands only" 
i.e. only cardiac massage. 
Bag and mask: The major disadvantage of bag 
and mask ventilation are: 

Exhausting. 
Increased dead space. 

- Increased chances of aspiration. 
Ventilation by advanced methods: 

Endotracheal tube: Intubation is the most 
definitive and best method for venlilation. 
Laryngeal mask airway. 
Combitube. 

- Tracheostomy-other than endotracheal 
intubation, the o nly other definit ive 
method of ventilation is tracheostomy. 

AIRWAY AND BREATHING FOR PATIENTS 
WITH CERVICAL SPINE 
For patienls with cervical spine fractures intubation 
should be pe1formed with neck in neutral position 
and only after stabilization. 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. 

Studies have shown more harm than benefit 
with cervical collars therefore routine application 
of cervical collars by fi rst aid providers is not 

recommended. If cervical spine inju ry is suspected 
then ensure that patient remains still as far as 
possible (for detailed management of patients with 
cervical spine see Chapter 5, page nos. 55 and 56). 

CIRCULATION 
This is accomplished by cardiac massage. 

Method (Fig. 41 .1) 
It is done with patient in supine position however 
in very rare cases, where supine position is not 
possible it can be done in prone position too. The 
rescuer stand (or bend on knee if the victim is on 
floor) on side (usually right side), lock one hand 
over other and provide compression over the 
lower third of sternum (2 fingers above xiphoid 
process). The victim must lie on hard surface an d 
rescuer should exert pressure through shoulders 
(elbow should remain straigh t). 

The force generated during massage should 
be able to depress sternum by 2 inches (5 cm) 
but not more than 2.4 inches (6 cm) to avoid 
complications due to excessive pressure. 

During cardiac massage compression relaxa-
tion (chest to recoil) should be equal. To allow full 

Fig. 41.1 : Cardiac massage (note the extension at elbow, 
pressure exerted from shoulder). Patient should lie flat on 
hard surface 



recoil the rescuer must not lean (a very common 
practice) on patient chest between compressions. 

The rate of compression should be 100- 120 
compressions/ minute but not more than 120 
because studies have shown that at compression 
rate more than 120/ min, compression depth 
decreases significantly. No intervention (intu-
bation, pulse check) should stop cardiac massage 
for > l O seconds. 

Physiological Considerations of 
Cardiac Massage 
Heart compressed between sternum and spine 
results in ejection of blood from heart (cardiac 
pump theory) however another convincing 
theory is thoracic pump theory which states that 
cardiac compression raises intrathoracic pressure 
forcing blood out of chest a nd dynamic venous 
compression preventing backward flow, heart 
acting only as a passive conduit. 

Effective cardiac output generated by successful 
massage is only 30% of normal therefore all efforts 
should be directed to establish sp ontaneous 
circulation. 

COMPRESSION (C) TO VENTILATION (V) 
RATIO 
Without advanced airway (i.e. ventilation with 
mouth to mouth or bag and mask}, the ratio should 
be 30:2 (30 compressions followed by 2 breaths} 
irrespective of number of resuscitators. With 
advanced airway (intubation, LMA) compression 
will be continued at a rate of J 00- 120 compressions/ 
minute and breathing at a rate of 10 breaths/ 
minute (1 breath after every 6 second) without any 
synchronization, i.e. no pause for ventilation. The 
aim is uninterrupted compressions. 

If there are 2 rescuers they should rotate with
each other after 2 minutes (or 5 cycles of 30:2) to 
avoid fatigue ofone person providing compression. 

MONITORING OF CPR 
Capnography: Capnography is the simplest 
and highly re liable method to see the 
effectiveness of CPR. Successful cardiac 
massage should be able lo produce ETCO2 of at 
least 20 mm /-Lg. IfETCO2 is less than 10 111111 Hg 
then card iac massage should be considered 
grossly abnormal. ETCO2 becoming normal 
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( 40 mm Hg) is the earliest indicator of return of 
normal circulation. 

In the current day CPR Capnography is 
considered essential not only to confirm the 
position of endorracheal tube but also to 
assess the performance of CPR. 
Diastolic blood pressure (intra-arterial): 
Diastolic blood pressure <20 mm Hg in dicates 
grossly abnormal CPR. 
Venous oxygen saturation: CPR sho uld be 
considered ineffective if it is not able to 
produce oxygen saturation of at least 30% in 
venous blood (normal is 75%). 
Audiovisual f eedback devices: These devices 
provide real-time monitoring and feedback of 
quali ry of CPR however currently they are used 
only during training sessions. 

MANAGEMENT OF ARRHYTHMIAS SEEN 
DURING CARDIAC ARREST 
One of the most important parts of ACLS is 
arrhythmia management. 

Arrhythmias seen during cardiac arrest have 
been divided into shockable rhythms {which 
include ventricular fib rillation, pulseless ventri-
cular tachycardia and polymorphic ventricular 
tachycardia i.e. torsade pointes) and non-
shockable rhythms (which include asystole and 
pulseless electrical activity). 

Management of Shockable Rhythms 
(Flow Chart 41.2} 
(Ventricular fibrillation, pulseless ventricular 
tachycardia and poly morphic ventricular 
tachycardia). 

Defibril/ation 
Defibrillation is done for ventricular fibrillation, 
pulseless ventricular tachycardia and polymorphic 
ventricular tachycardia. Defibrillators have been 
classified as monophasic (delivers current of one 
polariry only) and biphasic {delivers current of 
two polarities). Although studies have not proven 
clear cut superiori ty of biphasic defibrillators still 
majority of defibrilla tors manufactured today 
are biphasic. A defibri llator may be manual or 
automatic (AED). 

Defibrillation shoul d be done as soon as 
the defibrillator is ready. Ideally, in monitored 



• SECTION 9: Cardiorespiratory Care 

pa tien ts defibri llation should be done within 
3 minutes. 

Pos ition of d efibrill a t io n pa ddles: The ide al 
position would be like that the heart is sandwiched 
between paddles, i.e. one is placed anteriorly at the 
precordial region and second posteriorly however 
this is nor possible because the patient lies supine 
therefore one paddle (sternal paddle) is placed 
right in fraclavicular and second (apex paddle) 
over precordium. Paddle should be applied with 
p ressure equivalent to 10 kg. Defibrillation pads in 
patients with intra- cardiac devices (ICD) should 
be away from !CD device. 

Paddle size: 
For adults: 13 cm. 
For children: 8 cm. 
For infants: 4.5 cm. 

Latest recommenda tions for energy selection 
and shock protocol: 
• With monophasic defibrillators all shocks 

should be of 360 Joules (/). With biphasic 
defibrillators, the shock energy should be 
150-200 I (if exponential wavefo rm is used) 

or 120 f (if rectilinear waveform is used). The 
clinician should go b y the manufacturer's 
recommendation. 
Immediately after giving shock give 5 cycles of 
30:2 (without advanced airway or 2 minutes of 
CPR (with advanced airway) before checking 
rhythm. The rationale for this recommenda tion 
is that it actually takes around 2 minutes for 
heart to generate cardiac output even if rhythm 
becomes sinus therefore CPR during these 
2 minutes is required to maintain coronary 
and cerebral perfusion. Or in simple words 
it can be said that end point to stop CPR is 
the return of spontaneous circulation (ROSC} 
as essed by palpating carotids, not the rhythm 
even if it is sinus. 

MANAGEMENT OF NONSHOCKABLE 
RHYTHMS (FLOW CHART 41.3) 
(Asysto/e, pulseless electrical activity} 

Pulseles s Electrica l Activity (PEA) 
PEA used to be called as e lectromechanical 
dissociation (EMO). As the name suggests, PEA is 

Flow chart 41.2: Algorithm showing shockable rhythms 

CPR in progress 

Defibrillator arrives 

Check rhythm (AED itself check rhythm) 

Shockable (VF, pulseless VT) 

1. Give one shock (360 J with monophasic 
or 150-200 J with biphasic) 

Non-shockable (asystole, PEA) 

Manage like non-shockable 

Continue CPR for 2 min (or 5 cycles of 30:2 if airway is still not maintained by advance airway) 

Check rythm 

Recovered" Still-shockable Rhythm becomes non-shockable 

Stop CPR Shockable 

Contd ... 
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Contd ... 

2. Continue CPR · 
Give adrenaline (1 :10,000) 1 mg IV, endotracheal or intraosseous 

Give shock 

Continue CPR for 2 minutes 

Recovered 

3. Continue CPR 
Repeat adrenaline d 

Check rhythm 

SUll-shockable 

Give shock 

Continue CPR for 2 m,nutes 

Check rhythm 

Recovered Still-shockabte 

4 . Conltnue CPR 

Non-srockable 

Non-shockable 

Proceed like non-shockable 

Proceed like non-shockable 

Give amiodarone/ lignocaine (if amiodarone not available)/magnesium sulfate for polymorphic VT 

G,ve shock• 

Continue CPR for 2 minutes 

Check rhythm 

Recovered Shockable 

'Go back to stage 2 and continue 
same protocol 

Non-shockable 

Treat like 
non-shockable 

Abbreviations: VF, ventricular fibrillation; VT, ventricular tachycardia; PEA, pulseless electrical activity 
a. Recovered means return of spontaneous circulation (ROSC) as judged by palpation of carotid pulse or return of 

normal end tidal CO2 
b. CPR should be resumed immediately after defibrillation (gap should not be more than 1 O second s) 
c. Consider intubation and putting IN line at this stage. Defibrillation takes the priority; intubation and IV access should 

not delay defibri llation if ventilation can be achieved by bag and mask. In fact, there have been many instances where 
patient recovers with first shock avoiding the intubation. 

d. Vasopressin, which was given after 1st dose of adrenaline has been, removed from 2015 CPR guidelines. 
e. Defibrillation should be attempted 2 minutes after epinephrine and amiodarone injection. 
f. Consider termination of efforts if no response for 20 minutes 
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Flow chart 41.3: Algorithm showing management of nonshockable rhythms 

CPR in progress 

Defibrillator arrives 

Check rhythm (AED, itself check rhythm) 

Shockable Not shockable 

Continue CPR <Manage like shockable I 
Consider treatment of possible causes (SH and ST) 
Adrenaline 1 mg IV/ I0 /ET 

! 
Continue CPR 
Keep on repeating adrenaline every 2-3 minutesa. b 
Keep on checking rhythm and carotids every 2- 3 minutes 

! 
No response for 20 minutes 

! 
Consider termination of efforts 

Abbreviations: IV, intravenous; 10 , intraosseus; ET. endotracheal 
a. Vasopressin, which was g iven after 1st dose of adrenaline has been removed from 2015 CPR guidelines. 
b. Atropine has already been removed in 2010 guidelines. 

the condition in which peripheral pulses are not 
palpable but heart shows some electrical activity 
on ECG other than ventricula r tachycardia and 
ventricular fibrillation. Most common electrical 
activity seen is idioventricula r rhythm or bradya-
systole. 

Causes 
The causes of PEA have been divided into SH and 
ST. 

SH 
i. Hypovolemia: Hy povolemia (shock) is the 

most common cause of PEA 
ii. Hypokalemia/ hyperkalemia 
iii. Hypothermia 
iv. Hypoxia 
v. Hydrogen ion (acidosis) 

5T 
i. Tension Pneumothorax 
ii. Tamponade (cardiac) 

iii. Thrombosis (coronary, pulmonary) 
iv. Tablets (drug overdoses)/ toxins (accidental) 
v. Trauma 

Asystole 
Asystole is the terminal event of all arrhythmias. 
The prognosis of asystole is ve ry poor as compared 
to PEA and ventricular fibrillation. 

NEWER TECHNIQUES/VARIATIONS 
INCPR 

Im pedance threshold device (TTD) and chest 
compression devices (CCD): the routine use of 
ITO and CCD is not recommended. 



Extracorporeal CPR (ECPR): It means initiation 
of extracorporeal circulation and oxygenarion. 
ECPR provides circularion and oxygenation till 
the cause of cardiac arrest is reversed. 
Simultaneous abdominal compression: Limits 
caudal movemen t of diaphragm and limits 
dissipation of intrathoracic pressure however 
is hardly used . 
Cough CPR: It is applicable to a conscious 
patient having VF. If a patient coughs during 
VF, increase in intrathoracic pressure can 
maintain cerebral perfusion (i.e. conscious-
ness) for 90 seconds therefore ask these 
patients lo cough every J-3 sec till he/ she is 
defibrillated. 
Delayed ventilation: Studies have shown 
improved survival and neurologic recovery 
in witnessed cardiac arrest with shockable 
rhythm if continuous 200 compressions with 
interposed shocks are given without providing 
ventilation; oxygen is delivered by passive 
insufflation. This study obviously endorses 
the role of "hands only" CPR for un trained lay 
rescuers. 
Steroids and vasopressin: The routine use of 
steroids and vasopressin is not recommended 
in present day CPR, nonetheless they can be 
considered for special circumstances along 
with adrenaline where standard CPR is failing 
to revive the patient. 
Intravenous lipid emulsion (ILE): Not only 
for local anesthetic toxicity, IL E is now 
recommended empirical ly for cardiac arrest 
caused by other drugs and not responding to 
standard CPR. 
Empiric naloxone: Administration of IM or 
Intranasal (IN) aloxone is recommended 
empirically to patients having suspected opioid 
poisoning (no breathing, pulses present) by 
health care as well as trained lay rescuers. 

POSTCARDIAC ARREST CARE 
Postcardiac arrest care is required for the 
patients who had survived the cardiac arrest. 
It includes: 

Optimization of circulation: The aim should 
be to maintain systolic blood pressure >90 mm 
Hg and mean arterial pressure> 65 mm Hg. 
Optimization of ventilation: Hyperoxia can 
produce complications including ARDS 
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therefore use minimum FiO2 which maintains 
target SPO2 between 94 and 98%. 
Targeted temperature management (TTM): 
Induced hypothermia after cardiac arrest 
is now called as TIM. As hypothermia is 
the only recommended method for brain 
protection TTM is applied to the pa tients 
who had survived the cardiac arrest but are 
comatose. TTMmeans maintaining core body 
temperature for 32-36°/or 24 hours. 

• Moderate glycemic control: Both hypoglycemia 
and hyperglycemia are unacceptable therefore 
moderate blood sugar (144-180 mg/ dL or 
8-10 mmol) should be maintained in post-
resuscitation period. 
Early percutaneous coronary intervention 
(PC/): Emergency (preferably within 90 
minute) coronary angiography/ angioplasty 
is recommended for a ll patients with ST 
elevation myocardial infarction (STEM!) and 
for hemodynamically unstable Ml without ST 
elevation (Non-STEM I). However, if the center 
is not equipped to do PCI then patient should 
be transferred to PCI center preferably within 
3- 6 hours after medical management. 
Early prognostication of neurologic outcome: 
Prognostica tion is recommended 72 hours 
after return of spontaneous circulation for 
those who have not been given TTM. For 
those who have received TIM prognostication 
should be done 72 hours after the completion 
ofITM. 
All patients who progress to brain dea th 
should be considered potential organ donors 
and their relatives must be counseled for organ 
donations. 
Lignocaine or Amiodarone infusion is recom-
mended to prevent the recurrence of VT. 

PEDIATRIC CPR (EXCLUDING NEWBORN) 
Age classification (From CPR point of view) 

Neonate: First 4 weeks after birth. 
Infant. 4 weeks to 1 year. 
Child: l year till puberty 
Adult. Beyond puberty. 

Differences from Adults 
Difference in BLS algorithm: 

For single rescuer: 
After assessing consciousness activate 
EMS via mobile however if activation 
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via mobile is not possible then assess 
breathing and circulation and if absent 
then give 5 cycles of CPR (30:2) before 
going to activate EMS (contrary to 
adults where activation of EMS is done 
before starting CPR). The reason for this 
difference in a lgorithm sequence is that 
the cause of cardiac arrest in child ren 
should be considered asystole un til 
proved otherwise therefore rescuer is not 
in that hurry to get AED. 
For 2 rescuers: 
Activation of EMS and CPR can go hand 
in hand; one person can activate EMS 
while second can continue with CPR. 

For witnessed cardiac arrest if the cause 
is ventricular fibrillation or pulseless VT 
then algorithm sequence remains same 
as that of adult. 

Cardiac arrest in children is usually 
asphyxia! (respiratory) therefore there lies 
the great value of rescue breaths however 
untrained layman can continue with 
"hands only CPR''. 

Ratio of compression to breathing: Ratio of 
compression to ventilation without advanced 
airway is 30:2 for one rescuer and 15:2 for 2 
rescuers (While for adults it is 30:2 irrespective 
of rescuers). With advanced airway in place 
compression and breathing rate remain same 
for all ages, i.e. 100- 120 compressions and 10 
breaths/minute without any synchronization. 
If the re is only respiratory arrest (no cardiac 
arrest, pulses are palpable) then give breath at 
a rate of 12-20/min (Adults 10- 12/ min). 
Pulse check: 
- Infants: Brachial/ Femoral. 

Children: Carotid. 
- Adult: Carotid/ Femoral. 

Cuffed endotracheal tubes can be used in 
pediatric patients; nonetheless a leak must be 
maintained around the cuff (inflated or not 
inflated) al a pressure of more than 15-20 cm 
H20 . 
lleart rate <60/ min with signs of poor 
perfusion (pallor/ cyanosis) is the indication 
to start chest compressions in pediatric age 
group. 
Advanced cardiac life support protocol for 
pediatric patient remains same with some 
notable difference like: 

Energy selection for shock (manual) is 
2 J/ kg for first shock and 4 J/kg sub-
sequently. If AED is used it automatically 
select energy and do attenuation 
accordlingly. Pediatric AED are only 
recommended for children< 8 years (or 
<25 kg). Children > 8 years(> 25 kg) should 
be de.fibrillated with adult defibrillators. 
For infants, manual defibrillators should 
be preferred over AED 

- Endo tracheal concentration of adrenaline 
for adults is 1:10,000 while for pediatric 
age group it is 1: 1000. 

Targeted temperature managem ent: 
For comatose children resuscitated after 
outside hospital cardiac arrest normothermia 
(36°C to 37.5°C) for 5 days or hypothermia (32°C 
to 34°C) for 2 days followed by normothermia 
for 3 days is recommended. For in-hospital 
cardiac arrests maintaining normothermia for 
5 days is advocated. 
Systolic blood pressure should be maintained 
above the fifth percentile for age in post cardiac 
arrest care. 
Maintain normoxia-both hypoxia and hype-
roxia are detrimental. 

NEWBORN CPR 
The detailed discussion of newborn CPR is beyond 
the scope of this book however some of the 
notable points are: 
• Rate or ventilation (breathing) is 40-60 

breaths/ min (if only ventilation is given). 
Indication of chest compression is HR (heart 
rate) < 60/ rnin in spite of adequate ventilation 
with 100% oxygen for 30 seconds. 
The primary measure for successful ventilation 
is increase in heart rate. 
2 thumbs with encircled chest is preferred 
method for compression over only 2 thumb 
technique. 
Compression ventilation ratio is 3:1 (90 com-
pressions with 30 breaths) and synchronized. 
Reassessment to be made every 30 sec and 
continue compression till I IR >60/min. 
Adrenaline indicated iflIR <60/ min. 
Preterm babies s hould receive FiO2 of 
21- 30%. 
Stop resuscitation if no signs of life after LO 
minutes. 



CPR IN PREGNANCY 
Studies have shown that la te ra l tilt com-
promises the quality of CPR therefore lateral 
lilt has been eliminated fro m new CPR 
guidelines and aortocaval compression should 
be achieved by uterine displacement. 
Sodiu m bicarbonate adm inistration is 
advocated early. 
Early insert ion of endotracheal tube is 
recommended to prevent aspiration. During 
mask ventilation cricoid pressure should 
be applied con tinuously till the patient is 
intubated. 
Pregnant patients are more prone for hypoxia 
therefore use of high Fi02 is recommended. 
Emergency LSCS (cesarean section) should be 
considered if fetus >25 week and LSCS can be 
performed within 4 minutes of maternal arrest. 

OPEN CHEST MASSAGE 
Indications arc: 

Cardiac tamponade. 
Penetrating blunt trauma. 
Air embolism. 
Arrest during intrathoracic procedures. 
Chest deformities. 

COMPLICATIONS OF CPR 
• Rib fracture. 

Pneumolhorax. 
Pneumopericardium. 
Pneumomediastimun. 
Injury to diaphragm. 
Gastric injury. 
Lung injury. 
Injury to major vessels particularly by fractured 
rib. 
Injury to abdominal organs: Liver, spleen and 
stomach. 

OUTCOME OF CPR 
Outcome depends on the cause, time of initiation 
of CPR and duration for which CPR is performed. 
Survival is better, if basic life support (BLS) is 
initiated with in 4 minutes of arrest, ALS within 
8 minutes and CPR time is less than 30 minutes. 

Fortunately most common cause of cardiac 
arrest is ventricular fibrillation which if detected 
in time can have 50 to 60% success rate. Average 
survival rate of in- hospital arrest is 8 to 21 %. 
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IMPORTANT CONSIDERATIONS IN CPR 
lnt ravascular Access 
Any peripheral or central vein can be chosen 
for IV access. Subclavian is the most p referred 
central vein in emergency si tuations. In case of 
non-availability of intravascular access other 
routes which can be utiJized are intraosseous and 
endotracheal. 

lntraosseous (10) 
As per the current guidelines intraosseous route is 
recommended for all ages (previously employed 
only for children < 6 years), anything can be given 
(even blood transfusion) and is preferred over 
endotracheal route. A 16 or 18 G needle is inserted 
over anterior surface of tibia 2- 3 cm below the 
tibial tuberosity. The drug/fluid is injected directly 
in medullary cavity. 

Endotracheal (ET) 
Rates of absorption of drug from endotracheal 
route are a lmost similar to intravenous route. 
Drugs which can be delivered by ET route are: 

Adrenaline 
Atropine 
Lignocaine (Xylocard) 
Naloxone. 
The dose by endotracheal route is 2.5 times of 

intravenous dose and the drug should be diluted 
with 10 mL of sa line in adults and 5 mL in children. 

Fluid During CPR 
Glucose containing solutions should not be used 
as hyperglycemia increases cerebral edema. Ringer 
lactate should be avoided as calcium present in 
ringer lactate can cause neuronal injury. Therefore, 
fluid of choice during CPR is normal saline. 

lntracardiac Adrenaline 
This route offer no advantage rather injection in 
myocardiu m can cause significant myocardial 
injury therefore adrenaline by intracardiac route 
is contraindicated in present day CPR. 

Calcium 
Calcium as a routine is contraindicated in CPR 
because excess calcium worsens cellular death. 
Calcium is only recommended if cardiac arrest 
is due to hypocalcemia, h yperkalemia and over 
dosage of calcium channel blocker . 
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Use of Sodium Bicarbonate 
Use of sodium bicarbonate without proven acido-
sis on blood gas analysis do more harm than 
benefit due to the following reasons: 

Sodium bicarbonate on metabolism produces 
carbon dioxide which can change cerebral pH 
and can worsen the neuronal injury. 
Excess CO2 increases the intracranial tension. 
Diffusion of CO2 into cell can worsen intra-
cellular acidosis (paradoxical acidosis). 
Sodium bicarbonate is hypertonic therefore 
can increase plasma osmolarity significantly. 
Therefore, it can be very well concluded 

that routine use of sodium bicarbonate is not 
recommended; it should be given only if there is 
proven acidosis (pH <7.15) in blood gas analysis. 

Dose: 0.3 x body weight x base deficit. 

Cerebral Protection 
Cerebral hypoxia and brain damage is a constant 
fea r in medical practice. Although theoretically 
there is conventional notion that irreversible brain 
damage occurs if the re is significant hypoxia for 
>6 minutes however there are enough evidences 
that irreversible brain damage has not occurred 
even a fter complete hypoxia of 20 minutes (that 
is why patient can be declared dead only after 
resuscitation of20 minutes). 

The only recommended modality for global 
cerebral ischemia seen in CPR is targeted 
temperature management. It can be achieved by 
cold IV saline infusion, covering the patient with 
cold blankets or at least putting ice on carotids. 
Other agencs like Barbiturates (Thiopencone), 
Propofol or calcium channel blockers (Nicardi-
pine, Nimodipine) a re useful for focal ischemia 
however their ro le in global ischemia is not proven. 

Brain Death 
Brain death is the irreversible cessation of all brain 
functions. 

Criteria 
Rule out all reversible causes of coma (hypo-
thermia, drug intoxication, metabolic enceph-
alopathy, shock etc.) 
Absent cerebral functions: No motor activity 
(even decorticate or decerebrate activity 
should be absent), no cerebral responsive-
ness. 

Absent brainstem reflexes (cough, pupillary, 
corneal, pharyngeal, laryngeal and carinal) 
Clinical test 

No spontaneous respiration even if pCO2 
increases to 60 mm Hg 
No spontaneous respiratio n and cough 
rellex on carinal stimulation 

o increase in heart rate in response to 
2 mg atropine 

Highly desirable (but not necessary) 
Flat (isoelectric) EEG 
Absent evoked responses 
Radiological evidence of absent cerebral 
perfusion. 

Declaration should be done by two doctors; 
one among those should be the neurologist. 

SUMMARY OF CHANGES AS PER 201 S 
GUIDELINES IN COMPARISON TO 2010 
See Table 41.2. 

DRUGS FOR CPR 
Adrenaline (Epinephrine) 
It stimulates both a and B receptors (both B1
and B2 It increases stroke volume, heart rate 
and cardiac output. It increases the systolic 
while decreases the diastolic blood pressure. 
Vasoconstriction seen in cerebral, pulmonary and 
coronary blood vessels is far less as compared to 
vasoconstriction seen in other vascular beds like 
skin or splanchnic leading to diversion of blood 
flow from non crilical to vital structures like brain 
and heart (a very beneficial effect of adrenaline in 
CPR). 

Pharmacokinetics 
Available as 1 mL injection containing l mg of 
adrenaline in l : 1,000 concentration. It can be 
given by TV, 10 (lntraosseous), endotracheal route 
(ET), 1/ M and subcutaneous (S/C). 

Concentration and Dose 
See Table 41.3. 

Amiodarone 
Amiodarone is considered as drug of choice 
for ventricular tachycardia. It can be used for 
ventricular as well as supraventricular tachycardia. 
First dose is 300 mg IV and subsequent doses are 
150 mg. 
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• Table 41.2: Comparison between 2010 and 2015 guidelines 

S.no. Factor 2015 2010 -------====-- ____ .....,,,...,.,...., 
1. Chest compression 

2. Compression rate 
3. Breath rate 
4. Vasopressin 

5. Activation of emergency medical 
services (EMS) 

6. Assessment of breathing and pulse 
7. Targeted temperature management 
8. Extracorporeal circulation {ECC) 

Not more than 2. 4 inches (6 cm) 

100-120 but not more than 120 
10/minute 
No vasopressin 

Flexibility at multiple stages of 
CPR 
Simultaneously 
32-36° C for 24 hours 
Employed early 

At least 2 inches (5 cm), no upper 
limit 

100/min 
8- 10/ minute 
Vasopressin after 1st or 2nd dose 
of adrenaline 
Activation at 2nd step after 
assessing responsiveness 
Separately 
32- 34° C for 12 hours 

9. Prognosis To be assessed only after 72 hours 

Less liberal approach towards ECC 
No specific time was mentioned 
Comparatively less emphasis 10. Organ donation More emphasis 

• Table 41.3: Concentration of adrenaline 

Dose _____ ... --~~ concentration ______________ _ 
1. CPR: 1 mg to be repeated every 3-5 minutes IV/I0/ET- 1: 10,000 

If premixed 1: 10000 is not available then dilute 1 amp. 
(1: 1000) with 1 O ml of saline 
ET in children-1: 1,000 

2. Anaphylaxis: 0.5-1 mg to be repeated every 3-5 minutes IM (and S/C)- 1: 1000 
IV / I0/ET- 1 : 10,000 

3. With local anesthetics ---~-- 1: 2,00,000 
4. For producing local ischemia 1 : 1,00,000 

• Table 41.4: Summary of cardiopulmonary and cerebral resuscitation (CPCR) 

Newborn Infant Child Adult 

Age criteria 0-1 year 1 year- puberty Above puberty 

Pulse check Heart Brachial/femoral Carotid Carotid/femoral 
(auscultation) 

Compression area Lower 1/3 of Midsternum {line Midsternum (line Lower 1/ 3 
sternum below intersection below intersection sternum 

of interrnammary of intermammary (2 finger above 
line) line) xiphisternum) 

Compression 2 thumb with 2-3 fingers Heel of one hand Heel of two 
method encircled chest hand one 

locked over 
other 

Sternal depth 1 inch 1.5 inch 2 inch {5cm) 2 inch (5 cm) 
(4 cm) (1/3 of AP {1/3 of AP 
diameter of chest} diameter of chest} 

Comments 

Compression in 
newborn and infant 
should be started 
if HR <60/min 
Compression depth 
should not exceed 
>2.4 inch (6 cm) 

Contd ... 
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Contd ... 

Newborn Infant 
Compression rate 90/min 

Ventilation rate 
If compression 30/ min 
is also provided 
simultaneously 
If only ventila- 40- 60/min 
t ion is needed 

Compression 
ventilation ratio: 
• Without ad-

vanced airway 
in place (i.e. 
ventilation with 
bag and mask) 

• With advanced 
airway in place 
(i.e.endo-
t racheal tube, 
LMA, combi-
tube, tracheos-
tomy tube) 

3:1 with pause 
for ventilation 
[90 
compression 
with 30 breaths] 

- same-

100-120/min 

10/min 

12- 20/min 

30:2-for single 
resuscitator, 
15:2-for two 
resuscitators 

100 compression/ 
min and 10 breath/ 
min without any 
synchronization 
(i.e. no pause for 
ventilation) 

Child 
100- 120/min 

10/min 

12- 20/min 

30:2-for single 
resuscitator, 
15:2-for two 
resuscitators 

100 compression 
and 1 O breath/min 
w ithout synchro-
nizat ion 

Adult 
100- 120/min 

10/min 

10- 12/min 

30:2 
irrespective 
of no. of 
resuscitators 

100 com pres-
sion 1 O breath/ 
min without 
any synchroni-
zation 

Comments 
Rate should not be 
>120/min 

Previously it was 
15:2 for adults 
before intubation 

Xylocard 
Xylocard is preservative free Lignocaine used for 
the treatment of ventricular tachyarrhythm ia. 
The dose is 1.5- 2 mg/kg followed by infusion at a 
rate of 1- 4 mg/ min. 

For summary of card iopulmonary and cere-
bral resuscitation (CPCR) see Table 41.4. 

KEV POINTS 
• Unwitnessed cardiac arrest in adults should be considered due to ventricular fibrillation until proved otherwise 

and in children should be considered due to asystole until proved otherwise. 
• The standard sequence of CPR, i.e. A (airway) • B (breathing) • C (circulation) was changed to C • A • B in 

2010 CPR guidelines. 
• Epiglottis, rather than tongue fall, has been found to be the more important cause of airway obstruction in 

unconscious patient. 
• In patients with suspected cervical spine fracture if airway is not manageable by jaw thrust alone then head tilt 

and chin lift can be given. 
• For patients with cervical spine fractures intubation should be performed with neck in neutral position and only 

after stabilization. Manual stabilization is preferred over collar stabilization. 
• Rescue breath by mouth to mouth is reserved only for trained rescuers. 
• For untrained lay rescuer CPR means "hands only" i.e. only cardiac massage. 
• Intubation is the most definitive and best method for ventilation. 
• Cardiac massage should be able to depress sternum by 2 inches (5 cm) but not more than 2.4 inches (6 cm). 
• During CPR rescuer must not lean on patient chest between compressions. 
• The rate of cardiac compression should be 100-120 compressions/minute but not more than 120. 

Contd ... 

1 
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Coned ... 

• Without advanced airway the ratio of compression to breathing for adults should be 30:2 irrespective of 
number of resuscitators while for children this rato is 30: 2 for single rescuer and 15:2 for two rescuers. 

• With advanced airway compression is cont,nued at a rate of 100-120 compressions/minute and breathing at 
a rate of 1 O breaths/minute without any synchronization. 

• In the current day CPR Capnography is considered essent al. 
• Successful cardiac massage should be able to produce ETCO2 of at least 20 mm Hg. 
• Ventricular fibrillation, pulseless ventrieular tachycardia and polymorphic ventricular tachycardia are shockable 

rhythms while pulseless electrical activity and asystole are considered as nonshockable rhythms. 
• Shock energy should be 360J with monophasic defibrillators and 150-200 with biphasic defibrillators. 
• Immediately aher giving shock give 5 cycles of 30:2 or 2 minutes of CPR before checking the rhythm. 
• The end point to stop CPR is the return of spontaneous circulation (ROSC) assessed by palpating carotids. 
• Vasopressin, which was given after 1st dose of adrenaline, has been removed from 2015 CPR guidelines. 
• Defibrillation should be attempted 2 minutes aher epinephrine and Amiodarone injection. 
• Consider termination of CPR efforts if no response for 20 minutes. 
• Hypovolemia (shock) is the most common cause of pulseless electrical activity (PEA). 
• Targeted temperature management is the only recommended method for brain protection. 
• Targeted temperature management means maintaining core body temperature between 32-36• for 24 hours. 
• Prognostication is recommended after 72 hours. 
• In unwitnessed cardiac arrest in children 5 cycles of CPR are given before activating EMS. 
• During CPR 1n pregnancy aortocaval compression should be prevented by uterine displacement. not by 

lateral tilt. 
• Emergency cesarean section should be considered if fetus > 25 week and cesarean section can be performed 

within 4 minutes of maternal arrest. 
• lntraosseous route is recommended for all ages, anything can be given and is preferred over endotracheal 

route. 
• Fluid of choice during CPR Is normal saline. 
• Adrenaline by intra-cardiac route is contraindicated in present day CPR. 
• The rout,ne empiric use of sodium bicarbonate is not recommended 
• The intravenous/intraosseous/endotracheal tube (IV/IO/ET) concentration of adrenaline during CPR is 1: 10,000. 
• Amiodarone is considered as drug of choice for ventricular tachycardia. 





Conversion of Pressure 
SI unit is kPa 

1 atmosphere = 760 mm Hg= 1.033 kg/ cm2 = 
1.013 bar = 14.7 PSI {pounds per square inch)= 
101.32 kPa 

lkPa=7.5 mmHg 
l mm Hg= 1 torr = 1.3 cm H2O 13 mm H20 
Units used in India are PSI and Kg/cm2 (1 kg/ 

cm2 = 14.1 PSI) 
For example: In a full oxygen cylinder the 

pressure is 2000 PSI which will be 141 kg/cm2 or 
139 bar or 14000 k.Pa or 1,06,000 mm Hg. 

Drugs Metabolized by Plasma 
Cholinesterase (Pseudocholinesterase) 
• Suxamethonium 

Mivacmium 
Ester-linked local anesthetics (except cocaine) 

Drugs Metabolized by RBC Esterase 
Remifentanil 

• Esmolol 

Methemoglobinemia is seen with 
• Prilocaone 

Benzocaine 
Nitroglycerine 

• Impurities in nitrous oxide cylinder 

Appendix 

Agents Producing Convulsions 
Methohexitone 
Enflurane 
Sevoflmane 
Atracuri um/ cisatracurium 
Local anesthetic toxicity 

Antanalgesics 
TI1iopentone (at sub-anesthetic doses) 
Promethazine 

Bag and Mask Ventilation is 
Contraindicated in 
• Full stomach 

Pregnancy 
Intestinal obstruction 
Conditions increasing intra-abdominal pres-
sure like obesity, abdominal tumor and 
ascites 
Conditions impairing the tone of lower eso-
phageal sphincter like hiatus h ernia and 
neuromuscular diseases 

• Conditions delaying gastric emptying like 
diabetes mellitus and opioids 
Neonatal emergencies 
- Diaphragmatic hernia 
- Tracheoesophgeal fistula 

Meconium aspiration syndrome 
Pyloric stenosis 





A 
Abnormalities of chest movements 8 
Abnormal pain responses 272 
ABO incompatibility 77 
Acerylcholine receptor 123, figures 13.2, 13.3 
AcetylchoHnesterase I 23 
Acid-base management 

Acidosis 
Metabolic 294 
Respirato1y 293 

Alkalosis 
Metabolic 295 
Respiratory 293 

Diagnostic approach 293, flow chart 40.1 (page 294) 
Interpretation of normal blood gas 293 
Summary of changes in acid base disturbances, 

table 40.2 (page 295) 
Acquired immunodeficiency syndrome (AJOS) 

An esthetic conside rations 215 
Transfusion related 78 

AcromegaJy, anesthetic considerations 209 
Acupuncture 271 
Acute lung injury (see ARDS) 
Addison's disease 209 
Adenotonsillectomy, anesthetic considerations 256 
Adrenal dysfunctions, anesthetic management 208 
Adrenaline (Epinephrine) 308, table 41.3 (page 309) 

lntracardiac 307 
Adductor pollicis 123 
AdrenocorticaJ suppression 110 
Adult respiratory distress syndrome (ARDS) 

Causes 291 
Diagnosis 291 
Management 291 
Management of refractory ARDS 292 

Air 105 
Cylinder 17, table 2.1 (page 18) 
Embolism (see venous air embolism) 

Airway 
Anatomy3 
Assessment 53 
Block 162 
Definite 37 
Difficult 52 

Assessment 53 
Causes 52 
Management 54, flow chart 5.1 (page 54) 

Guedel 32, figure 3.1 
ln fraglortic devices 37 

Endorracheal rubes (also see intubation) 37, 
figures 3.17A, 3.17B (page 38) 

Index 

Management fo r cervical spine injury 56, 300, 
flow chart 5.2 (page 55) 

Management for foreign body 298 
Pressure, flow and volume monitoring 65 

Pediatric 236 
Resistance 6 
Supraglottic devices 35 

Aladin cassette vaporizer 21 
Albumin 72 
Aldrete score 148 
Alfentanil 117 
Allen's test 58 
Alpha 2 agonists 118 
Alvimopan 114, 118 
Alzheimer disease, anesthetic management 196 
Ambu bag resuscitator 32, figures 3.3 and 3.4 (page 33) 
American Society of Anesthesiologists (ASA) grading 48 
Am ethocaine (Tetracaine) 155 
Aminoglycosides (preoperative) 50 
Amiodarone 308 
Amnesia 

As component of balance anesthesia 87 
Inadequate 142 

Amsorb 28 
Amyotrophic lateral sclerosis, anesthetic management 197 
Analgesia 

Labor 233 
Patient-controlled 271 
Pre-emptive 271 
Refrigeration 158 

Analgesics, inrravenous 268 
Anaphylactic/Anaphylactoid reactions 146 
Anemia 

Anesthetic m anagement 216 
As complication of nitrous oxide 95 

An esthesia 
Balan ced87 
Components 87 
Dolorosa 272 
For burn 260 
For co-existing diseases (also see specific diseases) 

Blood disorders 216 
Cardiovascular diseases 183 
Central nervous diseases 196 
Electrolyte imbalances 204 
Endocrinal d iseases 206 
Hepatic diseases 199 
Immune-mediated diseases 214 
lnfectious diseases 214 
Neuromuscular diseases 21 I 
Psychiatric disorders 197 
Renal diseases 202 
Respiratory diseases 192 



• Short Textbook of Anesthesia 

For day-care surgery (also sec day care surgeries) 267 
For ENT (also see ENT anesthesia) 255 
For geriaLrics (also see geriatric anesthesia) 242 
For laparoscopy (also see laparoscopy) 248 
For malignant hyperthermia 145 
For neurosurgery (also see neurosurgical 

anesthesia) 223 
For obese patients (also see bariatric anesthesia) 245 
For obstetrics (also see obstetric anesthesia) 230 
For ophthalmic surgeries (also see opht.halmic 

anesthesia) 252 
For orthopedics (also see orthopedic anesthesia) 262 
For pediatrics (also see pediatric anesthesia) 236 
For remote locations 265 
For trauma (also see anesthesia for trauma) 258 
High altitude 265 
Hi.story 83 
Low flow27 
Machine 15 (also see anest.hesia machine), figu re 2.1 

(page 15), 2.2 (page 16) and 2.3 (page 16) 
Protocol (for nonnal patient) 87 
Stages, table 9.1 (page 88) 
Work station 15, figure 2.3 (page 16) 

Anesthesia machine 15, figures 2.1 to 2.3 (pages 15, 16) 
Checking of 29 

Negative pressure test 30 
Pusit.ive pressure test 30 

High pressure system 15 
Intermediate pressure system 19 
Low pressure system 19 
Mechanics of gas flow 22, figure 2.13 (page 23) 
Safery features 30 
Ventilators 22 

Anesthetic tether 91 
Anion gap 294 
Ankle block l 62 
Ankylosing spondylitis, anestheLic management 214 
Anribiotics 

For prophylaxis 51 
Preoperative 50 

Anricholinergics (as premedication) 51 
Anticholinesterases 

For reversal of neuromuscular block 131 
Mechanism of action 131 
Preoperative 49 

Anticoagulants 
And cenrral neuraxial blocks J 77 
Preoperative 48,49 

Antidepressants 
Preoperative 49 

Anticmctics 
For preoperative prophylaxis 51 
For trearrnent of nausea and vomiting 143 

Anti hypertensives 
Preoperative 49,190 

Anti platelets 
And regional anesthesia 177 
Preoperative 49 

Anti tubercular 
preoperalive 50 

Aortic regurgitation, anesthetic management 186 
Aortic stenosis (AS), anesthetic management 186 
Apnea 

Monitoring for non-intubated 64 
Arterial cannulation 

Complications 58 
Uses 58 

Arrhythmias 
As complication 140 
Management of non-shockable rhyLhms 302, 

flow chart 41.3 (page 304} 
Management of shockable rhythms 301, 

flow chart 41 .2 (page 302) 
Aspirin 

And regional anesthesia 177 
Preoperative 49 

Aspiration 
Fore ign body and segments involved 4 
Management or high risk cases 137 
Of gasLric contents 136 
Predisposing factors 137 
Risk factors 137 

Asthma, anesthetic management 193 
Asystole 304 
Ateiectasis 139 
Arracurium 129 
Arropine 

As premedication 51 
For bradycardia after spinal 170 

Atypical pseudocholincsterase 126 
Augmented inflow effect 91 
Autologous blood transfusion 79 
Autonomic dysfunction 197 
Awareness 142 
Ayre's T piece 26, figure 2.14, table 2.4 

B 
Backache 

As complication of spinal anesthesia L 73 
Management 27 1 

Bag and mask ventilation 
Contraindications 137 (also see appendix 313} 

Bain circuit 24, figures 2.14 and 2.17, table 2.4 (pages 24-26) 
Barbiturates 106 
Bariatric aneslhesia 245 
Barotrauma 283 
Barylime27 

Reaction with inhalational agents 28 
Basic life support (BLS) 297, table 41. 1 (page 298), 

flow chart 41. 1 (page 299} 
Benzocaine 155 
Benzodiazepines 

Antagonist (Flumazenil) 112 
Metabolism ll I 
Pharmacokinetics, table 12.1 (page 111) 
Systemic effects 111 
Uses Ill 

• 



Benzylisoquinoline compounds 
(also see individual agents) 128 

Bernoulli's law 11 
Beta blockers 183 
Bier's block (Intravenous regional block) 161 
Biliary obstruction, anesthetic manageme nt 200 
Bispectral index monitoring 69 
Blocks (also see individual blocks) 

I-lead and neck 162 
Lower limb 162 
Thorax and abdomen 162 
Upper limb 160 

Blood, artificial 79 
Blood gas analysis 65 (also see acid base disturbances) 
Blood gas partition coefficient (BIG Coeff,) 91, 

table 10.2 (page 91) 
Blood loss 

Allowable 216 
Monitoring 69 
Treatment (sec management of shock 285) 

Blood pressure 
Invasive 58 
Monitoring 57 

Blood salvage and rein fusion 80 
Blood transfusion 

Autologous 79 
Changes in stored blood 76 
Complications 77 

Infectious 78 
Noninfectious 78 
Transfusion reactions 77 

Component therapy 76 
Cryoprccipitate 77 
Fresh frozen plasma 76 
Frozen RBCs 76 
Packed red blood cells 76 
Platelets concentrate 77 

Emergency 76 
Grouping and compatibility 75, table 7.2 {page 75) 
Indications 75 
Massive76 
Storage 76 

Boyle's law 11 
Boyle's machine (see anesthesia machine) 
Brachia! plexus block 

Axillary approach 161 
Infraclavicular approach 161 
Interscalene approach 160 
Supraclavicular approach 160 

Brain death 308 
Breath holding time 47 
Breathing (Ventilation) in CPR 300 
Breathing bag 24, figure 2.16 (page 25) 
Breathing circuits 

Checking 30
Closed 26, figure 2.18 (page 26) 

Components 27, figure 2.19 {page 27) 
Carbon dioxide absorbents 

Amsorb 28 

Baryli me27 
Lithium hydroxide 28 
Sodalime27 

Flow sensors 28 
Oxygen analyzers 28 
Valves 28 

Index 0 

Comparison between closed and scmiclosed circuits 
table 2.5 (page 29) 

Factors affecting carbon dioxide absorption 29 
Open22 
Semiclosed {Mapleson circuits) 23, 

figure 2.14 (page 24), table 2.4 {page 26) 
Ayre's T piece 26, figure 2. 14 (page 24), 

table 2.4 (page 26) 
Bains 24, figure 2.14 {page 24) and 2.17 (page 25), 

table 2.4 {page 26) 
Haflna26 
I lumprey ADE 26 
Jackson Rees 26, figure 2. l 4 (page 24 ), 

table 2.4 (page 26) 
Magill 23, figu res 2.14 {page 24) and 2.15 (page 25), 

table 2.4 (page 26) 
Water's 24, figure 2.14 {page 24), table 2.4 {page 26) 

Single limb (universal F) 29 
Breue r Lockhart reflex 139 
Bronchial 

Intubation 63 
Tree 4 

Bronchopulmonary segments 4 
Bronchoscopy, anestheric management 256 
Bronchospasm 

As perioperative complicarion 139 
Management of intraoperative bronchospasm 194 

Bubble oxygenators 42 
BuJlard laryngoscope 34, figure 3.7 (page 34) 
Bupivacaine (Sensoricaine, Marcaine) 156 
Buprcnorphine 117 
Burns 

Anesthetic management 260 
Emergency management 260 
Fluid management 260 

Butorphanol 118 

C 
Calcium 

Disorders 204 
In CPR 307 

Cancer pain 272 
Capnography 62 

Nasal 64 
Uses 62 
Waveform 62, figures 6.1 (page 62) 

and 6.2 {pages 63, 64) 
Capnothorax 248 
Carbon dioxide 105 

Absorbents 27 
Cylinders, table 2.1 (page 18) 
Dissociation curve 8 
Transport in blood 8 
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Carbon monoxide (CO) poisoning 292 
Cardiac arrest (also see Cardiopulmonary resuscitation) 

As complication in perioperative period 141 
Causes297 
Management 297 

Cardiac failure, anesthetic considerations 188 
Cardiac implanted electronic devices, anesthetic 

considerations 189 
Cardiac massage 

Method 300, figure 41.1 (page 300) 
Open chest 307 
Physiological considerations 301 

Cardiac transplant patients, anesthetic considerations 189 
Cardiomyopathies, anesthetic considerations 188 
Cardiopulmonary resuscitation (CPR) 

Adrenaline in CPR 308, table 41.3 (page 309) 
Advanced cardiovascular life support (ALS) 298, 

table 41.1 (page 298) 
Ainvay management 298 
Arrhythmia management 

Shockable 301, flowchart 41.2 (page 302) 
Nonshocka ble 302, flow chart 41.3 (page 304) 

Basic life suppon (BLS) 297, table 41.1 (page 298), 
llow chart 41.l(page 299) 

Breathing managemem 300 
Circulation (cardiac massage) 300, 

figure 4 1.1 (page 300) 
Complications 307 
Comparison of 2010 and 2015 guidelines, 

!able 41.2 (page 309) 
Compression vemilation ratios 301 
In pregnancy 307 
Monitoring performance 301 
Newborn306 
Newer techniques/variations 304 
Open chest massage 307 
Outcome307 
Pediatric 305 
Postcardiac a rrest care 305 
Routes of drug administration 307 
Summary, table 41.4 (page 309) 

Caudaequina syndrome 172 
Caudal block (Epidural sacral block) 176 
Celiac plexus block 274 
Cement implantation syndrome 263 
Centrally acling muscle relaxants 133 
Cenrral neuraxlal blocks (also see spin al and 

epidural anesthesia) 
Advantages over GA 165 
Applied anatomy 164 
Contraindications 177 
Systemic effects 166 

Central supply of oxygen and nitrous oxide 19 
Central venous pressure (CVP) 

Complications 59 
Indications 58 
Monitoring 58 
Technique 59 

Cerebral blood now (CBF) 223 
Cerebral metabolic rate (CM R) 223 
Cerebral protection 308 
Cerebrospinal fluid (CSF) 165 
Cerebrovascu Jar accident, anesthetic managemen1 196, 227 
Cervical plexus block 162 
Cervical spine 

Airway management 56, 300, flow chart 5.2 (page 55) 
Cesarean section 

An es1hetic management 231 
For hean disease patients 233 
For PIH patients 233 

Charle's law 11 
Chest movements 

Abnormalities 8 
Child-Pugh classification 199 
Chloroform 102 
Chloroprocaine 155 
Chronic obstructive pulmonary disease (COPD) 

Anesthetic considerations 194 
Critical care management 292 

Circuits (see breathing circuits) 
Cis-arracurium 129 
Clonidine 118 
Clopidogrel 

Preoperative 49 
Closed circuits• see breathing systems 
Co-oxirnetcrs 61 
Coagulation disorders, anesthetic management 218 
Coarctation of aorta, anesthetic considerations 187 
Cocaine 155 
CoUoids 72 
Combined spinal-epidural anesthesia (CSE) 176 
Combitubc 37 
Complex regional pain syndrome (CRPS) 272 
Complications (perioperative) of general anesthesia 136 
Concentration effect 91 
Congenital heart diseases, anesthetic considerations 187 
Congestive heart failure (CHF), anesthetic 

management 188 
Controlled hypotension 140 
Convulsions 

As complication of GA 141 
Cotmack and Lehane classification for laryngoscopy 53, 

figure 5.2 (page 53) 
Cranial nerve palsies 

With s pinal 172 
With trielene 102, 142 

Cricoid pressure 138 
Cricothyrotomy 42 
Critical care management (see Jn1ensive care 

management) 
Critical temperature 11 
Cryoprecipltate 77 
Crysta lloids 71 
Cuff of endotracheal n1be 37 
Cushing syndrome, anesthetic considerations 209 
Cyclodextrins (sugammadex) 132 



Cyclopropane l 02 
Cylinders 15 

D 

Air 17, figure 2.4 (page 17) table 2.1 (page 18) 
Carbon dioxide table 2.1 (page 18) 
Cyclopropane table 2.1 (page 18) 
Entonox 17, figure 2.6 (page 17), table 2. l (page 18) 
llcliox 17, table 2. 1 (page 18) 
Nitrous oxide, figure 2.5 (page 17), table 2. 1 (page 18) 
Oxygen 15, figure 2.4 (page 17), table 2. 1 (page 18) 
Valves 17 

D-tubocurare 128 
Day-care surgeries 

Advamages 267 
Anesthesia 268 
Discharge criteria 269 
Patient and procedure selection 267 
Postoperative complications 268 
Postoperative instructions 269 
Preoperative assessment and premedication 267 

Dead space? 
And anesthesia 7 

Deep vein thrombosis, incidence with spinal 166 
Defibrillation 30 I 
Delirium 142 
Depolarizing muscle relaxants 124 
Depression, anesthetic management 197 
Depd1 of anesthesia 69 
Desnurane 

Anesthetic properties 99 
Metabolism 99 
Physical properties 98 
Systemic effects 99 
Uses 99 

Dexmedetomidine 118 
Dextrans (Lomodex) 72 
Dextrose normal saline (DNS) 72 
Dezocine 118 
Diabetes mellitus, anesthetic managemem 206 
Diameter index safety system {DISS) 19 
Diaphragmatic hernia, anesthetic management 240 
Diazcpam 111 
Dibucaine {Cinchocaine) 157 
Dibucaine number 126 
Differential block 154 
Difficult airway 52 

Assessment 53 
Causes 52 
Management 54, now chart 5. 1 {page 54) 

Diffusion hypoxia (Fink effect) 92 
Discharge criteria 

After day-care surgery 268 
From postanesthesia care unit 148 

Disseminated inrravascular coagulation (DIC) 
(transfusion related) 79 

Dissociative anesthesia 112 
Disulfiram 50 

Diuretics 50 
Double lumen tubes 39, figu re 3.19 (page 40) 

Complications 40 
Confirmation of position 40 
Indications 39 

Down syndrome, anesthetic managemcm 240 
Doxacurium 129 
Droperidol 120 
Drug abuse, anesthetic management 198 
Dual block 127 

Index • 

Duchenne's dystrophy (Pseudohyperrrophic muscular 
dystrophy), anesthetic management 212 

E 
Ear surgeries, anesthetic management 256 
Echocardiography 60 

Transesophageal 60 
Transthoracic 60 

Edrophonium 132 
Electrical hazards 14 7 

Precautions to prevent 147 
Electrical impendence pulmonometry 64 
Electrocardiography (ECG) 57 
Electroconvulsive therapy 108, 198 
Electroencephalogram (EEG) 68 

Effect of anesthetic agents 68 
To monitor depth of anesthesia 69 

Electrolyte imbalances 204 
Embolism 

Air 226 
Fat 262 
Pulmonary 139 

Endogenous opioid 118 
Endotracheal drug administration 307 
Endorracheal tubes (also see intubation) 37, 

figures 3.17A and B (page 38) 
And dead space 38 
Confirmation of position 40 
Cuff37 
Deciding lengd1 39 
Deciding size 38 
Double lumen 39, figure 3.19 (page 40) 
Microlaryngeal 39 
RAE (Oxford) 39 
Spiral embedded (flexometallic) 39 
Type 39, table 3.1 (page 38) 

Enflurane 100 
ENT anest hesia 

Anesthesia for adenotonsillectomy 256 
Anesthesia for bronchoscopy 256 
Anesthesia for nasal surgeries 256 
Anesthesia for panendoscopy (Microlaryngeal 

surgeries) 255 
Laser concerns 256 

Enronox96 
Cylinder 17, figure 2.6 (page 17), table 2.1 (page 18) 

Entropy69 
Ephedrine 170 
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Epidural (Extradural, Peridural) anesthesia 
Advamages over spinal 175 
Comparison with spinal, table 17.1 (page 167) 
Contraindications 177 
Disadvantages over spinal 175 
Drugs 

Local anesthetics 174, table 17.2 (page 174) 
Opioids 174 

Epidural needles 174 
Factors effecting level of block 175 
Indications l 74 
Techn ique 174 
Site of action of drugs 174 

Epidural space 
Anatomy 165 
Venous plexus (plexus of Batson) 165 

Epilepsy 
Anesthetic management 196 
Causative agents 144 

Esters-local anesthectcs 151 
Ether 100 

Advantages 100 
Disadvantages 100 

Etidocaine 157 
Etomidate 

Advantages llO 
Disadvantages 11 0 
Uses 110 

Eutectic mixture of local anesthetics (EMLA) cream 157 
Evoked responses 68 
Expiratory reserve volume 10 
Expired gas analysis 62 
Extracorporeal oxygen delivery devices 42 
Extubation 41 

F 
Facemask 32, figure 3.2 (page 32) 
Fail safe valve 19 
Familial periodic paralysis, anesthetic 

considerations 212 
Fascia iliaca block 162 
Pasting instructions 50 
Pat embolism 262 
Febrile reactions, post-transfusion 78 
Femoral block 162 
Fentanyl l l 7 
Fiberoptic laryngoscope 34, figure 3.9 (page 34) 
Fibromyalgia 273 
Filling ratio (Filling Density) 17 
Fire 

During laser surgery 256 
Hazards 147 
Precautions to prevent 147 

Flow 
Of gases ll 
Laminar 11 
Turbu lent 11 
Volume Loops 10 

Flowmeters 20, figures 2.10 (page 20), 2.1 1 (page 21) 
Fluids 

Colloids72 
Crystalloids 71 
Difference between cryscalloids and colloids, 

table 7.1 (page 71) 
For burn 75 
For cardiac patient 74 
For cerebral edema 74 
For liver failure 74 
For pulmonary edema 74 
For renal failure 74 
For sepsis 75 
For shock 75 
Guiding parameters 74 
In CPR 307 
Management (for perioperative period) 73 
Routes for administration 75 

Flumazenil I 12 
Fluoride-induced nephrocoxicity 93, table 10.3 (page 93} 
Foreign body 

Aspiration 4 
Segments involved 5 

Fresh frozen plasma (FFP) 76 
Frozen RBCs 76 
Functional residual capacity (FRC) 10 

G 
G6PD deficiency 218 
Gallamine (Flexldil) 129 
Gamma cyclodextrins 132 
Ganglion impar block 274 
Gantacurium 130 
Gastric tonometry 60 
Gelatins (Hemaccel) 72 
General anesthesia 

Complications 136
Anaphylactic 146 
Cardiovascular 140 
Gastrointestinal 142 
Fires 147 
Hepatic 143 
Mortality 136 

eurologica I 14 I 
Ocular 146 
Occupational 147 
Pain 143 
Position related 146 
Renal 143 
Respiratory 136 
Stages 88, table 9.1 (page 88) 
Thermal 143 

Components 87 
Protocol 87 

Geriatric anesthesia 
Anesthetic management 242 
Physiological changes 242 
Postoperative cognitive dysfunccton 243 
Postoperative delirium 243 



Glasgow coma scale 226 
Global warming by inhalational agents 94 
Glucose solutions 72 
Glycopyrrola te 

As component of reversal 132 
As prcmedication 51 

Goal directed therapy for fluids 74 
Goldman vaporizer 21 
Graham's law 11 
Granulocyte precipitate 77 
Guedel airway 32, figure 3.1 (page 32) 
Guillain-Barre syndrome, anesthetic 

considerations 197 

H 
I Hagen-Poisuille law 11 
llaloth ane 

Anesthetic properties 97 
Contraindications 98 
Drug interactions 98 
Metabolism 97 
Physical properties 96 
Systemic effects 97 

I lalothane hepatitis 97 
Headache 

Ancsthelic management 196 
Post-spinal 171 

Head injury 
Anesthetic management 225, 226 

Heart failure, anesthetic considerations 188 
Heat and moisture exchanger 43, figure 3.20 (page 43) 
I leidbrinkflowmetcr 20 
Heimlich maneuver 298 
lle liox 105 

Cylinder 17, table 2. 1 (page 18) 
Helium 105 
I lematopoictic system and inhalational agents 93 
1 lemolytic reactions 77 
Hemolytic reactions 77, 78 
Hemophilia (see coagulation disorders) 
Heparin (standard and low molecular weight) 

And regional anesthesia 177 
Preoperative 48 

Hepatic 
Anesthetic management for hepatic diseases 199 
Blood flow and inhalational agents 93 
As complications in perioperative period 143 

Hepatitis (post-transfusion) 78 
Herbal medications (preoperative) 50 
Herpetic neuralgia 272 
llextend 73 
l liccup B 
I ligh altitude, anesthetic consideration~ 265 
High flow oxygen delivery devices 42 
I ligh pressure system (of anesthesia machine) 15 
History of anesthesia 83 
Hoffman degradation 129 
I Judson mask 42 

Human immunodeficiency virus (I lfV) 
Anesthetic considerations 215 
As complication of transfusion 78 
As occupational hazard 147 

Humidification devices (humidifiers) 43, 
figure 3.20 (page 43) 

Humprey (ADE) semiclosed circuit 26 
Hydrodynamics of regurgitation 137 
Hydroxycthyl starch 73 
Hyperbaric oxygen 104 
Hyperbaric oxygen chamber, anesthetic 

considerations 265 
Hypercalcemia, anesthetic considerations 204 
Hypercarbia 140 
Hyperkalemia, anesthetic considerations 204 
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Causes 136 
Classification 103 
Systemic effects I 03 
rreatment 103 

Hypoxic pulmonary vasoconstriction (HPV) 9 

I-gel LMA 36, figure 3.14 (page 37) 
llioinguinal and illohypogastric nerve block 162 
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Uses 106 

lmravenous regional block (Bier's block) 161 
Intubating LMA (fastrach) 36, figure 3.11 (page 36) 
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Myasthenicsyndrome (Eaton -Lambert syndrome) 
Anesthetic management 212 
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Liquid 16 

itrous oxide proportioning system 20 
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Index • 

Pericardia! diseases, anesthetic considerations 189 
Peripheral (outside OT), anesthetic considerations 265 
Peripheral nerve blocks (also see individual blocks) 160 
Peripheral neuropathies 142 



• Short Textbook of Anesthesia 
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Proseal LMA 36, figure 3.12 (page 36) 
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Shock in dex/modified shock index 287 
Shunts 

Left 10 right 187 
Righr to left 187 

Sickle cell disease, anesthetic management 217 
Sighs 
Silling position 146 
Sleep apnea syndrome 245 
Srnoking49 
Sodalime27 

Reaction with inhalational agents 28 
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