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pharmacology related to anesthesia, unesthesia machine and equipment, various anesthetic drugs
and techniques in normal subjects and patlents suffering from medical aitments and subspecialty
management. | hope that chapters on intensive care management and cardiopulmonary resuscitation
will be very useful to students.

fo make the revision easier at the last time where a student does not get enough tme o read the
whole subject, the most important points are presented in italics, and moreover, key points are given
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form. However, | will sincerely advise the students ta go through the whele text ar least once.
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may immediately be brought to the notice of suthor/publisher either through ¢-mail address or in
writing My e-mall address is dryadavajav@rediffmail com. We will be highly obliged and try o rectify
the mistake o clear up the controversy as soon is possible.

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

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

Ajay Yadav






Preface to the First Edition

Anesthesia is often the overlooked subject during undergraduanon; however, the requirement of basic
knowledge of anesthesia at undergraduate level bas become necessary because of multiple reasons
Firstly, hecause of the increasing scope of this specialty which is not only restricted o operation

theaters, but also 1o Intensive care units, pain management and emergency medicine. Secondly, and

also very importantly, the guestions of anesthesiology asked in different postgrnutuate {PG) entrance
examinations are not only Increasing in number, but also getting twogher and can only be answered if
the student ks having reasonable knowledge of the subject

To fullsll these requirements, 1 decided to write Short Textbook of Anesthesia

In this baok, | put my efforts to provide a comprehensive text keeping more locus an topics which
are frequently asked In vanous pre-PG eximinatons

{ne more paint | kept in mind while writing this book was to ke care of the controversies

commuonly encountered during pregaration of pre-PG examination becanse of different values and

criteriz mentioned in different books. For example, the color of oxygen cylinder in India and in most
of the countries is black, while in USA, it is green, A blood transfusion criterion in India is volunw loss
: 25-30%. In my book, values and criteria which are

morne than 2 while in westerm countries, It is

applicable In India have been mentioned and wherever found necessary difference to westem
countries has also been mentioned. | would like 1o advise the students to abide by the Indian
standards, at least in anesthesiology

\ny sugrestions, cridcisms and controversies which can really help in improving this book are

most wetlcoane

I wish best of luck o all the studeants appeariog lor the vartous pre-PG examinations

Ajay Yaday
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Applied Anatomy, Physiology and Physics

RESPIRATORY PHYSIOLOGY
Anatomy of Airways

Larynx (Fig. 1.1)

It 15 the organ of voice extending from root of
tongue to trachea and lies opposite C3 1o C6.

Distance between teeth and voeal cords is
12415 em and distance between vocal conds and
cirlna ls 10-15cm

It consists of 3 paired cartilages namely
arytenoid, corniculote and cunelform and three
unpaired cartilages, namely thyroid, cricold and
epiglottis

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

part in children up to the age of 6 yoars. As sub
glottis is the narrowest part, the cuff of endeotrac
heal tube can cause subglortc edemin and stenosis,
theretore the traditional approach had been not to
use cuffed tube in childeen, however this approach
15 not followed in current day practice

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

Sensory supply: Up 10 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 arterles,

Glossoapiglotc fold

Epiglottic tubercle

Epigiottis
Vocal cord

Rings of irachea
Vestibular fold
Cunedlorm cartlage

Vocal fokd

Caomicuiale cartiage
Aryapiglottc foid

Fig. 1.0: Lanyngoscopie view of Larymx
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Paralysis of Nerves of Larynx

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

e In bilateral partial paralysis of recurrent
laryngeal nerve, the abductors (posterior
cricoaryienoids) will go first {Semon's Law)
causing the cords to be held in adduction
producing resplratory suidor.

s In compiele paralysis of recurrent laryngoal
nerve, the cords are stlll held in adducted
position due to tensing actlon of cricothyroid
which is supplied by superior laryngeal
nerve, causing severe respirstory distress,
stridor, aphonia and complete obstruction,
A tracheostomy is usually required for the
management.

o In complete paralysis of both recurrent and
supertor laryngeal nerves, the cords are held in
mid-position (cadaeric position),

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

Trachea

*  Length of the trachea 1s 10-12 cm,

« It starts from cricoid ring (C6) und ends at
carina (15). Anteriorly carina corresponds
to second costal canilage at the junction of
manubrium with stermal bady (angle of Louis).

¢ Irconsists of 16-20 incomplete rings.

¢ The diameter of trachea i 1.2 cm.

Bronchial Tree (Fig. 1.2)

At carina trachea divides into right and left main
bronchus, Distance of carina from upper Incisors
B28-30cm,

Further right main bronchus divides into right
upper, middle and lower lobe bronchus and left
main bronchus into left upper and lower lobe
bronchus
¢ Due to shorter. wider and less acute angle

chances of endotracheal tube to be positioned

av right side (endobronchial (ntubation) are

more (Table 1.1).

* In children the angle of both right and left
bronchus is same, Lo, 557 up to the age of
dyears.

Right upper lobe bronchus divides into aplcal.
postertor and anterior segment bronchi.

:

Right middle Jobe bronchus divides into lateral
and medial segment hronchi.

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

Left upper lobe branchus divides into apical,
antecior and posterior segment bronchl. Left upper
lobe bronchius also gives rise to lngular bronchus,
which is further subdivided into superior and
inferior segment bronchi.

Left lower lobe branchus divides into apical,
anterior basal, postertor basal and lateral basal
segment bronchi,

Segmental bronchi along with fung paren-
chyma constitutes bronchopulmaonary scgments
which are 10 In number on right side, viz.

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

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

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

Upper lobe: Aplcal. postertor and anterior,

Lingular lobe: Superior Hngular and Inferior
lingular.

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

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

Total number of alveoli is 300 million with
surface ares of 70 m”

Alveolar epithelium has type 1 and type H celis.
Type 11 cells secrete surfactant,

FOREIGN BODY ASPIRATION

Due to shorter, wider and Jess acure angle of right

bronchus foreign body asplration i more common

on right side.

* In supine position most commonly involved
segrment is apical segrment of right lower lobe,



Right main bronchus

13-

Right side Left sige
Fig. 1.2: Bronchial tree

1. Fight main bronchus 1. Left man beonchus
2. Right upper lobe bronchus L Left upper lobe bronchus
3, Right middle kbe branchus 1 Left lower lobe bronchus
& Right lowes lobe bronchus 4. Apkal upper lobe branchus
5. Apical segment branchus 5. Posterics uppes lobe bronchus
6. Postenor segment bronchus 6. Anterior upper lobe bronchus
7. Anterior seament bronchus 7. Superior bronchus
8 Lateral segment branchus B Irdenor bronchus
9. Modal segment bronchus 9. Apical branchus

10, Apkal segment bronchus
1), Medial basal bronchus
1L Anterior Dasal broachus
13 Latesal basal bronchus
14, Posterior basal bronchus

B Table 1.1: Compatisan of the anatomy of the nght and
left bronchus

Sharter {length 2.5 cm) Longer Bengih 5 em)
oy REOSTERT

The angle with vertical is 25° The anghe i 45°

* In lateral position, most commaonly involved
segment is posterior segment of upper lobe

10, Anteriar basal bronchus
11, Lateral basal bronchus
12. Posterior basal beonchizs

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

In standing/sitting asplrarion, most commonly
asplration occurs in posterior basal segment of
right Jower lobe,

Mucosa: Ciliated epithelium up to terminal

bronchioles after which non-cilinted epithelinm.
Ciliary activiry is inkibrited by all inhalational

agents excepl ether,

Arterial supply: Bronchiad artery up to terminal

bronchioles and beyond terminal bronchioles by

pulmaonary anery,



Nerve supply: Parasympathetic by vagus (causes
hronchoconstriction ).

Svmpathetic by T2 10 15 {causes hroncho-
dilatation ).

REGULATION OF RESPIRATION

Mediuted by:

o Prneumotaxic center in uppes pons.

e Apneustic center in lower pons.

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

o Dorsal group of neurons in medulla (inspine-
tory group),
Normally pneumotaxic conter has inhibitory

effect on apneéustic center which otherwise

produces apneustic breathing or Inspiratory

Normal respiration is maintained by expiratory
and Insplirtory nevrons of medulla,

During inspiration stretch receptors in lung
parenchyma, which are supplied by vagus get
stimulated leading 0 Inhibition of inspiratory
group of neurans, and hence stopping the
inspiration.

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

These central respiralory cenfers are maos!
sensitive to changes in CSF pll, which (n turn Is
influenced by pCO, (partial pressure of carbon
dioxide In blood ).

tncrease in pCO. stimufates the respiration
while decrease in pCO, inhibits respivation. Other
factors effecting cesplratory centers are;

« Hody temperature
Hypoxia

Exercise

Pain
Hypothalamus
Cortex,

Peripheral chemoreceptors: These are present
in carotid body and sortic arch. Carolied boddy
receplors are pery sensitive to hypoxia.

All Inhalational agents {except nitrous oxide
anel wilrimum with ether) have depressant offect
on ventilatory response to increased €O, and

hypaxia,

¥

MUSCLES OF RESPIRATION

Inspiration

Diaphragm is the most important muscle of
inspiration (moves 1.5 cm In quies respiration and
610 em in deep breathing),

External intercostals, pectoralis minor and
scalene also assist in normal inspiration.

Pectoralls major, latssimus dorsi and sterno-
mastoids are needed during deep inspiration.

Respiration in males is abvominothoracic while
ine children and fernrales. it Is thoracoahdominal.

Expiration
Expiration is normally passive. Foroed espiration
ts medinted by internal intercostals and abdominal
muscles.

During anesthesia with inhaiational agents
explration Is active, mediated by abdominal muscles.

AIRWAY RESISTANCE

For ade to flow in Jungs o pressure gradient must
develop to overcome the airway resistance, This
pressure gradient depends on airway callber and
pattern of alrflow.

At laminar flows (which occurs below the
main bronchi where velocity s less), resistance
is proportional to flow rates but at turbulent flow
(seen in trachea and main beonchi) resistance Is
square of low rates. In other words, it can be said
that muxinnan airweay resisteence 1o alrflow pocurs
in trachea and then main bronckhus and mininuom
In terminal hronchi.

VENTILATION/PERFUSION (V/Q)

Bath ventilation and perfusion is more a1 bases
as campared to apex but perfusion at base is
comparatively higher decreasing V/Q ratio towards
base (lrom 2.1 at apex to 0.3 at base, avernge 0.8),

This ventllatlon perfusion mismatch is
responsible for producing alveolar dead space
(Le. alveol) are only ventilated but not pesfused,
wasting the oxygen in alveoll).

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

This A-a difference is increased (n lung
pathologles affecting alveoll such as pulmonary

solb e ) 1Y [IREN 8-
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edema, acute respiratory distress syndrome
{ARDS) and interstidal lung disease.

DEAD SPACE

Total dead spuce {also called as physiological dead
space) = Amtomical dead space + Alveolar dead
space.

Anatomical Dead Space

It s constituted by alr which is not participating in
diffusion. Therefore it is constituted by air present
in nose, rachea and bronchial tree (up 10 terminal
bronchioles). Nornsally, it is 307% of tidal volume or

2ml/kgor 150 mlL,

Anatomical dead space is increased in:

o Old age

« Neck extension

¢ Jaw protrusion

+  Bronchadilators

o Increasing lung volume

o Atropine [causes bronehodilirntion)
« Anesthesia mask, crouits

Dntermitient positive pressure ventilaiion

(1PPV) and positivg end-expiratory pressure

(PEEP).

Anatomical dead space Is decreased by

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

o Tracheostormy (upper alrways and nasal cavhty
bypassed)

«  Hyperventilution (decreasing lung volume)

¢ Neck flexion

*  Bronchoconstrictors

Alveolar Dead Space

Itis constituted by alveoli which are only ventilated
but not perfused. It is 60-80 ml in stonding
position and zere in lving position (in lying
position perfision is equal in all parts of lung).
Itis increased by

o Lung pathologies sffecting diffusion at alveolar
capillary membrane such as interstitial lung
disease, pulmonary emboliam, pulmonary
edema and ARDS,

CGeneral anesthesia.

1PPV.

PEER.

Hypotension,

Anesthesia and Dead Space

o Al aoesthesia clrenlts, masks, humidifiers
increase the anatomical dead space,

«  Endotracheal tubes, racheostomy decreases
the anatomical dead space by bypassing the
upper airwavs,

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

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

« Anesthesia ventilation technigues such as
IPPV, PEEP increase both anatomical and
alveolar dead space. Anatomical dead space
15 Increased by increasing lung volume and
alveolar dead space is increased because of
hypotension praduced by IPPV and PEEP
(Increase In Intrathoracic pressure produced
by IPPV/PEEP decreases the venous return,
cardiac output and hence hypotension).

OXYGEN AND CARBON DIOXIDE
IN BLOOD

Oxygen
Normal axygen uptake is 250 mL/min,

Oxygen is mainly carried in blood attached 10
hemoglobin (1 g of Hb carrfes 1.34 mlL of oxygen).
Very less amount, $.003 mL/dL/mm Hg §s carried
s dissolved feaction. Oxygen content of arterial
blood s 20 mL/dL and that of venous bleod is
15 mL/dL,

Oxygen Dissociation Curve (Fig. 1.3)

Normally, Hb is 97% saturated at normal parsial

pressure (pO, ) of oxygen, which is 95-90 mm Hg.
At 50 mm Hg, saturation is still 90%. Afer this

point, there is sudden drop in oxygen saturation

leading to significant desaturation of Hb (cyenosis

appears when p(), fall below 50-60 mm Hgl,



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

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

Oxygen flux: It is the amount of axygen leaving left
ventricle/minute,
Itls 1000 mL/min

Shift of oxygen dissociation curve is seen with:

Carbon Dioxide

Transported in blood as:

*  Biearbonate (90%).

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

*  As carbamino compounds.

€O, Dissociation Curve (Fig. 1.4)

Iris relationship between pCO, and CO, content.
Deoxygenated blood has more CO, content s

a given pCO,, this i called as Haldane effect,

ABNORMALITIES OF CHEST
MOVEMENTS

Paradoxical Respiration
Seen in flafl chest.

Treatment: IPPV

Tracheal Tug

This is dowoward movement of trachea during
deep inspiration. It s seen in;

¢ Deep anesthegia (by inhalational agents).

«  Partially curarized patient.

Fig. 1.3: Oxygen dissociation curve

o«
7

cO, Dissolved

Fig. 1.4: €O, dissoclation curve

= Upper airway obstruction [this is the main
reason of racheal g ut the end of anesthesia
as alrway can get obstructed by secretions).

Mechanism: During deep anesthesta and partially

curiarized patient diaphrugm s not supported by

costal marglns. Also laryng is not supported by
neck muscles so strong contraction of central part
ol diaphragm pulls the trachea downwards,

Sigh
It is deep insplratoey hold,

Hiccup
Intermittent clonic spasm of diaphragm of reflex
origin,
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Causes
Light anesthesia.
Gastric and bowel distension,
Diaphraggn Irritation by touching diyphragm
in upper abdominal susgeries.

e Uremia.

Treatment

* Increase the depth of anesthesia.

o Muscle relaxants.

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

o Drugs such as amyl nitrate.

¢ Ether,

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

HYPOXIC PULMONARY

VASOCONSTRICTION

This is a protective mechanism, Whenever there
Is hypoxia, there occurs vasoconstriction in these
hypoxic areas leading 10 shunting of blood to well-
perfused area, decreasing the V/Q mismateh. Al
inhalational agents Wunt this hypaxic pulmonary
vasoconstriction (HPV ) response thereby incrvasing
the shunt fraction (masimun with halothane).

PULMONARY FUNCTION TESTS

Lung Volumes (Fig. 1.5)
Tidal volume: Volume of gas inspired or explred (n
cach breath during normal quiet respiration,

It i5 400-500 k. [ 10 mL/kg).

Inspivatory reserve volume: It is the maximum
volume of gas which a person can inhale from end

inspiratory position,
1t Is 2400-2600 m1.

Inspiratory capacity: It is the maximum volume

which can be inhaled from end expiratory position

Le. it is inspiratory reserve volume + tdal volume.
It is 2500 (TRV) + 500 [TV) = 3,000 ml,

Eapiratory reserve solume: Muximum volume of
#as that can be exhaled after normal expiration,
It is 1200- 1500 mi_

Vital capacity: It is the maximum smount of gas
that can be exhaled after muximom inhalation, Le
IS TRV 4 TV < ERV.

It i5 42004500 ml [75-80 mL/kg).

TG

RY FRC

Fig. 1.5: Lung volumes
TV = Tidal volume
IRV = Inspiratory reserve volume
IC = Insperatory capacity
ERV » Expicatary resarve volume
RV = Residus) volume
FRC = Functional residual capacity
VC = Vital capacity
TLC = Totad lung capacity
All these lung volumes are appraximately % less in
females (sxcept residual volume),

Residual volume: It is volume of gas still present in
lungs after maximal expiration.
It is 1200-1500 mi..

Maximum breathing capacity: Maximum volume
of air that can be breathed /minute. It is 120170 L/
min (normally it s measuted for 15 seconds and
expressed as L/min).

Minute volume: It is tidal volume » respiratory
rite.
11 s 500 x 12 = 6000 ml/min,

Total lung volume: IRV + TV + ERV + RV
It &5 55006000 ml..

Functional residual capacity (FRC): ltis thesolume
of gas In lungs after end expiration, It is ERY « V.
11 88 2400-2600 mL.

During general anesthesia FRC decreases by
15-20%,

Simple Bedside Test

o Rreath-holding time: It Is very simple and
useful bedside test. Normal 1s > Z5 seconds.
Patients with breath-holding time of 15-25
seconds are considered borderling cases and
breath holding time < 15 seconds Indicate
severe pulmonary dysfunction.

o Match st 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.

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

e Able 1o blow a balloon,

o Spirometry by pocket stze microspirometers
can now be performed on bed side.

Spirometry

It is the instrument used to measure following
lung volumes:

o Tidal volume

Insplrtory reserve volume

Inspiratory capacity

Expiratory reserve volume

Vital capacity,

It cannot measure residunl volume, thesefore
any lung volume which requires measurement of
residual volume, .. functional residual capacity
and total lung volume cannot be measured by

splrometry.

Forced Spirometry

(Timed Expiratory Spirogram)

Forced vital capacity (FVC): Expiration is
performed as hard as possible. It is 4200-4500 mL
(75-00 mL/kg)

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

FeV /FVC ratlo is important as this rato
is decreased In obstructive lung diseases, It is
expressed as percentage,

Peak expiratory flow rate: Nocmaul S00-600 1 min.

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

Flow Volume Loops

These are more sensitive and Informative In
detecting pulmonary diseases than conventional
spirometry, Modern microprocessor controlled
recording spirometers automatically generate
these low volume loops.

—
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Body Plethysmography, Helium Dilution,

Nitrogen Washout

These 1echniques are employed for measuring
functional residual capacity, residual volume and
ot lung capaciry.

Helium ditution 1echnigque is also used to
measure closing capacity, which Is the volume at
which airway closes, Normally it &5 1 litre less than
Junctional residial capacity. If functional reskdual
capacity falls befow closing capacity there will be
significant hypoventilation and V/Q abnormalitics.

Body plethysmograph is also used 1o measure
alrway resistance (normal = 2,5 em HO/L/
second).

Lung Compliance
11 Is volume change per unit of pressure,

Lung compliance : 02L/emH.O
Chest wall compliance - 0.2 L/em H.O
Total compliance : 01 E/emHO
{lung and chest
wall compliance
act in opposite
direction),
Blood Gas Analysis
Described in Chapter 40, page no. 293.
Pleural Pressures

Normal intrapleural pressure is -3 1o -5 cm HLO.
During Inspiration, it becomes more negative
up to =T em L0
During expirution, it is «1 10 +2cm H,0.

Fitness for Surgery and
Pulmooary Functions

Patients with FVC < 20 mL/kg and FeV,
<15 mL/kg require appropriate preoperative
preparation before surgery such as chest
physiotherapy, antibiotics, bronchodllators,
el

e Patient with FeV < 10 mL/kg and history of
dyspnes at rest or on minimal sctivity should
be subjjected to only life-saving operations
Three most important criteria to indicare

severe resplratory compromise are:

I Dyspnea at rest or on minimal activity

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

3 pO, < 60 mm Hg (or oxvigen saturuion < 90%)
On rooen adr.



PHYSICS RELATED TO ANESTHESIA
Boyle’s Law

At a constant emperature, volume of gas is nver
sely proportional to the pressure.

Charle’s Law

At @ constant pressure, volume of gas Is directly
proportional to temperature.

Graham's Law

The rate of diffusion of gas s inversely proportional
to square root of thetr molecular weight,

An ideal gas should follow all the above said
lirw,

Partial Pressure of Gas

It 15 the pressure exerted by each gas in a gaseous
mixrure,

Vapor

Vapor is the gaseous state of liquid.

-‘woigadro Number

Ihe number of molecules contained in one
gram molecular weight of any compound. It is
6.23 = 107

Critical Temperature

It Is the temperature below which @ gas can be
stoved in liguid form.

Flow of Gases
Flow muy be laminar or turbulent.

Laminar

Laminar flow is produced when the gas pass
through straight tube. Flow Is smooth. Laminar
fow iz more dependent on viscosity,

At laminar flow, Hagen-Poisenille law is
applicable which states that flow rate Is directly
proportional to pressure gradient and fourth
power of radius of tube and inversely proportional
1o viscosity and length

% (P, = P)r'
il

L8

Q = Flow rate

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

n = Viscosity

|« Length,

Turbufent
Turbulent flow is produced, if flow rate is very high
or Il gas passes through bends, constrictions. Flow
Is rough. Revnolds number must exceed to 2,000
for turbulence. Turbudent flow €5 move dependent
an densizy.

VENTURI PRINCIPLE

When a fluid or gas passes through & rube of
varying dlameter, the pressure exeried by fluid
(Tareral pressure) s minimum where velocity s
maximum {pressure energy drops where kinetic
energy increases: Bormoudli’s low),

This principle is very much utilized iIn
anesthesia particularly with Venturi masks. By
Increasing flow rate (velocity) through narrow
constriction sub atrmospheric pressure can be
created §n vicinity enthralling alr o mix in fixed
proportian (through pores in mask) with axygen,
Tot ventilation and suction apparanis also works on
this principle

POYNTING EFFECT

Mixing of liquid nitrous oxide at low pressure
with axygen at high pressure (in Entonox} leads 1o
formation ol gas of nltrous exdde. Therefore, oxygen
and nitrous oxide both are present ln gaseous stare
0 Entonox cyfinder.

KEY POINTS

& Subglonts & the ramovwest part in chiidren up 10 e age of & yrars howevar this Goes not act i detesrent 10

e culfed twbes n children

s Durlrg Genieral enesthe sy with mrsiscie refdxants the conds are held i cadavernc pesition
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Equipment in Anesthesia






Anesthesia Delivery Systems
(Anesthesia Machine and Circuits)

ANESTHESIA MACHINE

Firstanesthesia mochine was invented by Edmund
Gaskin Boyle in 1917 (thats why anesthesia
machine used 1o be called 25 Boyle's machine).
The Bovle's machine is continnons flow machine
used for administration of anesthesia.

Over the years. anesthesia moachine has
evolved from Boyle's basie (Fig, 2,1) 1o Boyle's
major (Fig. 2.2) to anesthesia work stations
(Fig. 2.3), Anesthesia work stations are not
only the machines but are the compact systems
having all essential monitors (capnograph, pulse
vximeter, oxygen analyzer, spirometer, airway
pressure monitor), all essentinl 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 an diferent 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
regulantor [1st stage pressure reducing valve), It
includes yoke assembly {Cylinders and yoke ), high
prossure regulator and oxygen flush,

Cylinders

Cylinders are made up of melybdenum steel
because molybdenum steel can withstand high
pressures, Some of the newer cylinders also
containg chromium alloy to decrease thelr weight
As steel is not compatible with ML special

Rolwmelee * Elher botte

Pressure gauge

Nitrous ceoade

Cyvrdecs Oxygon
cylndars
Maglh oreul

Fig, 2.1: Boyles basic

aluminum cylinders (und aluminum machine)
are used in MR sultes.

Oxygen Cylinder (Fig. 2.4)

The color of oxygen cylinder iy Dlack body with
wihite shosedders (top) and prssre is 2,000 pownids
per square inch {psi)or 137 kg/em® |1 kg/em® = 14.7
psil. Smallest size available is AA and the largest Is
H. The cylinder mounted on anesthesia machine is
type £,

As oxygen is consumed cvlinder pressure falls
in propartion 10 its content, Le. il the pressure
gauge s showing 1000 psi that means oxygen
cylinder is ball full.

Acceptable purity is 9%, The eyfinder should
have the following detsils: Name of the owner,
serial number, capacity of cylindez, symbol of gas,
tare welght (welght of empty cylinder) and date of
hydraulic tost, Cylinders should be tested every
5 years.



k [

- Prassure
gavge for
dinders
Closed =
cirouit
Magh croult

Ventilatar

Fig. 2.2: Boyle’s magor anesthesia maching (oylinders are Ntrad on the back side therefare
cannot be visualized in diageam)

sy

Moniol

Altway parameters
disglay screon

(To stars

necessary
oquipment)
Fig. 2.3: Anesthesa work station
Liquid oxygen: Any gas can be stored in liquid As 1 mL of Bguid oxygen gives 840 mL of gas,

form below iis critical temperature. The crivical  the advantage of liguid oxygen Is that it can be
temperature of oxygen is -119°C, therefore oxygen  stored in large volumes in small contalners making
reservolrs storing oxygen in liquid form has o them very useful for remote locations like wars or
maintain a temperature below -119°C, which  disasters,

make them quite expensive.



Fig. 2.4: Oxygen cylinder

Fig. 2.5! Nitrous axide ryindery

Nitrous Oxide Cylinder (Fig. 2.5)
Nitrous oxide is stored in blue color cplinders al @
pressure of 760 psi

As the critical temperature of nitrous oxide
ks 36.5°C, it is filled in liquid form. Vaporization
of liguid produces gas leading to heat loss which
sometimes may produce frost en cylindec Small
amount of ligquid present In cylinder may stll
vaporize to produce gas leading the prossure gauge
10 show the pressure of full cylinder therefore
contents of cylinder are measured by weight, not by
the pressiere guuge

Entonox Cylinder (Fig. 2.6)

Entanox, the mixture of 50% oxygen and 50%
nitrous axide, is mainky used 0 produce analgesis
during labor. 1t &s stoved In blue color cylinders

TATOT AN TN

Fig. 2.6: Entonox cylinder

(representing nitrous axide ) with udiite shoulders
(representing oxygen ) af a pressune of 2000 psi

Hellox Cylinder

Heliox, the mixture of 79% helium and 21% oxygen,
is mainly used in upper alrway obstruction. I
is stored in Dlack color eylinders (representing
axygen) with brown and white showlders (brown
representing helium ) at o pressure of 2000 pst.

Air Cylinder

Air is stored in grev eolor evlinders {representing
€0,) with hlack and white shoulders (representing
oxvgen ) at a pressure ol 2000 psi.

Cyclopropane and carbon dioxide, which ure
no mare used in anesthesia, used 1o be stored
respectively in orange color eylinders at a pressure
ol 75 psi and grey color evlinders at o pressure of
750 psi. They were stoved in Hquid form

Filling Ratio (Also Called as Filling Density)

It i the percentage of weight of gas in container
to weight of water it can hold at 60°E This is 1o
prevent overfilling. It is 68% for nitrous oxide and
oxygen {in Hguelied suue).

Cylinder Valves

Cylinder valves are fitted at the top of cylinder.
Different tvpe ol cylinder valves are available like
flush type [most commonly used), bull nosed,
ete, To start and close gas, these valves are rotited
anticlockwise and clockwise, respectively. (For
stummary of gas cylinders see Table 2,1),



‘Commenty used type

Orange

75 psi -

** Dxfferent countries use different color coding for cylinders. The colors mentoned here are a4 per Indan Standard adopeed
by the indlan Standards Inssitution on J4m November 1966, after the craft finalkzed by the Gas Cybnders Sectonal Cammitiee

(Clause 2.1, 2.2 and 2.3)

Pressure Gauge

It is used 10 measure the cylinder pressure, Most
commonty used is Bourdon type.,

Yoke Assembly

Yoke is that part of the machine where cylinders
get fitted. 1t consists of Index pins, o gas seal
(Bodok seal) to prevent leak between evlinder and
yoke and a filter (Fig. 2.7).

Pin Index System (Table 2.2)

It is the safety mechanism to provent wrong fitting
of cvlinders ar ather's posttion. 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 firred at that position.

Making of Pin index System

A 9/16 Inch circumference semiclrcie s made and
6 equidistant points are made on arc {additional
7th poing, 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 sume
position making only oxygen cylinder possible to
be placed at this position. Similarly, yoke of nitrous
oxidde has pins positioned at 3, 5 position; nitrous
oxide cylinder has holes at same position making

Fig. 2.7: Yoke of anesthesia maching

® Table 2.2: Pin index poution for gases on yoka of
anesthesia machine

Orxygen 25
Necousoude 0 RST L
Cyclopropane 36

Nitrogen

Carbon diaxide (< 7.5%)

only nitrous oxide cylinder possible to be placed
it this position,




Fig. 2.8: Cylndar vabves showing position of holes (theso
holes correspond to same pins 3t yoke of machine)

-

Central Supply of Oxygen
and Nitrous Oxide

In large hospirals where consumption of gases 1=
more, oxygen, nitrous oxide and air are supplied
through central supply pipelines. In central supply
moms, oxygen and nitrous oxide are stored in o
set of 4-8 large (type H) cylinders connected to
a4 common manifold (many hospitals use lquid
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 cading for central supply
plpelines; white for oxygen, blue for nitrous oxide
and black for air, Majorlity 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 cyvlinders to machine Digmeter index
safety system (DISS) prevent wrong fitting of
central supply pipes to machine. As the name
suggests the dinmeter of oxygen, nitrous oxide,
akr and suction plpes are different so that couplers
of oxygen, nitrous oxide, alr 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, /i delivers

35 liters of axygen per minute al a pressure of
45-60 psl.

High Pressure Regulator

High pressure regulator Is also known as 15t stage
pressure reducing valve, It converts high pressurs
in cylinder to constant working pressure suitable
for anesthesin machine, It reduces the pressure to
45460 psi.

INTERMEDIATE PRESSURE SYSTEM

It extendds from 2nd stage pressure reducing valve

1o flow control knobs. It includes:

¢ 2od stage pressure reducing valve which
further reduces the pressure to 15-35 psi.

o Oxygen failure alarms: Machine starts
alarming, if the pressure of oxygen falls below
a preset pressure.

¢ Faidl safe valve: This s an important safety
device which in case of decreased oxygen
pressure either cut-off or proportionately
decreases the flow of nitrous oxide and other
gases (that is why also called as axygen supply
fallure protection devices), thas preventing the
delivery of hypoxic mixture,

LOW PRESSURE SYSTEM

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

Rotameter

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

The flow 1o each tbe is adjusied by rotating
the flow control knob clockwise and anticlockwise.
As & safety measure (Lo prevent openlng of wrong
knob), these flow contmol knobs are color-coded
(blue for nitrous oxide, white for oxygen and black
for alr), chemical formula of gas Is embedded on
each knob and oxygen knob is made physically
different from other knobs {it is more fluted, more
prominent and Jarge In diameter).

Flowmeter ibes are glass tubes which are
wansparent and have variable orifice, (tapored —
narrow at base and wider at apex) with markings
on cach tube indicating flow. These tubes are alvo
called as Thorpe’s tube. Although the tubes are



Fig. 2.9: Rotameter with two flowmeters
Note 1hat newer machines have double flowameter tubes
for oxygen and nitrows oxide. A fine flow tube foe Jow flow
rates (200 mL 10 1 L) and coane tube far Ngh flow rates
=100

117

Fig. 2.10: Flowmeter

transparent but stll e is not possible o see the gas
flowing through it therefore, 1o ensure continuous
flow of gases each tube contsins aluminum

float-called as bobbin. The gas stream passing ll
around the bobbin keeps it rotating continuously
ensuring continuous flow of guses. Uppwr end of
bobbin deterniines the flow rate. For example, In
Figure 2.9 nitrous oxide s flowing at flow rate ot
3 L/min. and oxygen at 5 L/min, The pressure
around the hobbin remains constant throughout
therefore these flowmeters wbes are considered
as constant pressure tubes. The flow at low flow
rates is laminar therefore eiscosity determines
the flow while donsity becames an lmportant
determinant at kigh flow rates,

The whaole unit with flowmeter rubes and flow
control knobs is called as rotameter [named so
because of rotating bobhin),

Safety Features of Rotameter

o Position of flowmeter fubes (Fig, 211): Most
vulnerable point of leakage is the Junction of
flow meter tube and common manifold at the
top of machine. If oxygen tube is upsireain
it can leak ar 6 positions (1, 2, 3, 4, 5, 6 of
Fig. 2.11), while if it Is most downstream,
then possibility of leakage Is only at 2 points
(5, 6 of Fig. 2.11). Thercfore, axygen tubie
shoueld be most downstream, Le. avygen shoedd
e the lass gas to ender the rotamerer.

*  Oxygen-nitrous ratio controller/oxygen nitons
proportioning system; Oxygen and nitrous
axide knobs are interconnected by a pulley in
such a manner that rotation of mitrous oxide
knob will automatically start oxygen flow
making it impossible to deliver singular flow
of nitrous oxide. This ensurés a minimum RO,
(dellvered concentration of oxygen) of 25%
which is mandatory to prevent hyparia,

«  Florescent back panel of ratameter so that it
can be visuallzed in dark,

*  Hotameters sre hand-calibrated to minimize

ermrs,

o They are antistatic to prevent sticking of
Bebbin to flowmeter tbe.

Other types of flowmeter:

»  leidbrink floseaeter: Used in past, It consists
ol metal-tapered tube with inverted black
float. The upper end projects in glass tube,

Connell flowmeter: Again used in past, it
coneains a round foat (hobbin), Reading wos
taken Bom the center of float,
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Flg. 2.71: Positian of flowmeter tubes

Vaporizers (Fig. 2.12)

Vaporizers are the devices which are used

deliver inhalational agents. Inhalational agents

are in liquid form in vaporizer. As the inhalational
agents are volatile, fresh gases passing over
the agent vaporizes them and their vapors get

Incorporated in fresh gases o be dolivered to the

patient,

The vaporizer material should have figh
specific heat and high thermal conductivity, Ax
Copper possesses these properties, vaporizets are
miade up of copper

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

Aladin casseste vaporizir Is the latest vaporizer
which can be nsed to detiver all inhalationnl agents
It just requires Insertion of color-coded cassete
af each agent, rest everything ts automatically
adjusted by vaporizer.

The chinracteristics of new vaporizers are:

e Temperature compensated (vaporizer outpur
not alfected by changes in temperature which
octurs due to vaparization of Inhalational
agent).

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

Fig. 2,12 Desfurane (with blue dal knob) and sevoflurane
fwith yellow dial knob) veponaes (Far color vession, e
Plate ?)

agent 1o be delivered, i.0. ot 5% concentration
mst of the gas will pass through vaporizer and
ar 0. 1'% most of gis will be bypassed.

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

+ Notaffected by pumping eHoct | back pressure .

o Outside the circall (Le. not in breathing
clreuir)



8 Table 2.3: Physical properties of inhalational agents

Sevoflrane S8°C 160
lsaflurane 45'C 240

Agent specific: Although all vaporizers used
nowadays are agent specific. However, the
agents with similur vapor pressure can be
used interchangeably. For example, halothane
and Isoflurane with almost ideatical vapor
pressuve can be used interchangeably with
acourte delivery (Table 2.3).

Sequence of Vaporizers

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

Safety Features in Yaporizers

*  Newer vaporizers are agent specific. They have
special kev filling system specific for each
ugent.

There are color code markings mentioned on
vaporizers; the dial knob and filling system
are also of the same colon. Color code Is: Red
for halothane, Purpde for Isoflurane, Yollow for
sevoffurane and Slue for desflurane.

Interlock devices which provent more than
one vaporizer to be tumed on at sane time
One-way check palive 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 anesthesia work
stations have almost the same leatures as in 1C0
ventilutors, Le. they can work In volume as well as
pressure mode. Majority of the newer machines
prefers ascending bellows over descending bellows
because leaks ure better detected in ascending

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

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

Scavenging System
It Is the system to eliminate exhaled gases 0
minimize the theater pollution,

Miuximum permissible concentration of nitrous
axide in theater is 25 parts per million (ppr) 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 lurther
reduced 1o 15-35 psi by secondary (2nd stage)
pressure regulator, Gases from 2nd stage pressure
regulator reaches the flowmeters where flow Is
regulated by rotating the flow control knobs,

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

Breathing circuits connect patient (elther through
endotrachesl tube or mask) o the anesthesia
machine. These are divided Into open, semlopen,
semiclosed and closed systems.

Open System

Inhalational agent is directly poured over patient
mouth and nostril by placing a wire like mask
(Schimmelbusch mask). Open systems were used
In past for delivery of ether and chloroform. In
current day practice open systems are obsolere
as it is not possible to control the delivered
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Fig. 2.13: Schematic dagram to show the machanics of gas flow in anesthesia maching,
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concentration. Moreover, patient directly exhales
into the atmosphers causing uncontroliable
theater pallution,

If a folded towel is placed over Schimmelbusch
mask to prevent escape of inhalatonal agent It
constitutes sermiéapen systent which is also no more
used in modern practice,

Semiclosed Circults

These circuits were described by Mapleson
therefore called av Mapleson circufts, These
nre divided Into six types: Type A, B, C, D, E F
(Fig. 2.314). (Because of similarity In character-
istics some authoes have classified them in three
groupy: A, BC and DEF group).

Type A
It is also called Magill circuit (Fig, 2.18).

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

Most of the expired gases [rom patient (broken
lines) are exhaled from pressure reliefl valye;
hawever, some of the gases go back into the tubing
(that is why these clrcuits are called as semiclosed
cireuits). These expirtory gases which have gone
back in the tubing may be reinbaled by the patient
In neext breath, This ks called as rebreathing { patient
rebreathing hisher expired gases ). To prevent this
rebreathing, there are recommendations for fresh
gas flow for each circuit; fresh gas flow should bo
sufficient enough to push these expiratory guses
out in atmosphere through expirarory valve before
griting defivered 10 the patient.

for Magill circuit fresh gas flow showld be
equal to minute volume to prevent rebreathing In a
apontancosly breathing patient.

1 this clreuls is used for controlled ventilation
{no spontaneous breathing, patient is on artificial
ventilaston) very high flows (3 times of minute
volume or > 20 L) Is required and in spite of



Frash
inleq
Broathing bag

@
oy
@
_—

Type F

{Jackson-Raes cucul) |
Fig. 2.14: Maplesan clrcuity

such high flows prevention of rebreathing is still
unpredictable therefore Magill circuit should not
e wesed for controliod ventiletion. It is the cirount of
chaice for spomtaneous ventilation.

Pressure Relief Valve

It 1s also called adjustalie pressure limiting (APL)
valve, expiraory valie und rebreathing prevention
valve. Most commonly used is Heldbrink type
valve. The expiratory valve should v as near to
the patient to minimize retreathing and bt should
be fully open during spontancous breathing and
partlally dosed during contralled ventifation.

Reservoir (Breathing) Bag (Fig. 2.16)

These ure attached to unesthesia breathing
clrcuits to ventilate the patent. Bags with different
copacities are available for various age groups.

Neonstes 250 mL
Chiidren (up o 3 years) 500 mL
Children > 3 years 1,000 miL
Adules 2000 mL

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

Lack Systern

It Is a coaxial (containing one tube in other)
madification of Maglll clrcult with two tubes. Outer
tube I insplratory and tnner tube is explotory,

Type B

Fresh gas flow inlet brought near APL valve. 1t did
not offer any advantage therefore no more used,
Functionally, it is almost equally efficient for
spontancous and controllod ventilation.

Type C {Water's Circuit)

Corrugated tubing s shortened, It also did not
offer any advantage therefore no more used,
Funcdonally It {s almost equally efficient for
spontaneous and controlled ventilaton.

Type D (Fig. 2.17)

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

Baln circuir is the circudt of cholee for controfled
ventilation. Fresh gas flow for controiled ventilation
Is: (1) 1.6 times of minmiete ventilation at normal
respiratory rates (10-12 hreath/min) or (1) 70-100
ml/kg/min (which s almost equal 10 minute
ventilation), if respiratory rate is increased 1o 16
breath/min, Many clinicians prefer (7)) method,

Baln circult can also be used for spontaneous
ventilation but fresh gas flow requirement is
higher. Le. 2.5 times of minute volume
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Fig. 2.16: Reservair bags (Breathing bags)

Expiratory vaive Duter tude for 8xhaied gases

\ J
Breathing bag Inner tube for fresh gas faw
Fig. 2.17: Bain decunt (mogification of type O)

Advantages of Bain clreult are: o Resistance is bess (< 0.7 cm H ).

o Light welght. o Sterilization is casy.

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



disconnected. To decrease these complications
the outer tube is mude ransparent.

Type E (Fig. 2.14)

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

Type F Circuit (Jackson and Rees Circuit)

(Fig. 2.14)

Avre’s T plece was made complete by artaching 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 yvears of age or
<A kg

Fresh gas flow recormumendations are similar to
Bains, 1.e. 1 6times of minute volume for controlled
ventilation and 2.5 times for spontaneous
ventilation.

Type E and type F civcuits are made valwless
te decrease the resistance (mostly F circuits have
hole in the il of bag bast vildve may be present in
some I circuits),

To conclude, semiclosed circuits in terms of
effictency for spontancous ventilation: A> DEF » BC
and for controlled verilation: DFE >BCU>A.

B Table 2.4: Summary of semiclosed aecuits

Q) =m0

Other Semiclosed Circuits

Hafina system: These are madifications of A, 1§,
C and D. Expiratory valve is replaced by suction
port and ejector fowmeter, This is to decrease the
theater pollution,

Humprey (ADE) system: A single fever changes
from one circuit 1o other,

For summary of semiclosed circuis see
Table 2.4

Closed Circuit

In closed circult (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 atmasphere these are considered as
closed circuits.

Fig. 2.18: Closed circult (Circle system)

Typa A (Also called a5 Egual to minute volume  Yery high flow
3 x minute volume}

Maghi cocuitl

Clreuit of choice for spontanacin
ventilatiaon, shauld not be used for

2.25 » minute volume  No more used

Type € [Also called 35 2 x minute volume
Water’s circuit)

Type E (Ayre's Tpiecs] 2.5 = minute volurme

Smevdm Wt.m-mlmdmn

:

Note, If fresh gas flow for Magil circum is asked without beng mentioned for spontaneous or controlled ventilation, it
shoukd be considered egual to minute volume a3 it is ciccuit of cholce for spantaneocus ventilation. Similarly for Baln's
circult, It should be considened 1.6 tames of minute volume as & & Circuit of choke for controlled ventilaton



As the same gases are being reused. only the
oxygen consumed by body need to be replaced
requiring very low flows and thar is why the
anesthesia given with closed circulr is called as
Low flow anesthesia

There are two types of closed clreults, elrele
systern which is commonly used and (o and
Jro system which is no more usecl.

In human belngs, the closed cireuit system was
firstinrroduced by Water's in 1923

COMPONENTS OF CLOSED
CIRCUIT (FIG. 2.19)

Carbon Dioxide Absorbents
Sodalime

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

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

« (a(OH), : ™%

e  NaOH 5% (NaOH acts as catalyst)

« KOH ! 1%

Oxygen analyzer
Inspirplory valve
Expiralory valve

Inspratory fubing ——

Expiratory lubing

e Color Indicator: Color indicator indicates
whether the sodalime is fresh or has been
exhausted, Different countries uses differont
color indicators, however in India, the most
commonly used absorbent is Durasorh which
is pink when fresh and becomes white on
exhawstion, Few of the centers have started (o
use ethyl violet which s white when fresh ancd
becomes purple on exhaustion

«  Silica (to prevent dust formation)

Properties of sodalime granules (Fig. 2.20)

o  Hardness of granules should be more than 75,
otherwlse, there may be dust formation which
miey be inhaled by padent. Sodalime is made
hard by adding silica.

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

o Size of sodalime granules is 48 mesh (or
3.6 mm)

o Asreaction takes place on surface of granube,
alr space should be »50%,

o 00 g of sodalime can absorb 24-26 1. of carivon
dinxide,

Barylime
Baryvlime, which has 80% Ca{OH}, and 20%

Ba(OH),, has been withdrawn from the market
because of the possibility of life-threatening fire

APL valve

Sodafime (Indicator is othyl okl

Fig. 2.19: Companents of (osed Circwlt (Far codor version, see Plate 1)
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and explosions (n breathing circwlts with seooflu-
raee (In experiments, absorber temperatures has
been seen to reach > 200°C)

Reaction of Sodalime/Barylime with
Inhalational Agents
o Sevoflurane by reacting with sodalime and
Barylime can produce compound A which is
nephrotoxic, The factors which can increase
the production of Compound A are:
Low-Thw (< 2 L/min.)
Higher concentrations of sevollurane
Type of shsorbent (Barylime > Sodalime)
Higher absorbent temperatures
- Fresh absorbent
s Desiccared {dry) sodalime and barviime
(Barylime > Sodaltme) can produces carbon
monoxide with the following inhalational
agents in decrpasing order- Desflurane >
> Isofiurane >> hatothane = Sevoflurane.
Desiccated sodalime can cause burns of
resplratory mucosa with sevoflurane by
provucing hydrogen fluoride
»  Trielene by reacting with sodalime can produce
dichloroacetylene (which s neurotoxic) and
phosgene gas (which can cause ARDS),
o Methoxyflurane and halothane can react with
the rubber tibing of ¢losed circuls,

Amsorb (Also Called as Calcium
Hydroxide Lime)
It is & new carbon dioxide absorbent contuining
calcium hydroxide and calcium chloride,
Amsorh reither produces compound A nor
curbon monoxide with desiceated sodalime and
Darylime.

The disacdvantage of Amsorb is its high cost
and fess absorptive capacity (almost hall of
soda-Hme ).

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, howeves, they
are more expensive and can cause bans of skin
and respiratory tract.

Other Components of Closed Circuit

¢ Expiratory and inspiratory tubes
Expiratary and inspiratory valves: These valves
miintaing the unidirectional flow of gases and
ensures that expiratory gases does not enter
the inspiratory limb and vice versa,

o Oxygen analyzer; It i Btted in the inspiratory
limb. 11 {s ane of the most important safety
meazures os it measures e 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.

o Flow sensor: The use of flow sensors is
considered mandatory by Amernican Soclety
of Anesthesiology. It is connected at the end
of breathing clrewit, It collects a sample from
explratory gases and dellver it to moniter
messure:

The concentration of expired carbon
dioxide (ETCO,} and inhalational agents
To measure expired ridal volume,
respiratory rate and alewdy pressures,
New monitor not only measures the
volume and pressure but also display the
pressune and volume graphs,



& Table 2.5: Comparison hetween chased and semiclosed systems
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Flow sensor is one of the most important
safety measure to detect life-threatening
complications such as ventilatory fatlure,
extitbarion, bronchospasm, ete,

Factors affecting carbon dioxide absorption in

closed cirenit:

¢ Freshness of sodalime

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

= High floaws: High flows allow Jess time for €0,
absorpiion,

o Dead space: Increased dead space in canister
decteases the CO, absorption.

»  Inadequate filhing of sodalime: Too loosely filled
sodadime allows gas to pass through the gap
between sodalime granules and canister wall
without absorption, this is called channeling.
Too tghtly filled sodalime decreasses xir space
decreasing CO, absorption.

e Resistance (o outflow: Increasing the resis-
tance to outflow permit gases to remain In

avadable

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

Universal F

It is a single limb closed circuit intended w
decrease the cumbersomeness of circle systesm.

For comparlson between closed and semi-
closed systems see Table 2.5,

CHECKING OF ANESTHESIA
MACHINE AND CIRCUITS

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

High Pressure System
*  Open oxygen cylinder and ensure that it is at
Joast half full (Pressures 1000 psi),



o Verlfy that hoses lor central supply are

appropriately connected and pressure gauges
for central supply should read 50-60 psi

(depending on country).
Low Pressure System

Ensure that gases are flowing smoothly in
rotmeter

Open singular low of nitrous oxide to see the
integrity of oxygen nitrous oxide proportioning
system and fall safe valve. Machine should not
allow singular flow of nlmous 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 10 back pressure the
hieight of float {bobbin) should drop and should
bounce back to normal after releasing occlusion,
The limitation of this test is that it cannot be
performed in machine which have back pressure
valve just before machine outlet (which is installed
to prevent back pressure effects of positive pressure
ventilation on vaporizer oitput ),

Negative Pressure Test

Off all flows and attach a suction bulb w machine
outlet, Keep on squeezing tll, it collapses com-
pletely. This will generate a negative pressure in
machine. If there is leak, then air will be sucked in
leading to inflation of bulb otherwise, it will remain
collapsed. If its remains collapsed > 10 seconds, it
should be considered that these is no leak, Do the
same test by opening cach vaporizer (there miay
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 ay low as
30 ml.). therefore colled as unlversal leak test.

Check for Breathing System
Check completeaess of all attachments.

o Close APL valve and occlude end of breathing
cireuit (Y piece in case of closed circuit) with
finger and flush system with oxvgen (o attain
o pressure of 30 cm H 0. If same pressure is
maintained for > 10 seconds that means there
18 no leak.

Il opening of APL valve releases pressure
that means APL valve is lntact. Site of jeak can be
detectod by soap bubble solution.

Q@ w1

Final Check for Whole System

Attach u breathing bag (called as test lung) ot
the end of circult. Start flow at 5 L/min. and start
ventilation {with bag or ventilator), Bag should

expaand and collapse like a normal lung,

Checking the Accuracy of Oxygen
Analyzer

Since i tells the final detivered concentration
of oxygen to the patient therefore cheeking its
accuracy Is pery ¢dtal, 1t should show 21% when
exposed to air and > 90% when the system s
flushed with oxygen,

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

SAFETY FEATURES OF ANESTHESIA
DELIVERY SYSTEMS

o Antistatic rubber tyres (to prevent current
flow).

o Pin index system to prevent wrong cylinder
placement and dinmeter index safety system
o prevent wrong fitting of central supply
pipelines,

o Iststage and 2nd stage pressure regulators.

Fall safe valve (stops or decreases flow of other

gases, if axygen pressure falls).

Oxygen failure alarms.

Color coding of flow contral knobs.

Different physical appescance of axygen knob,

Oxygen-nifrous proportioning devices.

Fluorescent back punel of rotameter (10 be

visualized in darkness).

o Oxygen flowmerer tube placed most
downstream

¢ Trielone lock for closed circuit (in old
machines),

*  Pressure refief valve (open when there is
oxcessive pressure in machine),

¢  Oxygen Mush can deliver high flow In
CINETRERCY,

*  One way valve before machine outlet 1o
prevent backpressure effects of positive
pressure ventilation,

*  Oxygen anaiyzer 10 detect final delivered
concentration of axygen to patient,

s Flow sensors to detect ventilatory failure,
disconnections, Extubation, Bronchospasm,
e,
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Equipment

EQUIPMENT FOR AIRWAY
MANAGEMENT

AIRWAYS

The aim of alrway §s (o prevent the tongue fall,
Most commonly used s Guede! alruay (Fig. 3.1).
The tp, Inserted between tongue and posterior
pharyngeal will prevents tongue falling back on
posterior pharyngeal wall, and thus maintaining
the patency of airway. Alrways are available In
many sizes. The appropriate length is the distance
between tip of nose and tragus plus 1 cm,

Nasal airways are also wvailable which are
inserted through noseril.

FACEMASKS (FIG.3.2)

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

As the plastic musks are transparent allowing
visualization of eyanosis and secretions they are
preferred over rubber masks,

As mask ventilation careies many dissdvant-
ages, it can be used only as a tide over phase nll
definite alrway (Intubation) is accomplished. The
elisactiantages of mask ventilation are:

o Dead space volume is increased

«  Ventllation with msask is titing

¢ Asignificantamount of sir leaks Into ssophaguy
and can easily lncrease the intragastric
pressure significant enough (> 20 cm H.0) to
canse aspiration

Fig. 3.1: Guedels oropharyngesl airvway
{For Color version, e Alate 2)

Fig. 3.2: Facernask (For codor version, sew Plate 2)

AMBU BAG RESUSCITATOR
(FIGS 3.3 AND 3.4)

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



Fig. 3.3: Components of AMBU bag

Fig. 3.4: AMBU bag (Note there i5.an option for attaching
reservoir hag and oxygen supply! (For calor version,
we Blote 2)

unit consists of one selt-inflating bag misde up ol

rubber or silicone, 1 non-rebreathing valve and a

misk, Non-breathing valve closes the expirmory

port when the bag is manually squeezed letting
the air inside the bag to pass 10 facomask,

Puring explration, bobin of valve comes w

normal position letting the expired alr to void 1o

atmosphere.

*  AMUBU bogs are available In a capacity of 1,200
L for adulis, 500 mi. for childeen and 250 m1
tor newhborns.

»  100% oxygen can be delivered by AMBU bag by
nutaching oxygen source and oxygen reservolr,

LARYNGOSCOPES (FIG. 3.5)
Laryngoscope is used for vissalizing the glottis to
lacilitate istubation. Laryngoscopy may be direct

Fig. 3.5: Macntosh lanyngoscope
{For codor version, sew Plate 2}

where glottis s divectly visualized or indizect where
glottis is visuallzed through optic channels. Based
on method of laryngoscopy, laryngoscopes his
been classified as: (1) Direct rigid laryngoscopes;
(2) Indirect (fiberoptic) rigid laryngoscopes;
(3) Mexible (Mberoptic) laryngoscopes.

Direct Rigld Laryngoscopes

Direct rigid Inryngoscope consists of a handle

{containing 2 batteries). a blade with a bulb. They

are pamed on the shape of the blade. Although

there are number of laryngoscopes avallable in the
market, however the most commaon in use are:

o Macimtosh (Fig. 3.5): It {s most commaonly used.
It has curved Wade and |s avallable in 4 sizes;
smallest for children and larges: for ndults with
long necks,

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

o Miller: 1t has o straight blade with curve at the

tip,

Blades for Infants and Newborns

o Magill: Magill is straight blade used for
neonates. Neonatal epiglottis is lacge, lealy
and more anterion, therefore It need to be lifted
by straight blade o visualize glortis (Adult's
epiglottis just need to be pushed anterlorly,
therefore curved blade is used).

o Crgford infaret Blade: Used for infants,

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



Fig. 3.6c McCay leryngoscope
(For rolar wersian, ses Plare 2)

Jplic chanoel

Fig. 3.7: Bullwd laryngoscope
For color version, see Piate 2

classical example of such laryngoscope 18 Bullard
laryngoscope (Fig., 3.7). WuScope is another
commonly used inddirect laryngoscope, which has
n 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 refrocted image ol
lottis 15 obtained on a screen, Some of the video
larynguscopes have the option to obtain the image
an any laptop or smart phone screen.

Studies have reported intubation success rates
of $4-99% for video laryngoscopy as a rescue
modality after falled direct laryngoscopy.

Although like direct laryngoscopes, video
laryngoscopes are also avallable In different

5. 3.8 C-MAL lnyngoscope and picture of glottis scen
on screen (For color vervion see Plare 3)

Fig. 3.9: Flexible fberoptic laryngoscope

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

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

Intubation done under the guidance of iberoptic
laryngoscope/bronchoscope is called as tflexible
scope intubation (FSL). It is considered as gald
standard technigue 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 patlents. The
limisations are cost, technlcal expertise and time

consuming



Complications of Laryngoscopy

o Demal injury: Most vulnerable are upper
inclsors.

Damage to soft tissues and nerves,

Injury to cervical spinal cord in case of
aggressive manipalation of pre-existing injury.
Hemodynamic alterations: Tachycardia,
hypertension and cardiac arthythmias.

¢ Breakoge und 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 ubes. They are so commonly used
in curvent day practioe that we con say that it is an
era of supraglottic devices, The most popular and
maost commonly used supraglottic device used Is
laryngeal miask airway.

Laryngeal Mask Airways

Laryngead mask airways {LMA) has been classified
a8 1st generation and 2nd generathon LMA.

First Generation LMA

Classical LMA: Discovered by Archie Hrain
therefore also called as Brain Mask. It is placed
blindly tn oropharyix and the cul! is Inflated with
Jarge volume of air {30 to 40 mL for adult size)
(Flg, 3.10). Inflated cufl seals the lateral and
postertor pharynges] walls, and patient can be
ventilated through ventilation ports.

LMA are available in 7 different sizes (in some
countries 8th size is also avallable ] —the smallest
one for neonate and largest for large adubts,

1 Upto5kg amL

2 10-20kg 10mi

30-50 ke 20mL

> 70hg SO mL
(ar 70-100 kg!

3
5

Fig. 3.1 0t Laryngeal mask aloway ICLssic)
{For color version, see Plate 3)

Indications

o  As an alternative 1o ntubation whese difficult
intubation (s anticipated,

«  Securing alrway in emergency sltuatons
where Intubadon and mask ventilation
becomes inpossible.

o As an elective method for minor-to-modernte
surgeries where anesthetist electively wants to
avokd intubation

* As a conduit for bronchoscopes, small size

tubes and gum elastic bougies.

Advantages

* Easy to insert (even paramedical stall can
insert),

*  Doespotrequire any laryngoscope and muscle
relaxants

* Does not requlre any specific position of
cervical sploe, therefore can be used in corvical
Injurses,

» Less sympathetic stimulation as compared to
intubation
Complications of Intubation can be avolded
Patient awakening is smooth as compared to
intubation

*  Reusable (up to 40 Himes)

Disadvantages/Complications

¢ As air cam leak into the esophagus, LMA
increases the risk of asplration. Moreoves, I
there occury gastiic distension due to leakage
of air in esophagus It is not pessible to decom-
press the stomach as there is no place to pass



suction catheter/Ryles tubes because of the
occupation of oropharyny by the enff of LMA.

* Can cause laryngospasm and alrway obstruc-
ton, if displaces anteriorly,

*  Trauma to oral cavicy nnd injury o hypoglossal
and lingual nerve, If excessive pressures are
being used. The culf pressuce for LMA should
be kept besween 40-60 cm H,0

*  Sore throot—incidence is 10-20%

Contraindications

o Full stomach patients

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

*  Oropharyngen abscess or mass.

EMA Uniques It bs single use disposable EMA

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

Second Generation LMA

Second generation LMA provides better seal

theveby decreasing the chances of aspiration.

o Inndsating LMA (also called as EMA Fastrach):
Up 10 8 no. endotracheal tube can be guided
through it (Fig. 3.11).

o Proseal LMA: It has larger and posterior cuff,
which pravides berter seal. Moreover, it has
drain tube which can be used to deflate the
stomach (Fig. 3.12),

*  Supreme LMA Supreme LMA is like proseal
LMA with a bite block to avoild damaige 1o LMA
tube, if the patient bites (Fig. 3.13).

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

o IMA C-Trmach: Like video laryngoscopy, the
LMA s attached 1o screen to visualize the
structures (Fig, 3.15).

Other Supraglottic Devices

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

Fig. 3.1 1z Intubsting LMA [Note & single port whech

allows the passage of endatracheal tube)

Tube

. "
v o

ol niim

Fig. 3.12: Proseal LMA

Drain for stomach decompression

Bite tock

Outlet of drain for
Gastric defaticn



Fig. 3.39& -Gel (For codor version, sew Plate 3)

Fig. 3.15: LMA C-Trach (For color versian, see Piare 31

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

Combitube: It is double lumen tube used for
providing patent alrway in emergency and ditficult
Intubation, It was popular In past but due o high
rate of complications, it is hardy used now a day.

INFRAGLOTTIC AIRWAY DEVICES

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

Fig. 3.16: Pasipharyngent airway

Definitive Airway Management Devices

Endotracheal Tubes

I'ndotracheal wbes have 2 ends, proximal end
{machine end) and distal end (patient end).
Patient end Is beveled with angle of 45° in oral
tibes and 307 in nasal tubes. They are mainly of
two types, red rubber and 'VC (Table 3.1).

The endotracheal mbes may be uncuffed or
cuffed (Plgs 3.17A and B).

Technique of Intubation

The patlent should lie supine, There should be
extension at atlanto-occipital joint and flexion
al cervical spine (Fig. 3.18). This position is
achieved by putting a 6 1o 8 co thick pillow under
the occiput. The laryngoscope blade should be
inserted from right side of mouth and advanced
slowly displacing the tongue to left untll epiglorts
is visualized. Once the epiglottls is visualized, it
is lifted anteriody to visualize the glottls, Once
the glottis is seen the endotracheal tube is passed
between the cords.

The cull is inflated and the cufl should be
well below vacal cords in adults. The position of
tube is verified by caprograpiy and auscultation
over chest for air entey. The wbe should be well
secured at the angle of mouth with adbesive tape
or bandoge.

Cuff

The aim of inflating the cuff is ta prevent asplration.
Usually, 4-8 mL of air is required to fill the cuff.
During cuffl inflation, ensure cull pressure 1o be



@ Table. 3.1: Comparison of red rubbes and #VC
endotraches! tubes,

« Costhier + Clwap

« Culf High pressureand + Cuff: Low pressure ond

Jow volume. Becauye figh volarie. Because of
of this high pressure the low pressure, these
cuff chances of tracheal  tubes produce less
njury Is mare trachual injury

« Transparent tharefore
secigtions and mist can
be visushzed

doss not confarm ta the  anatomy of alrways
anatamy of alrways

« It contaira preservative  —
lead (whvich Imparts red
cokor to these tbes)

P EEseers g |

less than 30 co 10 to prevent techeal ischemia,
Cuff should be Nlled with suline (Instead of air)
when tube is used for laser surgeries, surgeries at
mines and when hyperbaric oxygen is used. The
cuff showdd be 2-2.5 em below the vocal cords.

The traditional approach of not using cuffed
tubes i children up to 10 years does ot hold irie
in present day practice (for details see Chaplter 29,
page v 257 ).

Endotracheal Tube and Dead Space

As the endotracheal tube by passes the dead space
conatituted by masal pathways, anafomical doad is
rextuced by aleost S0% (70 ml),

Deciding the Size of Endotracheal Tube

For a normal healthy male usually 8.5 numbor
(means ntemal diameter 8.5 mm) tube iy used,
while for normal healthy female usually 7.5
number tube is used. In children, the size of
endotrachen! tube ks as follones:

*  Prematures : 2500,

0-6 months : 305

6 months to | yeur : 35-4 no

For children 1 year w0 6 years, the size is
calculated by formula:

Age (In years)
3

¢35

*  Forchildren > G years:

Agediny
ge {in years) 45

T
sl z{w

H

Figs 3.17A and B: Culfed endotracheal tube (MVC type) (For color versian, see Pate 3/




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

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

sizer required will bes

5/3 435« 16+ 35« 51 (means 5 number

tube).

Snailest size of tube availabie is 2.5 mm and
the leorgest Is 10.5 mom,

Deciding the Length of Tube

Optimal kength Is the length ar which air entry is
cqual on bath sides of the chest. Usually, it is 23
cm b adult males wed 21 cm in wdult females, In
other words, tip of the tube thould lie 4<5 em above
the carina (distance between incisors and carina is
26-28 cm ). A rough guide Is that lengih is twice the
length from tip ol nose to ear Jobule.

¢ Inchildren, the length of onsl tube is caleulsted

by formula:

Age (in years) W
4

-

12em

For calculating length for nasal intubation
3 cm is added 10 oral Jength,

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

=412
3

=215+ 1ldcm
= 45cm.

Reflex Response to Laryngoscopy

and Intubation

*  During laryngoscopy, there occurs sympsa-
thetic stimulation which can cause tachyar-
rhythmia and hypernension,

» Intubation can precipitate laryngospasm,
particularly if alrways are hyper-reactive or
patient is In Hght anesthesia,

o Methods which can be used to Wunt these
TespOnses are:

Adequate depth of anesthesia, opiolds (Opiaid
of chofee is sufentanil), Intravenous/topical
lignocaine, i-blockers (esmaolol ) /calclum-channel
blockers,

Other Types of Tubes in Common Use

RAE preformed tubes [RAE after the name of

3 scientists—Ring, Adair and Elwyn) (also

popularly called as oxford tubes)

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

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

Spiral embedded (also called as fexometallic
tube): These are non-kinkable, non-collapsilde,
and therefore are very uselul for head and neck
surgerios where acute flexion/extension of neck is
revpuired,

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

Double Lumen Tubes (Fig. 3.19)

Double lumen tubes [DET) are used when one
lung ventilation/lung sepirition is required. Most
commonly used DLT is Robert Shaw disposable
DL, They have two lumens, tracheal lumen and
bronchial lnmen, Based on bronchial lumen, they
are named right sided (means bronchial lomen
in right bronchus) oc left-sided (means broachial
furmen in the left bronchas)

Indications for One Lung

Ventilation/Lung Separation

Alsolute: (1) Ta prevent spillage ol contents of one
lung (like pus, blood) 10 other side; (2) Unflateral
lavage to prevent spillage of kavage fuid to healthy
lungg {3) Massive bronchopleural fistula or lurge




Flg. 3.19: Double lumen tube (Note 2 cuffs, 2 pilot system
and 2 ventilation ports) (For color version, see Plate 4)

cyst/bulla where positive pressure ventilation can
cause poneumothorax.

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

Complications of Double Lumen Tubes

*  Hypaxia: The most common canse of Inypva (s
mtilation perfusion susmatch(nonwventlated
lung behaves like shunt), Malposition of tube
(bronchial lumen in wrong bronchus} used
to be the most common cause of hypoxia
however the confirmation of position of Doully
lumen tube by bronchoscopy has significantty
reduced the incdence of malposition.

o Trourna todaryns.

»  Bronchial ruptecre: Due to over inflation of cuff
in bronchus.

NASAL INTUBATION

Indications for Nasal Intubation

*  Oral surgery

¢ Oml mass

¢ Inadeqguate mouth opening due 1o any cause
like fracture mandible, Temporomandibular
joint ankylosis, Ludwig angina, quinsy,
ICTRNUS, POST-Durn contraciures.

¢ For uwake Intubation, nasal inmbation is
preferved over oral intubation.

*  When tube is to be kept for prolonged periods
In intensive care units and patient is golng
1o remain awake most of the time nasal wbe
Is preferred because it is berter wlerated by
patient,

Advantages of Nasal Intubation
Owver Oral Intubation

o Better fixation and therefore less chances of
accidental Extubation.
Nu possibility of tube occhision by biting,
Ortl hygiene can be better maintained,
Better tolerated by the patient,

Disaedvantages

o Increased chances of bleeding and trsuma to
nasal soructures (1o avoid trauma to inferior
turbinate bevel of the tube should be towards
the septum ).

o Increased chances of bacteremia (sinusitia,
otltls, meningitis),

o Nasal deformities on long-torm use,

Contraindications for Nasal Intubation

o Basal skull fructures and CSF chinorthea (thene
have been case reports of tube slipping into
cranium and also CSF leak into nose can cause
meningis ).

»  RBleeding disorders (nasal and septal mucosa
are highly vascular areas).

»  Nasal polyp, abscess, foreign body.

¢ Adenolds

¢ Previous nasal surgery (relative contraindi.
cation).

Contraindications for Both Nasal
and Oral Intubation

As such, there is no absolute contraindication w

inmubation. The very stmple rule s “intubate where

you can'] therefore the relative contraindications

are:

¢ Laryngeal edema—may get aggravated by
intubation

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

Checking for Correct Position of Tube

Auscultation of chest for air entry.

Characteristic feel of bag.

Chest inflation on positive pressure.

Capnagraphy (measuring end tidal CO.): 1t is

the surest sign.

*  Filyroptic bronchoscopy: Itis alse confirmatory
but practically not feasible in every case.



Complications of Intubation

Perioperative

o FEsophageal (ntubation: This is o hazardous
complication, If not detected In time can cause
severe hypoda and death.

* Ischemin, edema and nocrosts at local site
{especially with red rubber wbes),

o Aspirution {If cuff s not propesly inflated).

o  Bronchinl Intubation and collapse of other
lung.

*  Tracheal tube obstructlon by secretions,
kinking. If not detected in time can cause
hypoxia.

Accidental exrubation.
Trauma to gums, lip, epiglottis, pharynx,
larynx and pasal cavity (in nisal intubation).

o Reflex disturbances such as laryngospasm,
bronchospasm, tachyarrhythunia and hyper
wnsion

Pastoperative

«  Sore throat {pharyngitis, laryngitis): This s
the mast common postopenttive complication.
It usually subsides in 2-3 days without any
treatment,

«  Laryngeal edema [usually present after 1 to
2 hours),

* Laryngeal nerve palsies.

¢  Surgical emphysema, mediastinal emphy-
SOma.

o Infection; Pocumonla, lung abscess, medi-
astinitis,

*  Lung arclectasls,

Delayed Complications

Vocal cord granuloma.

Laryngotracheal web.

Subglottic or acheal stenosis.

Tracheal collapse,

Delayed complications usually occurs afier
prolonged intubation in Intensive care parients
Therefore, mximuom permissibie time for whick an
wndotracheal tube can be bept (s 14 days,

Extubation
Extubation is performed when adegquacy of
respiration is maintained. Extubation showld by

performed during inspiration [when the laryngeal
opening Is maximum),

Complications at the Time of Extubation

*  Aspiration.

»  Laryngospasm and bronchospasm,
o Trauma to airways.
«  Hypoxia [Ifextubation is promamre).

Tracheostomy

Indications

* As an elective procedure where prolonged
ventilation is required,

o Asaswitch over procedure from intubation.

o Excessive secretions leading o hlackage or
frequent change of endotrscheal wibe,

o As an alternative when intubation is not
possible,

« Upper airways obstruction due to luryngeal
edemy, impacted foreign bodies, laryngeal
trauma, Vocal cord paralysis, Ludwig angina,

quinsy, larynglts.
«  For laryngeal surgeries.
Tracheostomy Tubes

o Stlver tubes: Not used now-a-days,

o Cuffed plastic ubes: These are most commaonly
wsed. Cufts should be hdgh volume, low pressure

o Montgomery T-tube or Olymplc tracheq!
button: These devices have no cuff, so they
produce less racheal injury and wllow alr 1o

pass through mouth for speech,

o Fenestrated tubes for speaking,

Complications

Early Complications

«  Malpositioning of the tube during insestion,

*  Hemorrhage,

«  Surgical emphysema,

¢ Pneumothorax

+  Injury to traches, laryny,

Late Complications

«  Blockage of tube due to secretions can cause
severe hypoxia

« Infection,

o Tracheal ulceration.

Delayed

o Tracheal stenosiy at the cufl site or at ston:
To avoid this complication, low cuff pressure
(« 18 mm Hg) is advocated,




*  Tracheal web
Tracheal dilatation,

Care of Tracheastomy Tube

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

«  Adjustment of cufl pressure to keep it below

15mm g
Humidified oxygen.
Strict asepsis at the tme of change. First
change should not be done before 5 days as
stoma takes 5 days o establish complerely and
change before this thme can create fabse tract

e Conscious patient should be given a bell,

pencil and paper.

Minitracheostormy

Uselul in emergency situations. Speclal sets are
available. A stab i given in trachea and small size
tube i inserted.

Emergency Infraglottic Airway Devices
Cricothyrotomy
Useful In lfe-threatening situations. Inclsion is

given In cricothyrold membrane, Disadvantages
are Injury to ericoid carttlage and larynx.

Needle Cricothyrotomy

A needle or cannula 126G or 146G Is [nserted at
cricothyrold membrane and oxygen s provided by
fushingat high rate or by jetventilation. Inspiratory
and expiratory rate is kept at 124 instead of normal
1; 2 allowing for passive expiration through narrow
channel.

OXYGEN DELIVERY SYSTEMS IN
NON-INTUBATED PATIENT

Classification

« High flow {fixed performance) delivery
systems.

s Low flow (variable performance) delivery
SYstems.

High Flow Delivery System

These devices are fived performance devices
because thelr output is not affected by the

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

High Now system includes Venturl mask,
special nebulizers and high sitflow blenders,
Among these Venmuri mask ks most commonly
used, 1t works on Venrurl 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 alr in specific ratio,

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

Low Flow Oxygen Delivery Systems

These are variable performance devices, e. their
performance gets changed with the changes in
patlent respiratory parameters. As their output
varles they are less accurmate and less reliahie in
wrms of oxygen delivery, Therefore, they can be
used only used for stable patients,

Low flow systems Include nasal cannnla,
simple oxygen mask {also called as Mary Carterall
or Hudson mask), Non-rebreathing mask,
rebreathing mask and polymask.

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

Maximum concentration of oxygen thal can be
deliverve by axygen mask is 60% {ataflow ol 7-8 L)
and by nasal cannuda is 44% (ata flow of 6 L/min. ).
Non-breathing mask with axygen reserinole can
deliver as high as 50-100% of oxygen and therefors
s now preformed over Venturd mask by majority of
clinictuns

Extracorporeal Oxygen

Delivery Systems (Oxygenators)

As the name suggests, the gas exchinge takes place

ouside the bady. These nxygenators are the pan

of cardiopulmonary bypass (heart lung machine).

Two types of oxygenatars In current use ane:

1. Hubble oxygenators where oxvgen is pushed
with pressure from below to the blood chamber




in the form of bubbles. These bubhles can
cause damage 10 blood cells, therefore hubble
oxygenators aze not prefermed,

2 Membyane oxygenators where blood chamber
and oxygen chamber is separated by a
membrane; oxygen resches blood by diftusion
through membrane. As there Is no damage
to hlood cells, membrane oxygenators are
preferred over bulble acygenators,

HUMIDIFICATION DEVICES

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

Various methods used for humidificaton are:

Humidifiers

Humidifiers can be classified as passive and active
humidifiers.

Passtve Humidifier

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

These are disposable devices containing
hygroscopic layers which preserve heat and water
of exhuled gases and dellver it in next breath
10 the inspired gas. These are placed betwoen
endotracheal tube and breathing circuit, Not only
they presecve humidity, they also act as filter 1o
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 classificd as non-beated and
heated humidifiers

Non-heated Humidifrers

These are sitmple containess (lass plastic bordes)
containing water. The oxygen Is passed over it or
through it and gets humidified. These are used
for delivering humidified oxygen through masks
ar 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 70-73'%).

Fig. 320 Heat and moisture exchanger
(For calar yersion, see Plate 4)

Heated Humidifiers

These are electrically operated, can deliver fully
suturated gases bur are expensive and Increases
the risk of thermal burns.

Nebulizers

Nebulizers are also called aerosol generators.
They emit water in the form of acrusol (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 pm. Particles larger than 5 pm
are 100 big to reach peripheral airways while less
than 0.5 pm are too light that they come back
with expired gases without being deposited in
alrways. Drugs delivered by nebulizers are bron-
chodilators, decongestants, mucolytic agents and
stervids,

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

« Menallic [nsrruments such as laryngoscope
hindes, Magill's forceps, und stvlet can be
autoclaved.

«  Nono-metallic items such as endotracheat
tubes, fucemasks, alrways are best sterilized




by ethylene oxide (ETO) gas steriiization.
After ETO, second method of choice for
these items is chemical sterilization by 2%
glutaraldehyde (Cidex) or orthophthaldehyde
{OPA). As silicone resists gas sterilization,
silicone containing items such as laryngeal

sterilizing LMA s autoclauring at wmpersiure
< 134°C,

For fiberoptic scopes, chemical sterilization
by 2% glutaraldehyde or orthophthaldebyde s
the preferred method of sterilization

Before sterilization all equipment should be

mask alrway (EMA) should not be sterilized
by ETO. The only recommended method for

thoroughly cleaned with seap and water and dried
with air.

KEY POINTS

The mast common aliway used 10 pravan) the wongue fall ;5 Guedals arway.

The major limiation af mask ventiition b that It increases the chances of aspieaton,
Macirtosty is the mnst commaonly used lanymgoscope,

Intubation success rates of 9409 has been reported o video Sryngoscapy &4 3 s modalty after falled
drect lanmgoscopy.

WMosr commarndy asad vides laryriguscopes o CAAAC

Foeropte lanyngowape/bronchascope-guikied intubaton is cormidensd a5 gold gtandard tecnnique for the
management of dificeitfalled iInubyion

Current day anesthatic practics & an e of suptagiottic dovices.

Second generation LMA has shown sianificant decrease in intdence of asplrstion as companed 10 firt
gereraton LMA

Amgng the second genaration LA, 1 Gal is most requantly usod in india

Debinitive alrvay management devices includes. endatracheal tube and fracheosmmy,

The chial adantage of PUC tube Is that thisi cuft s kv prossure i high valume

Duning haryrgoscogy, there should be estension at atanmo-occipital joirt and Mlesion at cevvical spine.
Capnography is the surést wign 1a confim the corect position of endotraches whe.

Thes traditicna appeoach of not Laing culféd tubies in chikdren up 1 10 year does st hold s in prasent day
pacice,

The mosz common cause of Ryposks 10r doubie Limern IUBe £ ventlalon peTusion msmatch

Feed pedormance devices delivar accural axyQen Corentision.

Heat and mosstuee axchanger (HMEY i€ the mast commonly used deyice 10 presarve hamicizy o anestheshs,




Quintessential in Anesthesia







Preoperative Assessment and

Premedication

PREOPERATIVE ASSESSMENT

The goals are:

o Toreduee the anxiety and educate the patient
about anesthesia,

«  To obtain information about patient’s medical

history.

To perform physical examination.

To determine which tests are required.

To plian anesthetic technique.

To obtain informext consent.

To give preoperative Instructions.

Preoperative evaluation Is done with:

oL 9. @, '470

History

Anty medical illness in past/present.

History of allergy 1o any drug

History of medications,

History of previous anesthesia,

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

Physical Examination

o General physical examination [including
pulse and blood pressure),

«  Systemic examination ol cardiovascular
system, resplratory system, hepatic system,
nervous system, abdomen and spine, In
respiratory svstem examination, other than
routing nssessenent Breath-holding tme
should be assessed in every patient, Patient s
wsked to hold the breath after fudl insplraton,
Narmmal |8 more than 25 seconds.

15-25 seconds is borderdine,
Less than 15 seconds indicate severely
diminished cardiorespleatory reserve.

| sen dad paa o

o Adrway assessment 10 rube out difficult airway.
It is one of the most important assessments
for anestbesiologist. It includes assessment
of mouth opening. denture status and neck
movements, Ot of the many parameters used
for airway assessment Mallamputi grading,
Ihyromental distance and neck movements
are assessed in every case (for detalls of alrumy
assexsment and management of difficult
intulaation see Chaprer 5, page no, 53).

Investigations

Routine investigations: The protocols for routing
Investigations vary from bospital to hospltal, stte
1o state and country to country. Nowadays, the
Inclination is towards minimum (nvesiigarions.
The deciston 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) s Indicated unly
for patlents with diseases that increases the risk
of anemia (ke chronic renal fallure) or patients
In whom significant perioperative blood loss is
anticipated, However, due to high prevalence
of anemia, CBC i performed in all patients in
India,

Renal function test, urine analysis, random blood
sugar, liver function test and coagulation profile:
Recommended, only if there i positive medical
history or examination (Contrary o previous
guideline of performing RFT in all patients 260
years).
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Electrocardiography: Contrary to previous
recommendation of ECG n all males > 40 years
and all females >50 years, ECG is recommended
for patients with positive medical history or
undergoing high-risk surgerv. Asymptomatic
patients undergoing low-risk surgery do not
reguire electrocardiography.

X-ray chest: Advisable only for patients ot risk of
postoperative pulmonary complications,

Risk Stratification

Based on the preoperative assessiment., the patients

are classified Into six categories by American

Society of Anesthesiologist (ASA). The morbidiry

and mortality is highest in grade V patients and

minimum in grade 1 patients,

I :Normal healthy patient

I :Mild-to-moderate systemic disease not
limiting functional activity,

I : Severe systemic disease that limits the activity
but not Incapachating.

IV :Incapacitating disease that [s 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 Iimitation of ASA classification was
that It did not include age, obeslty (two major
enemies of anesthetist) and risk assoclated with
surgical procedure (morbidity and mostality may
be minimum with minimaltly invasive procedure
like cataract but may be very high with highly
invasive procedure like thoracic aortic surgery),
However, new guldelines by ASA (2014) has at Jeast
Included cbesity in ASA classificarion (patients
with BMI < 40 are considered as grade 11 risk and
>0 as grade 111 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 patlents are elther on intermedlate
acting or mixed insulin. Adjustments in the doses
of Insulin are required s per the regime followed.
There are different protocols followed by different
institutions { for details see Chapter 23, page no. 206),

Oral Contraceptives

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

stopped,

Oral Anticoagulants

*  Standard oral anticoagulants, Le. Warfarin
{Coumadin) should be stopped 4 days prior
fo surgery. The newer one, Le. Dabigatran
(Pradaxa) should be stopped 3 days prior,
Rivaraxaban (Xarelto) and Apixaban (Eliguis)
48 hours prior, and Edoxaban 72 hours prior
to surgery. However, before considering for
surgery it is mandatory (o check whether the
effect of oral anticoagulant ks been weaned
off or not by doing INR before surgery. INR
musi be < 1.5 to consider the patieat for
surgery.

* If stopping of Warfarin is not possible like in
prosthetic heart valves, then switch over to
heparin which is stopped 12-24 houts prior to
SUTRETY,

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

Heparin

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



Thrombolytic/Fibrinolytic Therapy

(Alteplase, Urokinase, Streptokinase)

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

Antianginal Drugs

All antianginal drugs {including calcium-channel
binckers, nitrates) should be continued except
antiplatelets,

Antiplateler Drugs

Aspirin: Although aspinn increases the nsk of
bleeding but stopping aspirin carrles the risk of
tschemia, therefore iz recommendedd to continue
aspirin,

Clopidogrel (plavis): Clopidogrel should be
stoppedd 5 days prior lo surgery.

Other less commonly used antiplatelets
such as dipyridamole should be stopped 48
hours, ticlopidine 14 days, abeiximab 2 days and
eptifibatide 8 hours prior 1o surgery.

In case of emergency surgery, when there iy
no thne 1o stop antiplatelets, then patient can be
taken for surgery after platelet transfusion,

NSAIDs: Usually continued however should be
discontinued 48 hours prior 10 surgery if given
with other antipfatelets and continuing other
antiplatelet is mandatory, For example, IT the
patient is on aspirin (for cardiac disease or stroke)
and diclolence then stop diclofenac 48 hours prior
and continue aspirin.

Antihypertensives

All antihypertensives on which the patlent blood
pressure is controlled should be continued except
for angiotensin I antaganist and anglotensin-
converting enzyme (ACE) inhibjtors where
morming dose s withheld, Studies have found a
higher incidence of significant hypotension in
patients who were continued with the morning
dose of angiotensin 11 antagonist and ACE
inhibitors.

Antidepressants

Antidepressants (SSRI, tricyclic antidepressants,
reversible MAO Inhibitors and MAO-B (Selegiline)
“has 10 be continued. Hawever, MAO-A inhibitors
{which are not used nowadays) can significantly

increise the levels of catecholamines, therelors
need to be stopped 3 weeks belore surgery.

Lithium and Lamotrigine

Although Lithium do enhances the block
produced by muscle relaxants but this effect seems
to he clinically insignificant therelore in contrary
to older guidelines of stopping lithium 48 before
surgery current recommendation is 1o continue
Lithium. The other drug approved lor bipolar
disorder, i e, Lamotrigine has 1o be continued.

Levodopa

Recent recommendation ks w contime Ievadopa
otherwise withdrawal can cause muscular rigidity.

Anticholinesterases

(Neostigmine, Pyridostigmine)

The continuation of anticholinesterases In perl-
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-
nestersses with adjustments (reduction) in doses.

Steroids

I patient has taken stervid (prednisone in doses
> 5 my/day or equivalent) for move than 3 weeks
{by any route-even topical or inhalational) in
Iast | year he/she must recelve Intraoperative
supplementation with hydrocortisone, ‘The reason
for supplementation is that if a patient takes
prednisone in doses > 5 mg/day or equivalent for
more than 3 weeks, there occurs suppression of
hypothalamus-pitultary-adrenal axis, the recovery
of which takes place In & year, Therefore, during
tsis period, the patient may not be able to cope up
with the stress of surgery,

Smoking

Smoking Inhiblts cilia, causes hyperactivity
of airways, Increases mucous production and
decreases Immune response. The normal
restoration of these effects (particularky recovery of
ciliary activity) takes 6-8 weeks, therefore smoking
should ideally be stopped 8 wevks before surgery.
However, cessation of smoking any time before
surgery is beneficial, The 12 hours of cessation



decreases the level of carboxyhemoglobin,
shifting the oxygen dissoctation curve 1o right and
facilitating oxygen dellvery 1o dssues, Same way,
decreases in nicotine levels decreases the chances
of arthythmias,

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
guldelines of either stopping or switch over to
other antibiotic 48 hours prior to surgery ),

Herbal Medicines

Herbal medicines (including commercial
preparations of ginger, garlle, green tea) can elfect
drug metabolism, bleeding profile and nevranal
functions. Therefore, they should be stopped
| week prior to surgery,

Viagra (Or Similar Drugs)
1o he stopped 24 hours prior to surgery.

Topical Medications (Creams, Ointments)

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

Diuretics
Discontinue on the day of surgery except for

thiazldes uken for hypertension,

Disulfiram
To be discontinued 10 days belore the surgical
procedure

Antitubercular Drugs

To be continued bur assessment of liver functions
Is mandatory,

Preoperative Instructions

o Fasting Instructions: For solid food. 8 hours of
Seastiong is st (fasting perfod of 6 howrs may be
vonsicdered after a tight nveal) while cdear flulds
(water and fuices withow! pulp) can be given up
o 2 hours,
For neonstes and infants, the recommended
fasting perlod for breast milk is 4 hours
while for formula milk and solids a fssting of
6 hours is requinsd.

+ Arficlal dentures, limbs, contact lenses
should be taken ofi.

o Jewellery (can cavse cautery-refated bums),
lipstick and nail polish to be removed (can
obscure cynnosis),

¢ Good omal hyglene.

¢ Informed consent to be taken.

¢ Premedication,

PREMEDICATION

In the current day practice of anesthesia pationt
is premedicated with a purpose not as a routine
procedure, If given, the premedication 1s given
with the following goals:

Goals

* To relieve anxiety,

« o produce hemodynamic stability,

¢ To indoce sedation (good sleep) and reduce
metaholic rate.

To pravide analgesia and amnesia,

To decrease the chances of aspiration.

To control ol and mspiratory secretions,

To prevent postoperative nausea and vomiting.
To control Infection.

To relieve anxlety: Relieving anxiety is the most
important goal is present day anesthesia, Nothing
can be more helpful in relleving the anxiety
of the patient than preoperative visit of the
anesthetist clearing the patient’s doubis, fears,
myths and explaining the anesthetic technique.
Benzodiazepines should be used only for the
patients where assurance by anesthetist Is not
sufficient or tor pediatric patients. In the current
day surgical practice where majority of the patient
ure gorting admited on the same day of surgery,
the beazodiazepine of choice (s Midazolam,

To produce hemodynamic stability: Clonidine
wiss recommended for hypertensive patient in past
but not wsed now a days,

To provide analgesia: Opioids wre gliven intra-
venously just before induction to provide analge-
st and to attenuate cardiovascular response to

Inryngoscopy and intubation.

To decrease chances of aspiration: The best way to
reduce the chances of aspiration is by keeping the
patient fasting. Therefore, the drugs for aspiration
prophylaxts, Le. metoclopramide, antacids and H,
blockers {ranitidine) showld be employed only for
pattents who are at high risk of aspiration such as



hiatus hernia, pregnancy, not rowlinely for every
patient,

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

Glycopyrrolate is a preferred anticholinergic
over atrapine and scopolaming becase It does ot

crosses the ood-brain Iarrier therefore is devold of

cendral side effects.

To prevent nsusea and vomiting: Drugs which
can be used for antiemetic prophylaxis are:

KEY POINTS

CHAPTER 4: Brecperative Assessment srd Premedcation ‘

o Hvosvine.
¢ SHTI antagonist | Ondansetron/granisetron ).
*  Metoclopramide.

Current day recommendation Is o use
antlemetic prophylaxis only for the conditions
assoclated with higher incidence of postoperative
nausea and vomiting (like middie car surgeries),
not routinedy to all patients. In cwrvent day practice
5-HTY antagonists are the first-line medications for
proghviaxis as well as treatment of postoperatioy
mausve and vomiting,

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

s Preoperative assesument s done 10 obtain history. do physical examination, erder investigasiond, rek
stratfication (by ASA grading) ared give precpecalive i uctont

s The deciton 10 crder prsoperative teits Jhould be gquided by the patient’s clinical story, camarbiitios,
physical examination firdings snd the peoposed wigery. Ondy the irvestiastions wich are necessiey stould

Dé ore

e fForsglid f20d B hours of fasting i3 must while ciear fluds can be ghven up to 2 hours

Mecications need 1o be thopped

MAC-A Inhiitors (3 wees befare)

Otal araicoaquiants (Wartann 4 days priof)
Haparin (Low motecuas welgnt 12 hours belore)

Thiombaiytic (10 days price)

Viagra (24 hauet prion

CsutBam 110 days poor)

Al hetbal medcations [ days bBefors)

8 Smoking |8 wests beforne)

Mateanoms for which only morming dose 20 e ornitisd:
s ACE inhbiom and ang otensn § antagonist
Oral hypogrcemics

TopGal ceamis and ontmeants

Vitamins and son

Done aduatmant iendsdid for:

Cholinesterase inhitinons

Coticosterids

Irostiliny

wargery 10 be taken with 2 sip of water

Antpiatels excent aspitn f0opidogre § days prion)

Nonsteraial antiHnllammatony drugs INGAIDSS (48 hours pror if used with other anipRatets)
High dose BsTIGQen ofal CoNtECEpTRES (4 weeks piod

Resst all edications are contitued In the same dosages and same regime with motning dese on the day of

In the-current day peacnice of anesthasia pationt is prornadicated with @ DUrPase NOL a5 A routne procecurs




Difficult Airway Management

CAUSES OF DIFFICULT INTUBATION/
DIFFICULT AIRWAY

Inability to Open Mouth

Submandibular abscess

Ludwig angina

Retropharyngeal abscess

Tetanus (trismus)
Temporomandibular joint ankylosis
MaxiBary rauima

Mandibolar trauma

Growth In oral cavity,

Abnormalities of Mandible

s Micrognathia: Receding chin

«  Pierre-Robrin syndrome: Pypoplastic mandible

e Treacher Colling syndrome: Mandibulofacial
dysostosis

o Goldenhar synirome: Hypoplasia,

Abnormalities of Tongue (Macroglossia)
*  Pierre-Hobin syndrome

*«  Downsyndrome

*  Hypothyroidism

Abnormalities of Soft Palate

o Pierre-Robin syndrowne: High-arched palate

¢  Treacher Collins syndrome; High-arched
palate

¢ Marfan syndrome
*  Achondroplasia

Neck Abnormalities
«  Short neck
Neck circumference »>43 con
o Hesuioted meck moterments;
Rhveumatoid arthritis

Spondylitls [osteoarthritis)
Dise disease
Klippel-Fedl syndrome (cervical veniebrae
Tusion)
*« Neck tranma
*  Neck contracture:
Post-bum
Post-radiotherapy
o Nock suwillings:
Large thyroid gland
Cystic hygroma
e Diabetes mellitus {reduced mobility of atlanto-
occipital joint),

Laryngeal Abnormalities

o Edema

*  Tumor

*  Stenoasis

o Webh

*  Fixation of larynx to other structures of neck

(in malignancies),

Tracheal Abnormalities

s Slenosis
¢  Tumor

Thoracoabdominal Abnormalities
«  Kyphosis
¢ Prominent chest or large breast.

Abnormalities of Temporomandibular
Joint
o True ankylosis
»  False ankylosis:
Burns
Traumsa
Radiation.



Other Causes

Protruding teeth (Rabhbit teeth)

Absent denture (slippage of laryngoscope )
Children (anteriorly placed larynx)

Basilar skull fracture

Sclerodermo (restricted temporomandibular
joint)

Sarcoldosis (airway obstruction by lymphoid
tssue)

Dbesity

Presence of bearnd.

ASSESSMENT OF DIFFICULT
INTUBATION

Commonly used grades and parameters for a5sess-
ment of airway include:

Faucal plllars

Mallaenpati greeding: 1t is done to 63sess mouth
opening. Patient is asked o open the mouth
as wide ns 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
Aeen

Class 11 Base of uvula and soft palate is seen.
Class 111: Only soft palate s seen.

Class 1l

onserens ot iy ossgomers (@)

Class IV: Only hard palate is visible (modified
Sampson and Young classification).
In Mallampati grade (class) | and 1T oral

intubation can be done comlortably, in grade 11
with difficulty while oral intubation Is no possible
in grade IV,

Thyromental distance (distance between
thyrokd notch to mental prominence with fully
extended neck]:

Normial: 6.5 or more (> 3 finger breadth).
6.0-6.5 em: Difficult laryngoscopy.

< 6.0 cm: Laryngoscopy may be impossible,
Mentohyold distance: Normal > 5 em (2 finger
breadth).

Assessment of T™ Joint function: Inter incisor
gap {mouth opening) should be at least 5 cm
(2 finger breadth),

Neck movements: Normal range of flexion
and extenston varies between 165° and 900
Mallampati grading, thyromentol distance and
neck movements are assessed in every case.

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

Grade I: Glots fully visible.
Grade I1: Only posterior glotts visible.

Class Il Class IV

Fig. 5.2: Grading of laryngoscopy



o Grade I11: Only epiglorus visible.
o Gradde IV: No recognizable stractures.

MANAGEMENT (FLOW CHART 5.1)

Anticipated Difficult Intubation

I difficuly alrway ks anticipated then intubate in
awvke state preferably with fiberoptic broncho-
scope under topical anesthesia {xylocaine spray
and/ar girgles) or nerve blocks (glossopharyngeal
and superior laryngeal ),

If awake intubation fails then surgery, if
possible should be performed under reglonal
anesthesia or alterpative methods like mask
ventilation, laryngeal mask. I swrgery is not

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

Nenanticipated Difficult intubation

(Patient under Anesthesia)

«  Ventilation with bag ard mask possible (cammot
Intubate but can vendilate sitwation) [non-
eenergencyf: While malntaining the ventilation
consider reattempt intubation called as plan
A (maximum 1 times) with manipulations
such as changing the position of head and
neck, cricold pressure, using different blades
ollaryngoscopes, use of stylet or bougies, light

Flow chart 5.1: Difficult alrway algorthm

Abbreviations: LMA, larynpesl mask sleway; ILMA, intubating larymgeal sk alrwary



withidy or intubation with videoluryngoscopy
(Video luryngescopy have revolutionized the
practice of airway management; Intubation
success rates can be as high as 94-99% with  »
video laryngoscopy after fatled intubation with

dlmct laryngoscopy).

I, Le. ventllation with bag and mask
not possible {cannot intubate, cannot
ventilate),
Ventitation with bag and mask not possible
(cannot intubate, cannot vendilaie) femergency
situation). It is one of the worst nightmares

If plan A falls, then ger the surgery done
under plan B which includes surgery
under laryngeal mask airway (EMA) if
possible or intubation with the help of
lntubating laryngeal mask airway {TEMA)
If plan B fails, then proceed to plan C
which includes revert back 10 facemask
and get surgery done under facenash
If emergency or postpone the case to be
done next tme as anticipates difficuls
Irrtubation.

If any time situation becomes that
mask ventitatlon also fails which can
happen due 1o luryngeal edema, vxcess
secretions), then manage like plan

in the life of an anesthetist. It should be
managed in lollowing stepwise manner:
I Immediate call for help

i,

Iv.

Reiry mask ventilation by holding
mask with two hands while assisrant
malntaining ventllatlon, put an alrway
(if not in piace). Ifit fails, thea go to step i

. Put LMA and 1y to get surgery done

under LMA If possible or postpone the
case o be done next time as anticipated
difficult intbation, 1f LMA abso fails, then
£0 10 step

Cricothyroidotomy which should be
replaced by definltive measure, |e.
tracheostomy as soon s poasibie.

Flow chart §.2: Cervical spne injury
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0 SECTION 3: Quintessential n Anasthesia

Alrway Management for Cervical
Spine Injury {Flow chart 5.2)

Neck manipulation in cervical Injury may be
life-threatening, Every head (njury should be
considervd (o be kaving cereical Infury unti
proved otherwise. During manual management,
alrway should be managed only by jaw thrust
however if aireay (s not managealle by faw thrust
alone then head til and chin lift can be gilven
because life takes the priority over cervical spine
Oral intubation with ‘meck stabilization’
with neck in ‘newtral position’ should be wied

first and & usually successful. Neck smbilization
can be done manually and with hard cervical
collars. As Intubation often requires removal of
cervical collar manual stabilization is always
preferved over collar stabilization. If unsuccessiul,
then only tracheostomy should be undertaken
LMA, combitube and cricothyroidotomy are
reserved as tempaorary measure for the cases
when tracheostomy Is not possible due to non-
availability of equipment/experienced person or
life saving measure where time for tracheostomy
I8 aot there

KEY POINTS

8 Alwady 3520t 15 ne of the mond imponart parts of preapensve aswessment, falure 1o do <0 can make

ne1hets] nagioen! incase of some catstrophe

s Mallampat) grading, thyrormantal distance and neck moaermants ame e 1Hse Mest Moarant pararrelers 10

D 25504580 In every O

s Vigeo ryngoscopy hine revelutionized the practice of ditway mansgement, ntubation sucess sates can be as
figh a3 M-09% with wideo larvngoscopy after fafed intutytion with drect larmgocany.
Every head infury shomld Be consdensd to be having cervical Infury untll proved oinerwite.

e Forgervical spine inpury intubation should be done afver neck stabilaation with peck In seutral positan,



Monitoring in Anesthesia

Monitoring ks the most imporeant partof 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,

CLINICAI. MONITORING
Pulse rate by palpation

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

o Blood pressure: 1t s measured either by
palpatory method (measures only systolic
pressure ) or by auscultatory method { Korotkofl
sounds), Two common sources of error
are:

Inappropriate cuff size: Oversize cull
underestimates while undersize cuff
overestimates BP. The cuff shouwld cover
now thirds of the tength of arm and the
width should be 30% grealer than patient
arm (Usual width of cuff s 12-15 om for
adults, 6-9 cm for children and 2.5 cm for
neonates ).

Rapid deflation: Deflation rate stould mot
be more than 3-5 mm Hg/sec.

« [noflation of chest

= Precordial and esophageal stethouscopy

*  Any signs of svmpathetic over activity such as
lactimation, perspiration to detect the depih
of anesthesia

o Urine owtput: Urine output is the best clinical
Indicator for assessing adequacy of perfusion:
it should be = 0.5 mL/min,

ADVANCE MONITORING
(INSTRUMENTAL MONITORING)

CARDIOVASCULAR MONITORING

Electrocardiography

Electrocardiography [ECG) 15 the mandatory
monitor as it measures heart tate and can detect
arrhythmias, ischemia and cardiac arrest. It is
not possible to monitor 12 leads in perioperative
period therefore, the leads most preforred are
lead IT and V; because arrhythmias are best
detected in lead 11 and (schemia iy lead V, (Lead
V, alone can detect more than BU% of kschemic
events). It is highly recommended 10 use monitors
which have an option of automatie ST analysis

Blood Pressure

Biood pressure can be monitored by noninvasive
und invasive methods,

Noninvasive Blood Pressure Monitoring

Automated Noninvasive Blood Pressure
Monitoring

Automated neninvasive blood pressure (NIBP)
monitors are most frequently used In peri-
operative period to measure blood pressure;
these instruments sutomanically measure blood
pressure at set intervals by osclllomeiry. The
maximum interyal betiveen teo blood pressure
recardings should pot exceed more than 5 minules
{This interval of 5 minutes in facy, &8 not only
applicable to blood pressure but to the recording
of ull vitals), The basic diference In oscillometric



principle of BP monitoring is that mean arterial
pressure s measured first and then systolic and
diastolic pressures are derived by a set algorithm
while in all other methods svstolic and diastolie
pressure are measured finst and then mean arterial
pressure ks derived.

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

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

Invasive Blood Pressure Monitoring

Invasive blood pressure monitoring ts done by
cannulating one of an artery and connecting the
cannula to o ransducer which in turm is connected
to. monitor, Invasive blood pressure (IBP)
manitoring Is required when surgery or patient
condition mandates beat 1o beat, e continuous
monitoring of blood pressure. IBP iy considered as
gold standard method to manitor bivod prssire,

IBP can be significantly affected by the
dynamics of equipment used for 1BP monitoring
(tubing, transducer, e1c.). Over damping under-
estimates while underdamping overestimates
systolic bload pressure. Its accuracy should be
checked by maiching with noninvasive blood
pressure (NIBP). The difference In 1BP and NIBP
should not be more than 5-8 mm Hg (in normal
clrcumstances [BP 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 zeraing posmt
S cm pastevior to sternal border yields more uccwrate
BP recordings

As radial artery has collaterals (transpalmar
arch) for the blood supply of hand. it is moxt
commonly chasen artery for cannulation. Belore
doing radial artery cannulation Allers’s tews should
be performed to assess the patency of ulnar arery.
In Allen’s 1est after exsanguination of patient's
hand ulnar and radial arteries are occluded,
Release pressure from the ulnar artery while
maintaining the pressure on radlal artery, Color
of hand retuming to pormal within 5-7 seconds
indicates patency of ulsar circulation and It 1s safe
to o ahead with radial artery cannulation. Color
returning to normal in > 10 seconds indicates
severely compromised ulnat circulation contra-
Inclicating radial artery cannulation. Due 1o the

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

Complications of Arterial Cannulation

Arterlal Injury. spasen and distal ischemia
Thrombosis and embolization

Sepsis

Tissue necmsis

Fistula or aneurysm formation

To prevent thrombosis, a continuous flush
with/without heparin is needet.

Other Uses of Arterial Cannuiation

*  Tuking blood sample for repeated arterial
hlood gas analysis {ABG)

*  Avoid the frequent puncture 1o teke blood
sumple for investigations,

¢ Measuring dynamic parameters of cardiac
function like stroke volume vardation (SVV),
Pulse pressure variation (PPV) and cardiac
output by using pulse contour devioes such
as Flotrac, Measuring dynamcic paramaters by
artevial cannulation may be considered as one
of the mast recent and usefiel advancenent in
the field of monitoring. As already discussed in
the chapter of fluids, dynamic parameters are
far more superior t static parameter, Le, CVP
for assessing fluid status and titrating Auld
therapy,

Central Venous Pressure Monitoring

Idealvein for monitoring of central venous pressure
(CVP) s right internal Jugular vein (becanse it iy
valve less and in direct communication with right
atmum ), CVE can also be measured by subelavian,
basilic and femoral vein.

Indications

¢ Major surgeries where large fluctuations (n
hemodynamies s expected

Open heart surgeries

Fluld management in shock

AS 1 VeROUS Jecess

Parenteral nurrition

Aspiration of air embolus

Cardiac pacing

Novrmal CVP is 3-10 cm of HLO (or 2-8 mm Hgg),
In children CVP is 3-6 cm of H,0. CVI* more than
20 ¢m of H 0 indicates right heart failure.

9. .9,.0: 0 -8



CVPis increased in;
¢ Fluid overloading,

e Congestive cardiac fallure.

s Pulmonury embolism,

*  Cardiac timponade.

¢ Inermittent positive pressure ventilation with
PEEP.

* Constrictive pericarditis

= Pleural effusion.

*  Hemothoray,

*  Coughing and straining.

CVP s decreased in

= Hypovolemia and shock,

= Venadilators.
*  Spinal/epsdural ancsthesin.
*  General anesthetics (hy causing vasodilat-
tion).
A low CVP with low 8P indicates hyporodemin
while a high CVP with low BP indicates pump
fallure.

Technique of CVP Catheterization

(through Internal Jugular Vein)

It is introduced through Seldinger technique. The
patient les in Trendelenburg position (1o decrease
the chances of air embollsm ). The cannula with
stylet Is inserved at the tip of mngle formed by
two heads of sternomastold and clavicle. The
direction of needle should be slightly lateral
and towards the Ipsilateral nipple, Majority
of the cliniclans use ultrasound to locate the
internal jugular vein, In fact in many countries,
it has become mandatory to used ultrasound for
CVP insertion,

Once the internal jugular vein is punctured
stybet is removed and a | wire is passed through
cannula. CVP catheter is railroad over the | wire,
The Hp of catheter should be at the function of
superiar vena cava with right atrium {which Is
usudly 15 em fram the point of entry).

An Xeoray chest should be performed o
check the position of catheter and to exciude
pneumothoms,

Camplications

Mechanical complications:

o Arterial puncture: Carotid puncture is the
mast conunon acite mechanical complication
(incidence: 2-15'%)

*  Cardiac arrhythmias,

*  Pnewmothorax/hemothorax/chylothorax:
More commonly seen with Subclavian vein
cannulation

+  Cardiac pecforation/cardiac tamponade:
It is the most important e threstening
complication

*  Trawma to brachial plexus, phrenic nerve, and
airway.

Thromboembolic complications:

«  Arterial or venous thrombosls

«  Air ombolism

+  Catheter or gulde wire embolism.

Infectious complications;
o Insertion site Infection
*  Sepsis

Infection is the most carmmon late complication.

Pulmonary Artery Catheterization

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

Swan Ganz catheter Is used for pulmonary
artery catheterization, It is balloon-tipped and
Now-directed. The presence of catheter in different
parts of heartis confirmed by pressure recordings,
pressure tracings and distance from catheter tip.
Entry inte right ventricle s confirmed by sudden
increase in systolic owd pressure (pressure in right
atrium is (-8 mm Hy while in right ventricle it iy
15-30 mm Hg) while entry in pulmonary artery
is best indicated by swdden increase in diastolic
pressure (diastolic pressure in right ventricle
is 0-8 mm Hg while in pulmonary artery it is
515 mm Hg).

Uses of Puimonary Artery Cathererization

+  Measuring cardine chambers pressure (except
left ventricle ).

o Calewlating cardiac output and stroky solume:
Cardiac output is calculated by using ice cold
saline. The most commonly used method to
cnleulate cardiae output fs thermodilution
method where ice cold saline is injectod and
change is temperature is noted by a thermistor
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in pulmonary artery, The processors then
calculate the cardiac output by computerized
algorithms. The alternative to thermodilution
method are dye dilution (where in place of
ice cokd saline kdocyanine green or lithium s
injected and change in their colors & noted to
calculnte carcise output) and Fick principle
(which uses the oxygen consumed by body to
calculate cardiac ourput).

To decrease the Invasiveness of pulmonary
artery catheterization, a modified approach
wanspulmonary thermodilution method
is used where ice cold saline is [njected in
superior vena cava through CVP catheter and
thermistor is placed in femoral artery {instead
of pulmonary artery) 1o recard the change in
TEmperae.

Measuring pulmonary artery occlusion
pressure (PAOP) [also called pulmonary
capillury occlusion pressure), Previously
PAOY used o be called as pulmonary capiilary
wedge pressure (PCWP). PAOP represents left
arrial pressure. Normal PAOP s 4-12 mm Hg.
PAOP is besr utilized to differentiate between
cardiogenic and non-cardtogenic pulmonary
edema (ARDS). PAOP < 18 mm Hg Indicates
non-cardlogenic pulmonary edema while
cardlogenic pulmonary edema usually
develops at PAOP > 25 mm Hg

Taking sample for mixed venous blood
(pulmonary artery is considered as best site
for mixed venous blood sample). Oxygen
saturation of mixed vwnous blood 15 the best
Ludde to assess tissue perfusion {cardiac owgrut)
[Best clinical guide to assess cardiac output
is urinary output|. Normal mixed venous O,
saturation ts 75% (only 25% Is consumed by
tissues); less than 60% Indicates significant
deficiency in tssue perfusion,

Special pulmonary artery probes are
availlable which can continuously messure the
oxygen saturation of mixed venous blood.
Titration of fluid therapry: As PAOP moasures
predoad o 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 hypovolemin [Jess
predond to heart $o less stroke volume). High
PAOP and low stroke volume represents pump
fatlure, Lo, cardiogenic shock (heart to not able
to generate stroke volume ),

Echocardiography
(Transesophageal/Transthoracic)

In present day medicine rransesophageal echo-
cardiography (TEE) and transthovacic echocardio.
graphy (TTE) are the best tools to assess canliac
function and detect wall motion abmormality, ie.
{schemia (sensitivity >99%) in perioperative period.

TTE/TEE can measure all hemodynamic
parameters (Cardiac output, stroke volume, stroke
volume variation, left ventricular ejection fraction,
ete.), can detect structural changes (valvular
lestons, shunts), and diagnoese cardiac fallure
(systolie/diastolic dysfunction). TEE 1s also most
sensitive 1o detect alr embolism {can detect as low
a50.2 mL of air).

‘The advantage of TTE is that it is noninvasive
however limited access o thorax limits its use in
perioperative penod, TEE offers excellent window
o visualize heart in pertoperative period but is
invasive, can be used only for intubated patients
in general anesthesia and has potential 1o cause
life threatening complication such as esophageal
rupture [very rarely).

Gastric Tonometry

It measures gastrie mucosa pH and CO,. 11 s
very good indicator of tissue perfusion but is not
popular due to complex, time consuming and
cumbersomeness of the process,

To summuarize

Various methods which can be used in peri-
wperative period o caleulate cardiae output and
other cardiac functions such as stroke volume,
stroke volume vanation, vic, are:

Neninvasive

« Transthoracic echocardiography: Very simple,
cost effective and devold of any major compli-
cation, The major dissdyvantage is poor window
In obese patients and limited access n surgical
patients.

o Thorack bloimpendance: Six electrodes are
placed over chest which measures changes
in lung volume to calculate cardiae functions.
Accuracy of this technique is questionable in
many patlents.

Invasive

o Transesophageal echocardiography: Provides
best window for measuring and assessing




cardiae functions In intraoperative period bur
can be used only for intubated patients

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

o Pulse contour devices: Any artery (most
commuonly radial) is cannulated and pulse
contour device {Flotrac) is attached which
analyses the pulse wave to caleulate cardiac
functions.

o Parnial €O, rebreathing cardioe output can be
done only in intubated patient.

RESPIRATORY MONITORING
Measurement of Oxygenation

Pulse Oximetry

Pulse oximetry is the most busic and mandatory
monitor 10 measure the axygen saturation of
hemoglobin in arterial hlood {Sp(),). The prabe is
applied on fingers nailbed, toe nailbed, ear lobule
and tip of nose. Normal Sp0, « 95 10 98%.

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

Errors:

o Abnormal hemoglobins:
Carbvoyhemoglobinemia: Carbon mono-
xide has same absorption puttern of
red light such as oxygenated hemoglo-
bin therefore will overestimate the real
value.

Methemoglobinemin: Shows fix satura-
tion of B5%,
However, pulse oximeters perform accurately
In the presence of sickle and fetal hemoglobin,

o Anenmila: Severe anemia causes underesti-

muathon of actual values,

CHAPTER 6: Monitoreg in Anesthesia ‘

o Hyporolemia and vasoconstriction (especially
in cold): Difficulty in obtaining acrual values
and false low SpO, reading,

o Vsodilatatfion: Sight decrease.

«  Nall palish {especially Blue color); Tmpairs the:
transmission of Tight therelore shows false
reading.

o Shivering: Constant movement of finger
impairs continuous transmission of light and
hence false reading,

o SpO, befow 60%: Below 60% most Instruments
underestimute the sctual value.

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

¢ Dwves such as methylene blue or indocyvanine
green. However hyperbilirubinemia has no
effect,

Co-oximeters: As dixcussed that routine
pulse oximeters cannot differentiate between
normil and abnormal hemoglobin, therefore
are unrelizble in carboxybemoglobinemia and
Methemogloblnemia. Co-aximeters are the special
fypes of aximeters which can differentiate betueen
naymal and abnormal homoglobin,

Photoplethysmography: Pulse oximeter is
not only used 10 measure oxygen saturation,
variations in the amplitude of the pulse oximety
waveform can be used 1o assess fluld status and
responsiveness to flulds therupy 1n mechanically
ventiloted patienis,

Mixed Venous Oxygen Saturation (SvO,)

The limitation of pulse oximetry is that it measures
axygen saturation of arterial blood; it does not
indicate tssue oxygenation, Mived cenous axygen
saturation is the best indleator of tssue oxygenation,
Normal Sv0, Is 75%. Although the ideal sample
site is pulmonary artery but practically sample
from superior vena cava or even a peripheral win
maisy suffice,

Any condition which decrease oxygen defivery
to tissues (while the uptake remains normal)
like hypoxia, cardiae falluce, shock, Anemia,
carboxyhemoglobinemis or which Increases
axygen uptake Hke pain, shivering hyperthermia
leads to reduction in SvO,,

Conversely, conditions that decrease oxygen
uptake like sedation, anesthesia, hypothermia,
cyanide toxicity or improve oxygen delivery
like oxygen therapy, inotropic support, blood
transfusion lead 10 an increase in S0,



Regional Oxygenation (rSo,)

Mixed venous oxygen saturation Indicates the
oxygenation of whole body; it does not provide
information regarding specific oxygenation of
an organ or tissue. At present, the onfy monitor
which is used to measure cerebral oxygenation is
reflectance spectroscopy. Flectrades are placed over
forehead o measure frontal cortical oxygenation
(rS0,). Typical values of 1So, range from 55% to
BO% (Average of arterial, venous and caplliary
saturation).

Measurement of Expiratory Gases

Various technlques such as mass spectrometry,
Raman gas analysis, piezoelectric oscillation
cian be emploved 1o analyze and measure the
concentration of expired gases, howeser [n current
day practice, all monitors use infrred alorption
technique to measire concensration of all expired
gases except axygen and nitrous oxide, These
infrared devices work on the principle of Beer-
Lambert law which states that different gases
absarh Infrared light at different wavelength and
absorption in 4 mixture of gases is proportonal to
thelr concentration.

Capnography

It Is the continuous measurement of end tidal
(expired) carbon dioxide (ETCO,) along with
Its waveform, Normal i 32 /o 42 mm Hg (3 10
4 mm Hg less than artetial pCO,). Capnography
uses the same prineiple of infrared absarption.
Capnography is one of the most important and
sensitive tonl for monitoring in anesthesia.

Nﬂto& of monitoring
Side stream: Expiratory gas sample is tiken
and delivered to sample cell [enelyzer). The
major disadvantage |s that there s delay In
respanse and humidity can block the chamber,

o Mainspream: Sample cell is placed In
expiratory Hmb of breathing circuit, The major
disadvantage is increased dead space.

Normal wavetorm (Fig. 6.1): 11 has lour phases:
Phase I: Comains dead space gases with almost no

0,

Phase 11 Transition from phase 1 (dead space) 1o
phisse LI {alveodar phise)

Phage 111 Alveolar plateau

Phase 1V: Down slope at the time of inspiration.

Fig. 6.1: Narmal warveform of capnography

Uses of capnography

1. To cenfirm intubation: Capnography is the
surest echniegee 10 confirm intubation

2. Todiagnose the lollowing conditions:

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

Accidental exrubation

Compiete abstruction

Disconnection

Ventilation fallure

Cardiae arrest (there 15 no Wood 1o carry €O,
Srom tissues to lungs) 1t becomes zero after
few waveforms (CO, present in fungs keep on
exhaling for few breaths),

Decrease in ETCO, is seen In:

»  Pulmonary embolism by air, fator thrombus (it
may become 2¢ro, If embaolus s large enough
1o block toial pulmonary circulaton),

* Decreased production of CO, like in
hypothermia

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

*  Hyperventilation

Increase in ETCO, Is seen n:

Fxhausted sodalime or defective valves of

closed circuit which impairs the absorption of

CO, of causes Inhalatlon of explred CO,

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

o Decreased ventilation (like in nearomuseular
disvases, central resplratory depression by



oploids, thoracic surgesies) feads to retention
of CO, and hence proportionate increase in
expired CO,

= Bicarbonate administration (Bicarhonate on
metabolism produces CO.)

«  Bronchial intubation: ETCO, can signifi-
cantly increase In bronchial intubation dae
to increase in ventilation perfuston (V/Q)
mismatch,

No change in ETCO,

Bronchospasm/COPD; There is increase In

up-sloping (phase 1) of waveform but due 1o high

diffusibilty of CO, net value of ETCO, remains

normal even in severe bronchospasm

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

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

Different waveforms of capnography encoun-

tered in clinlcal practice

«  Notmal waveform o mechanically ventilased
patlent [Fig. 6.2(i):

«  Nowmal waveform for spontaneously breathing
patient [Fig, 6.2(i)]

Prolonged expiration (increased slope
of phase 1) for COPD, asthma patlent
[Fig. 62201
ETCO, baseline not coming to zero
[Fig. 6.2(iv)] indicates that patient ks inhaling
CO, which can be because of:
Defective expiratory valve (stuck open
leading to CO, getting mixed with
Insplratory gases)
- Exhausted CO, absorbent
Recovery of spontancous broath [Fig, 6.2(v)):
Cardiac oscillations (effect of pumping of heart
on lungs) [Fig. 6.2(vi)}

Fig. 6.2(ii): Normel waveloem for spontaneously
breathing patient

Fig. 6.2|v}: Recovery of spontanecds bieath



Apnea Monitoring for Nonintubated
Patients

Apnea is defined as cessation of respiration for
more than 10 seconds. It should be detected at
the earliess. For (nubated patients, apaea can be
detected reliably within seconds Iy caprography or
by atriay pressure monitors, However, detecting
apneda In non-intubated patients has always been
challenging. Apnea in a non-intubated patient can
be detected by either monitoring the atrflow at
nostils or by detection of chest movements,

«  Maonitoring the alrflow at nostrils; Airflow at
nostrils can be detected by placing scoustic
probe In nasal cavity, encasing patient
head and neck in tight canopy (can be very
claustrophohic for conscious patients) or using
noninvasive capnography (done by placing a

= al special ETCO, cannula in nasal cavity).
o Detection of chest movements; The methods
P SR FTC0; Sdosnty Beconmsng SHp emploved to detect chest movements are:

Impedance piethysmography (Respirutory
+  Increase ETCO, [Fig, 6.2(vii)] indicating: inductance plethysmography): The
Hypoventilation thorax is encircled by elastic bands
Defective valve (In elosed position) of containing conductor coil and move-
closed circuit ments are detected by changes in impe-
Maliynm hmnhermh dence. A modified version of iImpedance
plethysmography called as photoplethy-

. El’t’.o, suddenly becoming zera (flar line) mography is more sensitive.
[Fig. 6.2(viil)] Indicates: - Transthoracic impedance pulmonometry
- Extubation (also knoun as clectrical impendence pul-
- Discomnection monometry): A small current delivered
- Complete obstruction through ECG leads can continuously
Cardiac arrest detect uansthotacic electric impedance
s Decreased CO, [Fig. 6.2(ix))] indicates: which Is converted to respiratory rate by
Hyperventilation (most commaon cause) soltwire present in monitor. All advanced
~  Embolism ECG monitors have this parameter
Leakage of gas Incorporated in them, Flectrical impen-
- Partlal obstruction or partisl kinking of dence pulmonometry is the simplezt

tube, and maost commonly wsed method (o




detect apnea in a non-intubated patient.
However, measurements of respiratory
rate by using nesal FTCO, cannulas have
yield more aceirate residlts than technigues
using thorucic impedance technology,

The major limitation of these monitors iy
that they cannot detect obstructive spnea;
patient with upper airway obstruction may
still have puradoxical chest movements and
the monitor may continue 1o detect these
paredoxical moverments ds chest movements.

¢ Pulse oximeters do not directly detect apoes
but are very important indirect indicator of
apnea not anly in nen-Intubated patents but
in intubated patients too,

Oxygen Analyzers

In present day practice, oxygen analyzers are the
mandatory monitors because they monitor the
final value of oxygen delivered ro the patient
That’s why they are finted In inspiratory limb of
nnesthests circuit as near & 1o the parient.

Airway Pressure, Flow and
Volume Monitoring

Most of the modern anesthesia machines have
sensors for measuring alrway pressure, flow
and volume. Airway pressure should bo less
than 20 to 25 cm of H,0. High airway pressure
Indicates either obstruction in tube or circuit
or bronchospasm while low pressure indicates
disconnection o leaks Similarly, low tidal volumes
Indicate leaks or disconnections. Combination
of airway pressire, volume and flow monitoring,
axygen anaelyzers alony with Caprography
has bring the revolution in the safety of general
anesthesia; life threatening complications such
as accidental extubation, esophageal Intubation,
ventilaror failure, wbe disconnection from circuls
and complete tube obstruction can he detocted
within seconds,

Blood Gas Analysis

Por sampling, gless svringes are preferved over
plastic syringes. Syringe cshould be heparinized
and samples should be stored in ice if the sample
is to be sent at far place.

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

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

Normual vadwes ov room air

pH « 738 10 7.42

Partial pressure of axygen (pO,] = 96 10 98

mm Hg

Partial pressure =35 10 45 mm Hyg

of carbon dioxide (pCO,)

Oxygen saturation (SpO,) = 95 to 8%

Base deficit = -3+ 3

Blood gas values of mived versous blood

pO, =40 mm Hg

pCO, =46 mm Hg

Oxygen saturation = 75%

Mixed venous oxygen bettey indieates cardiae
il 1e, tissue axyRerwstion while arterial oxygen
is the better indicasor of pulmonary function. (for
details of ARG see Chapler 30),

Lung Volumes

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

TEMPERATURE MONITORING

Hypothermia is the maost comman thermal per-

turbation teen during ancsthesia,

The reasons ane

*  Most anesthetics are vasodilators, causes
heat transfer from core to periphery, and
consequently heat loss and hypothermia,

Moreover, they inhibit centrally mediated

thermoregulation and decrease the threshold

for response to bypothermia fraom 37°C

(normal) to 33°C to 35°C.

«  Cold environment {air-conditioned operation
theaters),

*  Cold intravenous fluids,

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

During general anestheséa core lemperature
decreases by 0.5-1.5°C In first hour and heat loss
may be as high as 30 keal/ hour

Hypothermia may be defined as core
sernperature less than 35°C, Tt is divided into:

o Mikd: 28°C 1o 35°C,
¢ Moderale: 21"Cro 27°C,

o Profound or severe: < 2000



Systemk Effects of Hypothermia

Cardiovascular system: Bradycardia, Hypo-
tension and ventricular arrhythmia's ar
temperature < 28°C, Hypothermia triples the
incldence of morbid cardlac autcomes

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

o Respiratory system: Deceeased minute volume
and resplratory arvest below 23°C. Oxygen
dissociation curve is shifted to left.

* Biood: Increased blood viscosity, impaired
coagulation and platelet function leads to
increased blood loss, and consequently
increases the chances of blood trnsfusion by
20%,

o Acid-base balance: Increased solubility of
blood gases, therefore Jess values on blood gas
analysis. Acidosis ocours because of lactic acid
production.

o Kidney: Decreased GFR, no urine outpat at
20°C,

o Endacrine system: Decreased adrenaline
and nor-adrenaline. Hyperglycemia occurs
because of decreased insulin synthesis.

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

o Lffect on wound: Hypothermia not only delays
thewound healing butalso increases the chances
of wound infection by 3 times,

o Jhermal discomfort in consclous patient.

Indications for Temperature
Monitoring
As the possibility of developing hypathermia
is high in intraoperative period, temperature
should be monitered in patients receiving general
anesthesia >30 minutes and In all patients whaose
surgery lasts > | hour {{rrespective of rype of
anesthesia), all cardiae surgeries, infants and small
children, patients subjected w large evaporative
losses such as burns, febrile patients and patents
prone to develop mafignant hyperthermia
Temperature can be measured as surface
temperature, core temperature and rectal tem-
perature. Core temperature > rectal temperature
> surface lemperature,
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Core Temperature Monitoring Sites

«  tsophages: Considering all factors such as
economy, accessibility, safery and performance
lower end of esophagus (s considered as best
site for core body temperaticre measurement,
The most accurate measurement of core body
temperature is provided by pulmeonary artery,
however, is not employed routinely due to
cost, technical Infeasibility and complications,

o Pulmovrary artery: This provides moest accurate
measurement bat use i restricted only to
patients who have Swan Ganz {pulmonary
artery) catheter already in place.

o Nasopharyna: It measures not only core
temperature but also brain temperature
(because of close proximity of carotid artery)
but there is assoclated risk of epistaxis.

o Jympanic membrane: Mos! accurately
measires brain temperature but the associated
risk of tympanic membrane perforation deters
its routine use,

Treatment of Intraoperative Hypothermia

o Warm intravenous fuids

o [Increase room temperature: The ideal operation
thearer temperanire for adults is 21°C and for
children s 26°C,

»  Cover the patent with blankess.

o Surface warming by warm alr provided by
speclal Instrument (Balr Hugeer airflow
device) iz the most effective method of treating
hypothermia in perloperative perfod

Uses of Induced Hypothermia

Hypothermia decreases basic metabolic rate

(BMR] and oxygen consumption of the body, Fach

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

baric rate by 6 to 7% However, for clinical purposes

only mild hypothermia is protuced (temperature

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

induced for;

«  Brain protection in cardiac anest.

« Tissueo protection against ischemia during
cardlac surgery,

¢ Neonatal asphyxia

NEUROMUSCULAR MONITORING

Neuromuscular monitoring is usually required for
patients suffering from neuromuscular diseases



and muscular dystrophiles or in patients who had
recelved long-acting muscle relaxants,

A nerve |s stimulated by placing electrodes
over its course und the response {visual and wetile
or electromyographic) is observed in the muscle
suppliod by it. As the effect in Corrugator Supercilii
and Orbicularis ocull (supplied by faclal nerve)
parallels with the laryngeal muscles they are the
ideal muscles for monitoring (Corrugator Supercilis
considered more ldeal than Orbiculariy oculi),
However, due to technical infeasibility of applying
electodes over face, they are not used routinely;
maost commonly wwed miusele for neuromuscular
monitoring is adductor pollicis supplivd by uinar
neree. Other necrves which can be used are median,
posterior tibial and peroneal,

Stimuli Used for Neuromuscular

Monitoring

s Single twitch: A single stimulus s given tor
0.2 milliseconds. Both depolarizing and non-
depolarizing muscle relaxants will cause
depression of single twitch in dose-dependent
ITRINTWE.

¢ 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
lor 2 seconds and recordings are taken, Four
tesponses recorded are labeled as T, T, T,
and T, [Fig. 6.3(1)]. The ratio of T4t T1 (called
as TOA ratio) is sutomatically calculated by
monitors. In normal condition, the amplitude
beight of fourth and first response will be
same, Le T/, ratio will be 1.

-
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It Is observed that with depolarizing
muscle relaxants all four responses decrease
simultancously in amplitude, ie T/T,
remains | |Fig. 6.3(ii)] to finally become
0 when all four responses becomes absent
(required for intubation). With non.
depolarizing muscle relaxants, first there will
be decrease in T,/T, ratio followed by FADING
which means T, response will disappear fiesy,
then T3 and so on. This is called as TOJ score.
1f only one response is seen means TO4 score
i5 1 and if 2 responses are sten medns 104
score is 2 [Fig, 6.3(ii)]. The reason foe fading
seen with non-depolarizers is nat only slow
and progressive blockage of acetylcholine
receptors at neuromuscular junction but also
slow and progressive blockage of aceryicholine
mobilization at prejunctional level,

Absence of T4 response [Fig. 6.3(iii)c|
means 75% blockade of receptors whick is
sufficient for most of surgeries. Absence of
T3 |Fig. 6.3(iii)d] means 60% blockade and
absence of T2 [Fig. 6.3(iii)e] means 90% block
(Diaphragm is completely blocked at this
level), Intubation requires complete absence of
all 4 responszes (100% block),

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

Truln of four is also very useful In diagnosing
phase 11 black {which s seen in over dosage
of succinylcholine or abnormal plasma
cholinesterase actlvity). If the putlent on

Fig. 6.3: Newromuscular moenitoring [ Train of four response)



succinylcholine shows fading, It is pathogno-
monic of phase 1 block,

Tetanic stimulation: A sustained stimulus of
50100 Hz Is given for 5 seconds. Depolarizers
will extiibit diminution of all responses while
non-depolarizers will show fading followed by
post-tetanic facilitation. This facilitation occurs
as u result of response generated by Increased
acetylcholine released from prejunctional ares
by tetanic stimuius

Post-tetanic count (PTC): A stimulus is given
just after the tetanic stimulation, As discussed,
tetanie stimulation will increase acetylcholine
levels at neuromuscular Junction. This
increased acetylcholine will replice some
modecules 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 1o continuous stimulation, therefore
will not respond to increased acetylcholine.
Absence of PTC with non-depolarizers indi-
cutes 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
&t & gap of 750 milliseconds. The results
are similar 10 other responses with non-
depolarizers exhibiting fading.

Tetanic, pust-tetanic count and double

burst stimulus are very high intensity stimuli,
therefore are used 1o assess deep blocks or
where neuromuscular monitoring Is done
by visusl observation of movement (like
adduction of thumb after stimulating ulnar
nerve )
To conclude: Adductor pollicis (supplied
by ulnar nerve) is the most commonly
chosen muscle and Train of four is the most
commonly used stimulus for nearomusculas
monlitoring, Fading, post-tetanic facilitation
and paost-tetanic count are only exhibited by
non-depolarizing muscle relaxanis.

CENTRAL NERVOUS SYSTEM (CNS)
MONITORING

CNS Monitors

Electroencephalogram (EEG)
Uses of EEG

To monitor the depth of anesthesiia

To assess cerebral ischemia during nouro-
vascular surgeries (especially carotid
endartereciomy)

Effect of anesthetic agents and modalities on
EEG:

All Inhalstional and Intravenous anesthetic
agent produces biphasic pattern on EEG,
Le. at lower doses, thoy causes excltation
(high frequency and low amplitude waves)
followed by depression (high amplitude and
low frequency waves) at high doses with the
following exceptions;

Opiolds only produce depression,

Nitrous oxide and ketamine only produces

excitation.

Opioids, benzodiazepines, dexmedeto-

midine and halothane cannot produce

complete suppression (Le. isoelectric

ELG or electrocartical silence or burss

suppression ) even at higher doses.
Similar pattern has been seen with hypoxia
and hypercarbia, Le. early (mild) hypoxia
and hypercarbia produces excitstion 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): Uselul
for surgeries which put sensory tracts at risk
like spine surgeries, repalr of thoracic and
abdominal aorta aneurysm, brachial plexus
exploration or surgery of brain ares which
ivoltves thalamus or sensory tract.

Brainstem auditory evoked response (BAER):
Useful for procedures involving auditory
pathways (1ike resection of acoustic newroma)
and postarior fossa surgeries.

Visual evoked response (VER): Usetul tor
procedures which put visual tracts at risk such
as optic glioma, plnitary tumors etc,

Maotor cvoked response (MER): Useful for
surgeries which put motor tracks (at spinal
coed or brain) ot risk

Effect of anesthetic agents and modalities on
evoked responses:

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




responses, Le. decreases the amplitude and
Increases the latency (response time ).

*  Etomidaw, ketamine opiokds and dexmedeto.
midine do not have any clinically significant
effect on evoked responses,

Monitoring the Depth of Anesthesia

Clinical Signs

Signs of light anesthesia are:

*  Tachycardia, Hypertension,

¢ Lacrimation, Perspiration.

*  Movement response to painful stimuli,

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

¢ Eye movernents

* Preserved reflexes [like oculocephalic,
corneal)

Monitors

Electoencephalography (EEG)

Light anesthesia (subanesthetic depth) iy 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 und slower in frequency
{appears like alpha waves), Further increase in
depth causes further siowing of EEG (theta and
delta waves). To conclude, It can be sald that beta
wares in prefrontal area indicate light anesthesia
while theta und delta waves indicate deep
anesthesia,

Due to technical infeasibility, difficult inter-
pretation, artifacts, Interpretation effected by
multiple factors, EEG cannot be employed
routinely 10 monitor the depth of anesthesia,
However, there are EEG based monitors which can
be utilized to moniter the depth of anesthesia.

EEG-based monitors

s Bispectral index (BIS} monitor: It was the
Jirst scientifically validated and commerciaily
avaflable monitor to monitor the depth of
anesthesia. 1 analyzes multiple facets of real-
time EEG to generate a score by set algorithm,
It exhibits & score of 100 lor fully awake state
and 0 for completely silent brain. Bispectral
index score (BIS) score of 45-60 Indicates
adeguate depth.

*  Patient state incdex: 1t is same like BIS index,
however, & score of 25-50 indicates adegquate

depth.

¢ Narcotrend: It analyzes FEG to give b stages.
from A to E A represents awake state while F
represents silent EEG,

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

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

End-tidal anesthetic concentration

In spite of studles showing that maintaining end-
tidal concentration of inhalational agents between
0.7 and 1.3 MAC 18 as effective as BIS 10 monitor
the depth of anesthesia, it is not considered as
highly reliable because It s an Indivect measure
of level of consclousness, Moreover, It can be
used only to monitor depth with inhalational
agents (cannot be used for wtal intravenous
anesthesia),

Auditory-evoked response

Although difficult to monitor but s considered
as reliable as BIS index to monitor the depth of
anesthesia,

Cerebral Blood Flow Monitors

e Xenon™ wash out—very cumbersome device

*  Transcranial Doppler—uvery simple and non-
Invasiie method to monitor cervirai blood flow

*  Jugular veln oxygen saturation

o Cerebral oximetry by special probes applied ar
forehead

o Thermodilution: Itisinvasive method, 2 theem-
istors of different temperature are placed in
brain and difference in temperature is noted w0
calculate blood flow,

Monitoring Nociceptin

Till date, we do not have a monitor which can
measure the Intensity of pain during general
anesthesia and we have to rely on clinical signs
such as hypertension and tachycardia.

MONITORING BLOOD LOSS

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



On an average (o rough gulde): »  Fully soaked sponge means 100-120 mL of oss.
*  Fully spaked swabh means 20 mlL of Toss, o Afist of clots means 200300 mL of Joss.

KEY POINTS

o M spite of avaiabiiny of sophvsicated monitars nothing can replace the Woliants of 3n snesthatst,

o The mast predared feads 1or BCG moniating are lead |l and V.. Arhytheris are best detected in fead § and
Hchermial in lead Ve,

» THE maximum irtéoal betwean two blood presse 2otings shoukd not axcead mam than 5 minutes

o Invasive blood pressurs monitonng s consdersd as gold standard monitoning of blood pressure,

o A3 1ad anery has coltsterals Sransgaimar arch) foe the blood supply of hand, it is most cammonly chosen
artsey for Cantulation

o Mexwing dynamic parametars ke stroke volurre saristion by atterisl cannulation may be consideed & one
of the most racant aod usefid advancement in the fied of monimorng

o PROR is bast utitzad 1o diferantiate Detween cardiagenc and roscardiogenic puinonary edema 1ARN0S)

s Oxypen satumtion of mised vimous biood (5 best guide to assess tissue perfusion adiac oulput),

o In present day mediong transmophagesl schocedogaphy (TEE) and tansthotace echocardiograohy (TTH)
are the Dast 10044 10 &tsess cardtac function and detact wall motion abrormalty, | & Boherds in padoneative
perod

e Trarasopnageal acnocmdiogtaphy provides e bes window 100 massunng and axsnvng candiac luncions
Iy Intraopesative petiod

s Co-oumeterns ar the speclal type of osmetens whch Can difizrerctiae Detween nomal and abnormal
hempglonin

s Incurment doy practice all monitars use alrared staception technrigue to measure concentration of ail expired
Qases secapt QRygRN AN0 NIOuS oude

» Caprogmphy i the sungst techniqua 1o corfir inmubation

o Flectncal impendence pulmonometery Is the simplest snd Mo convnondy usad rechod 1o detect apnoa in
& hen-ntubaled patient.

o Hypothermia i the mast common thermal panutaton séer AuIng anesthesa.

s Temperatute should be monltared i patients receiving genetal anesthesa » 30 mirutes and inall patients
whose surgery lasts > | hour Tnessecive of type of anesthesa),

s Lowwrend of esophagus inconsidered a hest éne for coe body temperatune meatumment. Howovar, tha most

acourarn mexsurnment of cone body temperatiee iy provided by puimonaey amery.

Tach degree (T fall in ternperatuie raduces the im=abolic rte by 610 7%,

Mott commonly usad musce for aegramuscular monitaning s adductor pollics sippied by uinar neme.

Tean of fou) s the mastcommonly used modality for neveormuscular monitoring in clnics practice

Fading, posttetani facliation and post-ezanic Count are only extibined by non-cepolafizing musche relyants

Bapectzal index HIS] monioe & the first scientifically valldated and commendially svalable manitor to assess

the depth of anesthesy



Fluids and Blood Transfusion

FLUIDS +  Rlood.
Fluids are divided into crystalloids and colloids. Tuble 7.1 shoves differences between crystal-
loids and colloid ssdutions.
Crystalloids
o ieklacti i) CRYSTALLOIDS
* Normalsaline (NS} Balanced Salt Solutions
*  Glucose solutions .
« Dextrose with normal saline preparations Hinger Lactate Solution
(DNS) (RL; Hartmann Solution)
* Hypertonic saline, Gumpoumon of ringer lactatr is;
151 mEg/L
Colloids a 111 mEg/L
*  Dextrans K 5mEq/L
v Albumin Ca™ 2 mig/L
o Gelating Lactate 29 mEq/L
»  Hydroxyethyl starch pH=865

8 Tabde 7.1: Differences between crystallods and coffoid sohations

+ May be sotonic (NS and 5% dextrose), hypertonic (DNSand  + Hypertonic solutions
bypertonic salne!

+ Can precpitate sdema by easity difusing 1o interstitial . mmmmnawmm
wmmgmmm




Ringer lactate is slightly hypotonle (Osmolarity
273 mosm/L), Lactate is metabolized o
hicarbonarge.

As RL contains calcium blood should not be

given through the same drip set.
Plasmalyte
The composition of plasmalyte is:
Na® 140 mEq/1.
Cl 98 mEqg/L
X ImEqg/L
Mg ImEg/1
Acctare 27 mEq/L

Gluconate 23 mEqg/L

Acetate and gluconate are metabolized to
generate bicarbonate.

‘The concerns that lactate in ringer lactate can
cause lactic avidosis Jead wevalution of plissimilyte.
However, this concern may be only applicable
1o liver failure patients who cannot metabolize
lactate. As plasmalyte has low porassium it may be
preferred lor renal fallure patlents otherwise for
a normad patient plasmalyte offer no substantial
advantage over Ringer lactate and is almost 3 times
more expensive making Ringer lactate to be the
preferved crystalloid.

Normal Saline
Ttis 0.9% NaCl Isotonie solution,
Na' 154 mEq/L
cl 154 mEqg/L
As normal saline contains high sodium
and chloride it can cause hypermatremia and
hyperchloremic metabolic acidosis {increase
chloride decreases bicarbonate). 1t Is only
pwc&rred aver ringer lactate for treating:
Hypochloremic metabolic alkalosis,
+  Brain injury (Ca”™ in ringer lactate can increase
the neuronal lnjury).
¢ Hyponatremis.

Glucose Solutions (5% Dextrose)

These are isotonic but with the metabolism of
glucose inside bocdy they become hypotanic.

HBlood cannot be given through the same
drip set otherwise rouleaux formation will cause
clumping of RECx.

Dextrose Normal Saline (DNS)
*  DNSis hypertonic,

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

Hypertonic Saline

Used for treating:

*  Hyponatremia,

¢  Cerebral and pulmonary edema; 3% hyper-
tonie saling is now even preferred over
Manniol

COLLOIDS

Dextrans {Lomodex)

Available as Dextran 70 {molecular welght 70,000
Dahons), 150 (molecular weight 1,50,000 Daltons)
and 40 {molecular weight 40,000 Daltons),

e Dextrans ame polysaccharides.

» These solutions can be stored for 10 years,

o Half life of dexmrans is 2-8 hours.

Advantages

¢ Dextrans are neutral and chemically inert.

«  Low molecular weight dextran (Dextran 40)
improves microcirculation therefore useful for
vaseular surgeries,

Drawbacks

o Dextrans Interfere with blood grouping and
cross matching,

+  Interferes with platelet function.

*  LCan cause severe anaphylaxis.

« Large molecular weight dextrans can block
renal ubules.

= ARDS {rarely) because of direct toxic effect on
pulmonary capillaries.

Albumins

Availuble as 5% and 25% solution, Albumins have
an intravascular half-life of 10-15 days but are
quite expensive. Albumin is more useful if there is
protein loss like in peritonitis, liver failure, bums
and protein losing enteropathies/nephropathies,

Gelatins (Haemaccel)

¢ Molecular weiglht: 30,000,

o Available as 3.5% solution.

o Composition of Haemaccel: Fach liter
contains:

o Gelatim 35y




Sodlum: 145 mEq

Chloride: 145 mEqg

Potassium: 5 mEq

Calclum: 12 mEq

Expand plasma effectively for 2 hours (25% may
be present In blood after 12 hours).

At clinically used doses gelatins do not
interfere with blood grouping, plateles function
and clotting but at high doses they can also
Interfere with clotting. There ks always a possibility
of severe anaphylactic reactions.

As haemaccel contalns high calctum therefore
citrated blood should not be mixed,

Hydroxyethyl Starch
Two kind of hydroxyethyl starches available are
Hexastarch and Pentastarch, Hydroxyerhyl starch
(Haes-Sterid) are the must commoniy used colloids
i cwrrent day practice, They are available as 6%
and 10% solution, They have prolonged half-life
and expand plasma offectively for 4 hours,
Although at clinically used doses they does not
interfere with clotting but at high doses (20 mi./kg)
trey also interfore with dlotting and can couse renal
dysfuncrion. Allergic reactions are less commaon,
Allergic reactions and interlerence with clotting
are almost same with Pentastarch and Hexastarch,

Hextend

Hextend isanother hydroxyethyl starch which also
has glucose and lactate and is considered to effect

congulation less than hydrmxyethy! starch.

FLUID MANAGEMENT

Fluids are required in intraoperative period for
maintenance and replacement (for losses).

Maintenance Fluids
Hourly maintenance requirement is caleulated by
formula of 4-2-1.

Upto0-10kg =4 mL/kg/hr

10-20 kg =2mL/kg/hr

>20kg =1 mi/kg/hr
Example: For a patient of 50 kg hourly fluld
requirement will be caleulisted as:

Upto 10 kg go 4 mi/kg = 40 ml

10-20kg@2ml/kg =20ml
20-50kg@ tmlkg  =30ml
Towal = S ml
@ = at the rate of

Selection of Nuid for maintenance: Anesthesla
and surgery are the stresaful situations which
releases GH, cortisol and catecholamine leading
10 hyperglycemia. Therefore, balance salt solutions
without dextrose should be used, Ringer lactate,
being considered as fluid most near ta normal
body composition, is the fluid of chaeice for
maintenance.

As thought previously, children wre not so
prone for hypoglycemia; therefare dexirose
containing solutions along with hyperglycemia
of stress can cause hyperglycemis and its con-
sequences in pediatric population too. Therefore,
even for children the fluid of cholee for maintenance
is Ringer lactate. As children are prone for fluid
averload therefore they should receive only
two-thiled of the fludd caloulated by 4-2-1 formula.

Replacement Fluids

Hemorrhagic shock with loss > 20% of blood

volume should be managed by blood replacement.

Non-hemorrhagic shock and hemorrhagic shock

with volume loss < 20% is managed by crystalloids/

colloids, Urysralloids are preferred over colloidy
due to the following reasons;

o Crystalloids not anly replace intravascular
volume but they nlso replace extravascular
volume (and cellular hydraton depends on
extravascular volume),

o Crystalloids do not interfere with clotting
while all colloids in high doses can interfere
with clotting.

«  Colloids can canuse ronal dysfunction
Cololds are expensive

¢ There is risk of anaphylactic reaction with
colloids.

Contrary 1o the presious belief that 2/3rd of
the crystalloid crosses the endothelium 1o
enter the extravascular space (interstitium)
and therefore should be replaced in a ratlo
of 3:1 to intravescular volume loss, it has
been now been proven that only 40-50%
of ceystulloids crosses the endothellum.
Therefore, crystalloids should be replaced in «
ratoof 1.5:1, For example, blood loss of 100 mL
should be replaced with 150 miL of crystalloid
Therefore, It can be well concluded that
colloids are anly reserved for severe shock where
maintenance of intravascular volume is vital.

Mild 1o moderate shock should be munaged by

crystalloid,



Crystalloids of choice for replacement are
balanced solf solutions (Ringer lactate proferred)
whiile colloid of cholce &5 albumin, However, due
1o very high cost and possibility of bacterial
contamination albumin is not wsed and hydro-
xyethyl starches are continued 1o be the most
popular choice in most of the world including
India.

Calculation of intraoperative fluid: It includes
maintenance fluids (caloulated by 4-2-1 formuls)
+ fasting deficit (maintenance fMuid = hours of
fasting, 50% given in 1st hour, 25% in 2nd and 25%
in 3rd howr) + 3rd space loss (vary from 2.6 ml/
kg) = compensatory intravascular expansion (as
compensation to effect of anesthesia of decreasing
cordiac output) + lasses,

As a rough guide during surgery, flukd is given
at e of 10-12mL/kg in Ist bour and later at o raw
of 5-7 mL/kg /hour + losses.

Guiding Parameters for Fluid Therapy

Studies done over kst fow years have shown that

fluids given randomly without guiding parameters

(maintenance by 4-2-1 formula and replacement

I 1:3 ratio) causes fluld overloading. This lead 10

the concept of gow! directed therapy (GDT). GDT

means giving fluiis by measuring dynamic cardiac

functions such as:

»  Flow time through aorta (target should be >400
milliseconds)

= Swoke volume and pulse pressure vardation

(means varkation in stroke volume and pulse

pressure during inspiration and expiration ).

Variation >10-15% confirms hypovoleniia
*  Cardiac output.

These dynamic parameters ¢l be measured
by esophageal Doppler, transesophageal echo-
cardiography or simply by pulse contour devices
like Flatrac {these devices analyses the radial pulse
contour to derive these dynamic parameters ).

In the absence of above said monitors
pulmossary artery occlusion pressure (PAOP) can
be used, PAOP < 8 indicates severe hypovolemia
and > U indicates fluid overload.

Although the static parameter, Le, CVI Is mos!
cammonly used [due 1o technical feasibility und
oost) houwver, the dynamic parameters like stroke
volume vartation. pulse pressure variation, candiac
output and PAOP are far more superior 1o CVP for
determining the fluid status and titrating the fluid

. S L L ’l *”

therapy. Amony the dynamic parameters stroke
volume weriation is considered as most reliable to
assess fluid states and titrate fluld therapy.

Practical Guideline for Fluid Therapy

The practical recommendation is that normal
Patients undergoing minor to moderase surgeries
are given maintenance fluids by 4-2-1 formula
and replacement fluids in ratio of 15 however
the patients suffering from major morbidity
(especially cardiac and renal) and undergoing
mitjor surgeries should receive Quld by GIYL

Fluids for Certain Clinical Situations

Commonly Encountered

o Renal failure: Fluids should be guided by
cardiae monitoring (goal directed therapy).
Crystallold without potassium (Hemosal)
is preferred. Normal saline by causing
hyperchloremic acidosis can cause hyper-
kalemia therefore should not be used. Collolds
(particularly hydraxyethyl starch) cause romal
dysfunction and therefore must not be sused.

o Liver failure: Fluids should be gulded by
curdiac monitoring, Metabolism of lactate and
acetate s reduced so balunce salt solutions
should be used carefully. Albumin is preferred,

e Cardlac fallure: Fluids (either crystalloids
or collolds) must be gulded by cardiac
monitoring. Collokds In low volume may be
beneficial by decreasing edema in congestive
heart fatlure.

o Intestinal obstruction; Except for upper GI1
losses (where due to hypochloremic atkilosis
Normal saline Is preferved) Ringer lactate is
the fluid of choice for G losses,

o Cerebral edema and pulmonary edema
(ARDS): There is no doubt that colloids are
excetlent In reducing cerebral and pulmpnary
edema (by increasing intravascular oncotic
pressure) if there (s no endothelial infury.
Previous concern that endothelial damage
leaneds to extrivasation of collokds and aggravate
edema has not been substantisted therelore,
U needed. colloles can be safely used in head
injury or ARDS, Tlyperglvoemia can worsen
neuronal (njury therefore dextrose containing
solutions should not be used in case of cerebral
edema.
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*  Burny: The conventional method of giving
fluid Is as per parkiund formula, Le. for first
24 hours give ringer lactate ot a rate of 4
mL/kg/% of bums (of this total fluld 50% is
to be given in 8 hours and remaining 50%
in next 16 hours) has led ta fuid overload
therefore current recommendation Is 1o st
fluid a3 per parkland (or any other) formuls
but lmmediately siart tapering once urine
output becomes > 0.5-1 mL/kg/hr. Colloids
previously were considered contraindicated
In acute phase but now can be glven even In
acute phase, [ necessary.

Shock (Hypovolemia): Crystallolds preferred
aver colloids and nmong crystalloids ringer
lactate |s the fluld of cholce, (For detalled
mangagement of shock see Chapter 40, page no.
285),

Sepsis: There ks very high possibifity of renal
impairment {(or impending impairment)
therefore colloids should be avoided,

Other Routes of Fluid Administration

In case of emergencies where wein is not accessible:
o Intenosseous route; A Sarge needle is inserted
in medullary cavity of upper tibia, As per new
guidelines this route is now recammended for
all ages. All medicines and fluids can be given
through this route.

Subgutaneows alter administration of hyaluro-
nidase into outer side of thigh, Not considercd
a relisble route

BLOOD TRANSFUSION

Indications for Transfusion

Considering the complications associated with
blood transfusioen, 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:

8 Table 7.2: Compatibility testy

AB{Utiversal seciieny  Arigen Aand®

+  Blood luss greaters than 200 ol blood volume

+  Hemoglobin level less thas 8 g% in normal
patient

*  Hemoglobin fevel less than 9 to 10 gm% In a
pagient with major disease lke lschemic hean
disease.

o 1 unit of bleod raises the hemaoglohin by (0.8
8% in India while in western counlries by |
4% becavse in India, 1 unit of Wood = 350 mil.
(301 mi of blood + 48 mL of anticoagulant)
while in western countries | unit caontains
450 ml (out of which 63 mi. is ansicoaguiant).
Cme unit of fresh Dlood (with 100% RECs while
stored biood has only 70% RBCs) increnses Hb
by 1 g%,

+ HBlood products should not be mixed with
5% dextrose (dextrose can cause hemolysis),
ringer lactate and hemaccel {is these solutions
contain calchum which with citrste can induce
clot formition ),

Blood Grouping and Compatibility Testing
Although red cefl membeane contains more than
300 antigens ansd 20 blood group antigens are well
knicwn but sgill the mogt important ix ARO grouping
because most seripus mismatch pransfusions
reactions are wsueally caused by ABQ incampuatilile
blood.

An individual who lacks particular antigen
will have antibodies against thut antigen in his/
her serum, For example in a person with antigen
A on BBC (group A) will have antibodies againse B
antigen and similarly group B individual will have
antibodies against A andgen (Table 7.2).

Compatibiiity Tests

¢ ABO-RN typing (determining blood group):
First step & to determine patient’s blood group
in which patient’s red colls are tested with
serum known to contain antibodies against
A or B. Red celly are also wsted with anti D
untibodies to determine Rh +ve or -ve,




o (ross matching: Patient's (recipient) serum
is mixed with donor cells. It involves three
phases. In first phase ABO incompatibility
1s determined, It takes 1-5 minutes. Second
phase determines antibodies of Rh system,
It takes 30 minutes. Third phase (indlrect
antiglobulin test) determines Incamplete
antibodies of other syssem like Kell, Duffy et

o Antibody screening: It is done in both donor
and recipient plasma to detect ansibodies
known to cause non-AB0 hemaolytic reactions,

Type and Screen

In this technigue ABO Rh typing (blood grouping)
and antibody screening is done (ie, cross march
not done). This is based on the fact that incidence
of hemolytic reactions with only type and screen
is less than 1% (0.01%). So it is advocated that
for surgesies in which chances of ransfusion are
less than 10 only type and screen is done and
if ransfusion is required then only cross match
should be done,

Emergency Transfusion

If there s no time o determine ABO group (or
there is same problem in determining recipient
bilood group) then O <ve (untversal donor) red cells
should be used, () -ve red cells are preferred over
O -ve whole blood because it Is soen that some
O -ve donors may have antl-A and anti-B
antibodies in their plasma,

Storage of Blood

Blood is stored in the cold part of refrigerator at 4°C

(never in the freezer),

o It can be stored for 21 days If acid citrate
dextrose s used,

e It can be stored for 35 days If the preservative
antcongulant solution used s COPA-)

C for Cluate as anticosgulant

D for Dextrose as energy source for red cells.
P for Phosphate as huffer,

A for Adenine to Increase the red cell survival,
CIPA &s most comemonly wed anticoagulanl
i india.

o It can be stored for 42 days If anticoagulant
preservative salution used is ADSOL {Adenine,
glucose, mannitol and sodium chloride)
or NUTRICE (Adenine, glucose, citrate,
phosphate and NaCl) and Optisol,

Changes in Stored Blood

pH : Decreases (6.98 at 35th day of
storage)

Hemoglobin  : Decreases (70% at 35th day)

concentrtion

Hematocrit : Decreases (40% at 35th day)

Potassium s Increases

2, 3DPG level i Decreases (< 1 pm/mL at 35th

day: normal Js 13.2 yum/mL)
Matelets : Decreases (only 5% at 48 hours)
Clottlng factors ; Factor V only 15% at 21 days,
Factor VIIl only 50% at 21 days.
Rest all factors are comparatively
stable in stored biood.

Massive Blood Transfusion

It is defined as transfusion of blood more than
putient’s bloed volume (5 liters) In less than
24 hours. It also implies trunsfusion of more than
10% of hiood volume in less than 10 minutes

Blood Component Therapy

Packed Red Blood Cells (PRBC)

I current day practice it Is the packed red cell unit
which is always preferred over whole blood due to

the following advantages:
o lnfections and allergic problems related to
plasmia can be avoided,

+  Cardiac overload due 1o whole blood can be
avolded,

*  Whole blood can be utlized to extract other
produces like fresh frozen plasma, platelets,
cryoprecipitate, white cells, et

o Hematocrit of packed cell unit is 70% and the
volume s 250 mi.,

« The half-life of transfused RBCs is less

(60 days).

Frozen RBCs

o Theseare expensive but the chances of reaction
and disease transmission are very low.

o The frozen RBCs can be stored up to 10 years
Intercelbelar 2, 3 DPG can be retained for years
in frozen RBCs.

fresh Frozen Plasma (FFP)

« In FPP, plasma is frozen within 6 hours of
collection.,

«  Volumeis225ml.



= FFP coatains all coagulation factors and
plasima proteins.

Indications of FIP

*  Treatment of coagulopathies associnted with
liver diseases, blood transfusion, ete.

Reversal of warfarin therapy.

Antithrombin 111 deficiency.

Plasma protein deficiency (fresh frozen plasma
is poor man’s albumin),

*  Each unit of FFP increases the level of sach
clotting factor by 2-3% ({initial volume of
Infusion is 10-15 mlkg)

* ABO compatibility with FFP may not be

necessary hut highly desirable.

Platelet Concentrates

Volume: 50 mL.

Platelets are the only blood products which
arg stored arf raom lemperature, Survival at
room temperature Is 4-5 days while at 4°C it Is
24-48 hours.

o | unit of plateler increases the count by
5,000-11), 000,

¢ Transfused platelets generally survive for
2-7 doys following ransfusion.

o ABO compatibility is desivable but not neces-
sary (if large number of units are to be given
then ABO compatibility becomes necessary).
Rh matching Is highly deslrables for young
female patients to avoid R immunization in
future pregnancies,

* Since platelets are derived from muliple
donors, the chances of disease transmission
are high, Single donor platelets (SDP), where
multiple units of platelets are derived from
single donor by apheresis machine, can
largely solve this problem. One unit of SDP is
equal to 5-8 units of randont donor platelers
(RDP) therefore {ncreases platelet count by
appraximarely 30,000-40,000,

* As the platelets are stored at room tem-
perature {which promotes bacterial growih),
the chances of infection is further increased

with platefets.

Cryoprecipitate
Volume: 10 mL,

1 unit of cryoprecipitate contalns -145
units of facter VIII and 250 mg of fibrinogen.
Cryoprecipitate also contains factor XHI and von

Willebrand's factor. Cryoprecipitate is pooled
from maony donors so there is maximum chance
of disease trussmission wnong all blood products.

Granulocyte Precipitate
Indicated for neutropenic patients.

COMPLICATIONS OF BLOOD
TRANSFUSION

Transfusion Reactions
These roactions may be allergic or hemolytic,

Hemolytic Reactions
Hemolytie reactions can be:
*  Acute

¢  Delayed

Acute hemolytic reactions: These are usually due
10 ABO incompatibility (mismateh reaction). The
maost commaon canse of these transfission reactions
Is clevical ervor. There Is intravascular Jemolysis.
Incidence s 1in 6,000t | in40,000 (sl hemolytie
reaction incidence is 1 in 100,000), Blood as low as
10 mi. can produce hemolytic reaction,

Clinical manifestations: The awake patient
presents with pain and burning in vein {eartiest),
tever with chills and rigoes, nausea and vomitng,
fushing, cheat and flank pain, dyspoea,

In anesthetized individual it is manifestod as
tachycanita, hypotension (therefore regular blood
pressure monitoring during early transfusion Is
necessary | and ouzing from surgical site (more
specific).

It 15 confirmed by hemoglebinuris, The
hemoglobln crystals block the renal tuhules

leading 1w acute renal fallure.

Management

*  Stop transfusion,

* Recheck the details of blood stip.

o Send the remaining blood back to blood bank.

o Maintain the urine output (1-2 mL/kg/hr) hy
mannitol and Mud adminkstration,

s  Dopamine in renal doses {2-5 pg/kg/min)
improves renal biood Row,

*  Alkalinize the urine.

o Hemodialysts,

Assay urine hemoglobin, platelet count,
fibrinagen feveland PTT (to diagnose DIC) and
replace with blood components docordingly.



Delayed hemolytic reactions: These are exon-
vaseular bemolytic reactions. These are usually
due to Rh system or other systems like Kell,
Dulffy, etc. These reactions are mild and seen
after 2-21 days. These reactons are diagnosed by
Coamb's test, The treatment &s anly supportive.

Treatment: Only suppartive.

Allergic Reactions

These are usually mild, manifesting as urticarla
and are mainly due to plasma proteins.

Treatment: Antihistaminics (Avil} + Steroid.
At times {1 in 150,000) these reacdons may be
unaphylactic. Management includes:
¢ Immedintely stop the transfusion.
*  Adrenaline and steroids.

Febrile Reactions

Invidence is 1-3%, These are due to yfusion
of white cell microaggregates. The incideoce of
these reactions can be minimized by the use of
miicrofitfer blovd sets with pore size of 20-40 um
instead of conventional blood sets with pore size
af 170 pm which permits the infusion of WRC
microaggregates or by using blood products with
leukoreduction. These febrile resctions are mild
and generally require no treatment

Infectious Complications
Chances of Infectlous complications are more

with pooled products (derived from large numiber
of donors) like cryoprecipltate,

Hepatitis

*  Incidence is 1in 2,00000 to 1 in 9,00000,

¢ 90% of these are due to non-A non-B (hepatitis
C) virus.

Acquired Immunodeficlency Syndrome (AIDS)
»  Incidence is 1 in S00000.
» Itis because of HIV-1.

Other Viral Diseases

Cytamegalovirus (can produce severe infoction
n immunocompromised patients), Epstein Barr
virus, human T cell lymphotropic vicus (HTLV1
and 2) and parvovirus,

Bacterial Infections

Bacterial contamination s the second most
common cause of transfusion related morsality,
The contamination most commonly occurs with
Preudomanas (it can grow at 4°C) but can be due
o gram-positive like Staphyliococcus. Although
rare but cansmission of syphilis, bruceiiosis,
Salmopclla, Yersinia and rickettsinl diseases
has been reported. Therefore It Is strongly
recommended that blood products should be
transfused uwithin 4 hours

Parasitic

Malaria (Malarial parasite may survive for 3
weeks in stored blood) Toxoplasma, Fllariasts,

trypandsomiasis,

Noninfectious Complications
Fluid Overfoad and Pulmonary Edema
Seen in cardiac compromised individunls

Metabolic

Metabolic complications are usually seen after

massive transfusion.

«  Hyperkadlemia: Stored blood has high
potassium levels,

«  Hypocalcemia: Citrate chelates calclum
however hypocalcemia Is not seen during
routine transfusion,

The indications for calcium replacement during
transfusion are;
Blood given at a very fast raze [Liver does
not get sufficiont time to merabolize
citrate )
Liver diseases
Massive blood tmnsfusion (citrate Jood is
toa high)
Severe hypothermia {decreases clirate
metabolism).
*  Hyperammonemlia,

Acid-base Abnormalities

Blood gases show variable results, Acidic pH
of stored blood causes acidesis while citrate
metabolism couses alkolosis. Jn magsive frans-
fusion alkalosis is more common due 1o Citrate
intoxication (one molecule of clirate generstes 3
molecules of biearbonate).




Coagulation Abnormalities

Massive blood ransfuston causes dilutional
coaguloputhies espectally dilutional thrombo-
cytapenia (stored blood has no platelets and
concermration of pther clotring factors s also less).
Dilutional coagulopathies leading to disseminuted
Intravascular coagulaston (DIC) is the wsual cause
of death after massive Mood reansfuston.

Management

Treatment shiuld e initlared only if (nos prophy-

lactically after 3-1 units as practiced in past)

o There is bleadlng from surgical slie which is not
getting conrrolled by surgical hemostasis or
there is hieeding from Intravenons site, mucous
membranes or petechial hemorrhages.

o PLAPTY » 1.5 thmes of noymal

«  Iibrinogen < 75 mg/dL

»  Platelet count < 50,000

Treatment ncludes

+  Fresh bload [collected and used within 6 hours
without refrigeration }—Logistically difficult 10
obtain but is the best modality of treatment.
(Provides all congulation factors and plateles)

»  Fresh frozen plasima,

*  Specific blood component therapy,

¢ Platelets

Hypothermia

Significant hypothermia is only seen with massive
transfusion. Blood should be warmed to 37°C
hefore Infusion.

immune Complications

o Immunomodulation {suppression of lmmune
system ). Wherher this immuanomaodulation
leads 10 increase incidence of bacterlial
infections or maligoancy i not known,

e Gralt versus host reacdon (especially In
immunocompromised patients)

o Alloimmunization [peoduction of antibodies)
against own HBC, platelets and HLA.
Allaimmunization agalnst plateless can
produce post-transfusion purpuri.

Transfusion-refated Acute Lung Injury (TRALL)
TRALL munifest as hypoxia within 6 hours of
transfusion. Although it can occur with any blood

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 caplllary membrane by anti-HLA or
antileukocyte antibodies.

The maenagement is same like ARDS. Desplie
majoclty of the patienis recovering within 96 hours
TRALI rematns the leading cause of death due to

binod transfiesion.

Disseminated Intravascular

Coogulation (DIC)

Causes may be:

o Mismatched transfusion reactioo.
Ditutional cosgulopathies leading (o activation
of coagulation system.

Tissue Hypoxia

Decrease in 2,0 DPG in stored blood can shift
oxygen dissociation curve (o left and at least
theoretically can produce tissue hypoxia

Synthetic Oxygen Carriers (Artificial
Blood)
« Perfluorocarbon emulsion called as

Flunsol-DA.

«  Perfluorooctyl bromide.
«  Recombinant hemoglobin.
»  Hecombinant erythuopaietin.

These synthetic oxygen carriers may be a
good roplacement of blood in future. These will
be particolarly useful In Tebovidy's witness putlents
who refuse to receive the blood transfusion
because of their religious belles,

AUTOLOGOUS BLOOD TRANSFUSION

As the name suggests, patient's own blood is taken
and! replaced bick when necessary, The main
advantage of autologous blood transfusion (AKT)
ts that there is no risk of disease ransmission and
transfusion related reaction can be avolded. Three
techniques are emploved for nutologous blood
transfusion,

Predonation

310 4 units of patient’s vwn blood is taken before

surgery [subject to condition that hematocrit
should not fall below 35% and hemoglobin
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below 11 gm® (most of the centers in India accepts
up to 10 gm%)] and stored o blood bank .

Last blood donation should not be schedaled
less than 72 hours before surgery [time required
for plasei volume 1o retum to normal) and should
not be later than 4.5 weeks (maximum time for
which blood can be stored with CDPA}L

The major disadvantage of this technique
i that the incidence of mismatch transfusion
reactions remains same (because patient’s blood
1s stored in blood bank and the maost commaon
cause of mismarch trunsfusion reactions is clerical
errors)

Normovolemic/lsovolemic Hemodilution

Blood 15 remaved just prior 1o surgery and volume
replaced with crystulioid or colloid 10 produce
hemodilution; the target Hematocris showld
be 25.28%, (Studies have shown that oxygen
delivery to the tissues is better at low hematocrit
as compared w normal hematocrdt ), Blood can be
ransfused back whenever necessary (preferably
within 6 hours to preserve plateler function),
Since blood is taken in Operation Theater, there
is no risk of mismarch transfusion. Negligible cost
of technique, technical feasibility, no risk of mis.
match transfusion or any other major complication
and Improved oxygen delivery to tissues makes

KEY POINTS

Normovolemic/tsovolemic hemodilution as the
maost widely wsed technique for autologous Mood
donation.

Blood Salvage and Reinfusion

Patlent’s Jost blood is saved (salvaged) in a special
device, processed (washed, tissue debuds, clots, etc.
removed ), concentrated and transfused back, The
major mitation Is the cost of the device, Other
complications which can occur are air embolism,
renal fallure due to blockage of renal tubules by free
hemoglobin (produced as a result of hemolysls of
red cells by excessive suction pressure), infection
and disseminated intravascular coagulation
(DIC) {shed blood undergocs varying degree of
coagulation and fibrinolysis producing DIC)

Contraindications of Autoclogous
Blood Transfusion

Absolute: Rlood should not be saved and trans-
fused back if it is infected or contains malignant
cells

Other relative contraindications are sickle
cell discase, patient suffering from coronary
artery disease or cyanotle heart disease, and
il the likelibood of requirement of blood is
less than 10%.

twhich should e done by flurds),

220% andd heroglotin < (S g

Crystalionds should be replaced In a raoo of 1.5 1o infravascular visume loss wivle collonos in 2 atio of 1.1,
Colloids in high doses cae Inzerfess with clotting and Causes renal Sysfunchion.

Ringet factate Is the mast praforred flukd for malmerance as well s eplacement.

Children are prany for fiud overlond thevafom shook receive 2/3n of the calcusated dose. }
Colakds can be sefely gven even f there s endothekal injury ke in ARDS arhead injury.
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- Plaiedets are the only Hood moducty which are stoed 3t 1oom trmpetuee.
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CHAPTER

History of Anesthesia

History ol anesthesia dates back to 18t AD when
Dioscorides used the term anesthesia to deseribe
the narcotic effects of plant Mandragora.

Ihe word anesthesta which means no senses
was colned Vendell Homees. The term
balanced anesthesia” was cotned by John Lundy

by (Niowr
andd Ralphy Waters

NITROUS OXIDE

First anesthetic gas i.¢. milrous axide was synthe
sized by Priestley in 1774 Priestley akso synthesized
oxygen which he called Dephlogisticated air)
First clinical use of nitrous oxide was done
by Humphry Davy who used it on himsel! tor

toothache and called nitrous oxide as Jaughing
gas. However first public clinical demaonstration of
nitrows oxide was given by “Hovace Wells” for tooth
extraction {1845}, but unfortunately the padent
cried in pain. Horace Wells becune so lrustested
that he became chloroform addict and committed
sulckde by cuttdng his femoral artery

ETHER

It was prepared by Valerius Cordus in 1540 when
it was known as ‘sieer ol of vitriol”. Flrse public
demonstration of ether was givers by WG Morton
om 16th Oxctober 846 and that is wiy [6th October
iz cetebrated as World Anesthesia Day (Fig. 8.1)

Fig- 8.3: First successhul demonstration of sther anesthesia by Marton 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 intraverous anesthetic used was thiopentone
by Jokn 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
| Leonard Corning while First spinal anesthesio

in human beings was glren by August Beir in
1898,

Flrst epidural anesthesia was given by Cathelin
and Sicard (1901).

MUSCLE RELAXANTS

Harold Griffith was first to use ‘curare’ for
muscle refaxation (1942),

Bovet got Nobel Prize (1949) for using
Suxamethonium (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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Introduction to General Anesthesia

COMPONENTS OF GENERAL
ANESTHESIA

Ihe term anesthesia was given by Oliver Wendell
Holmes,

The basic components (TRIAD) of general

anesthess are:

e Narcosis

e Analgesia

*  Muscle relaxation,

The anesthesia in present day should be

balanced anesthesta, 4 concept laid by John Lundy
in 1926 The components of balance anesthesia
are
Narcosis
Analgesia
Muscle relaxation
Amnesin
Abalition of reflexes
Maintenance of normal hemodynamics and
physiologic homoeostasis,
I'he balanced anesthesin can be achiceved
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 lomazepam or diazepsum night belore surgesy
Beazodiazepines are used 10 induce good sleep
and produce ammesia.

On the day of the surgery, patient i directly
shifted to Operation Theater, Once the patient lles
on operation table, the assistant starts to apply
monitors and the anestheslologist preaxygenates

the patient with 100% oxyvgen for 3 minutes. As
99% of the nitrogen in lungs can be replaced with
oxvgen (called as Denitrogenation) in 3 minutes,
preoxvgenation Increases the oxyvgen reserve
enabling the patient to sustaln hyposia for longes
periods.

Oncethe preoxygenation lscomplete induction
is accomplished with Intrsvenous aunesthetics such
as Propofol. Intravenous agents are preferred for
induction because of thelr ultrafast action (with 15
seconds). After the patient becomes unconscions,
OUr BeXT alin 10 secure airway as carly as possible.
Thiat's why due to its rapid onset, suxamethonium
{succinylcholine) is the ideal muscle relaxant for
intubation, however, because of the side effects is
use is only restricted to rapid sequence or difficult
intubation. In normal circumstances, patients are
geneally intubated with non-depolarizers,

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

Anecsthesia is maintained with oxvgen (33%)
+ nitrous oxide (66%) + inhalstional agent. As
Nitrous oxide depletes ozone, majority of the
anesthesiologist in current day practice use air
instead of nitrous osdde. Relaxiation for surgery is
achieved by non-depolarizing muscle redaxant.

At the end of the surgery, the muscle blockade
effect of non-depolarizers Is reversed with
neastigmine + glveopyrrolate, and then the patient
Is extubated after thorough suctioning of oral
cavity,




u Table 9.1: Stages of uresthesls

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 leatures 10 be noted
are:

o Stage of swrgicel anesthesia is stage 11 pleane 3
because laryngeal reflexes gaes in this stage
and intubation can be performed. Onset of
surgical anesthesia (stage 111} Is best indlcared
by onsel of regular respiration.

First reflex to go s eyelash, therefore loss of
consclousness Is tested by absence of eyelash
reflex while the last reflex 10 go is carinal reflex
(1ested by touching the carina with suction
cathoter which should inidare cough).

Inittnl pupliilary dilaration seen in stage 1 is
becasse of sympathetic stimulation.

Thw return of reflexes Is In opposite sequenice,
L flrst 1o come is carloal reflex and last is
evelash. Therefore theoretically, it is cough
which should come first but swallowing
comes earlier because coughing also requires
diaphragm and respiratory muscies effort.



Inhalational Agents: General
Principles and Individual Agents

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

CLASSIFICATION
Agents in Common Use

+  Halothane
+  Isoflurane
¢ Nitrous oxide

Newer Agents

+  Sevollurane

¢  Desflurane

Agents Not in Use

o Enfluriane

*  FEither

*  Trilene

¢ Methoxyflurane

¢ Cyclopropane

¢« Chloroform
MECHANISM OF ACTION OF
INHALATIONAL AGENTS

Anesthetic porency of an inhalational agent is
directly proportional to its lipid solubility (oil
gas partition coefficient), This is called as Meyer
Ouertan rude. This rule lead 1o the unilary theory
wf narcosis which means that all inhaiational
agents has common lipophilic {lipid soluble] site.
Howeves, there were many exceptions to this rule
like:
o All lipid soluble agents do nor produce
anesthesin rather many can even produce
convulsions, These agents, which are lipid

soluble but do not produce anesthesia are

called as fmmahilizers,

* As per Meyer Overton rule all isomers of
same agent should have same potency but
this is not true. Isoflurane, enflurane and
desflurane In spite of being somers have
different potencies. Simllarly, homologous
series of same compound (with increasing
lipid solubility) should be more potent but
in fact, It Is opposite. This Is called as ent-off
effect

o lowas very well proven thar anesthetdc agents
not only bind 1o lpophille (lipld soluble
sie) site, they also bind o hydrophilic (lipid
insoluble) sites,

These exceptions to Meyer Overton rule lead
to shifting of mechanism from lipid sites fo protein
sites; the maost acceptable mechanism is that they
directly bind to cellular proteins aliering their
eHZ e,

Other mechanisms of actions are:

o Theory of fluidization; By expanding cellular
membrane they cause its fluidization blocking
the sodium channels.

s Critical volume hypothesls: They expand
the cell membrane beyond critical amount
altering the membrane function.

o  Enhances GABA (and Glycine) mediated
inkibition af contral nervous system: At
modecudar level, meaddedution of CAHA recepitors
is considered as principal mechanism of action
for all volatle agents except the gases- nitrous
oxide and xenon which acts by inhibiting
N-methyl-D-aspartate (NMDA | receplors.

o  Decrease the concentration of excltatory
neurotrnsmimens in hrin



Site of Action of Inhalational Agents

* These agents mainly act an central nervous
system (producing unconsclousness and
amnesis) and dorsal horn cells of spinal cord
{ producing analgesia and immobility).

* Mainly acts on synapses (both pre- and
postsynaptic level), howevey, in high doses can
block wxonal ransmission.

POTENCY OF INHALATIONAL AGENTS

Hest estimate for determining the potency of
Inhalational anesthetlc Is minimum alveolar
concentration ( MAC)whichisdefined as minimuam
concentration of agent required to produce immo-
bility In 50% of the subjects given noxious stimuli,
which Is skin Incision in human beings and tuil
clamping in rats. More important from clinkcal
point of view is MAC; (MAC prodiecing effect in
95% individuals). MAC 5 is 1.3 times of MAC,,

Another MAC which is sometimes used in
clinical practice s MAC,,,.- 1t Is MAC at which

is not unconscious but remains amnestic.
Itis 0.3 times of MAC.,,.

1t is very clear from the definition of MAC that
the agent with minimum MAC will be most potent.

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

It con be concluded from the Table 10.1 that
halothane with MAC of .74 s the most potent
while nitrous oxide with very high MAC of 104'% is
the least potent among the agents used novadays

Factors Effecting MAC

Factors Decreasing the MAC

o Age: Maximaom MAC be hurman beings & at the
age of 6 months, thereahier decreasing steadily

throughout the life (except a slight increase at
puberry).

® Table 10.3: Minimum ahveolar concentration (MAC)
fpe ditferent anesthenc agents in crrent use

Halothane DEL L
Nl e SET LN (TN
Sevoflurane 205%

Nitrous oxlde 104%

o Jemperature: Decreasing the emperature
decreases the MAC, Increasing temperature
(up to 42°C) also decreases the MAC,

o Amemia (Hb < 5 gm%), Hypoxia (pO, < 40
mm Hg) and Hypercarbia (pCO, > 95 mm Hg)
decreases the MAC, only U they are severe.

o Alcohol: Acute aleohol or acute administration
of amphetamines decreases the MAC,

o Pregnancy: Inhalational anesthetics should be
used in lower concentrations in pregnancy.

o Concurrent administration of Infraenous
anesthetics and alpha2 ogonlsts.

o Local anesthetics: All local anesthesics except
cocaine decreases the MAC.

o Electrolytes imbalances decreasing MAC
are: Hyponatremia, Hyporcalcemia and

Hypermagnesernia.

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

¢ Hypernatremia

Factors Having No Effect on MAC

s Thyroid disorders

o Sex: MAC is same for males and [emales,

o Obesity: MAC does not increase in obese
patients

UPTAKE AND DISTRIBUTION OF
INHALATIONAL AGENTS

Inhalational agents delivered by vaporizer and
mixed with carrier gas (oxygen = nitrous oxide
or oxygen alone) reach the patient’s alvesli; from
there theyare taken up by blood and reach different
tissues. The concentration in CNS determines the
uffect of inhalarional 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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Iresh gas flow, absorption by breathing circust and
ventilation.

Alveolar Concentration (FA)

It depends on nspired concentration and uptake
by Mood, Anesthetic tether is the ratio of delivered
concenteation to alveolar concentration (FD/
FA). It Is Importans that dellvered partial pressure
{concentration ) from the vaporizer must be higher
than targeted alveolar pressure. This |s called
Overpressure. The more overpressure used, the
more rapkily anesthetic ts delivered.

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

The uptake by blood is directly proportional
to blood gas partition coefficient (1), cardiac
output (Q) and alveolar to venous partial pressure
(P, - Py ) and inversely proportonal 1o barometric
pressure (1)

Uptake = i:.‘.’.’.‘T"’_-\....’i'}:?

Blood Gas Partition Coefficient
(B/G Coefficient)

This Is the most important factor detenminlng
the uptake of an agent and so the speed of
Induction and recovery. Agents will low blood
gas partition coeflicient will have high alveolar
concentration, e.g. nitrous oxide with blood gas
partition coefficlent of 047 means concentration
[or partial pressure) In blood s 475 of alveolar
concentration. Since alvealar concentration
determines the induction and recovery, induction
and recovery will be fast with agent with less B/G
partition coeflicient and slower with agents with
high B/G partition cocfficients,

Blood/gas (B/G) partition coefficients of
different agents are in Table 10.2

It can be concluded from the Table 10,2 that
overall the fastest induction is seen with xenon,
bat xenon Is not yer avallable for commercial
use therofore among the agends wed now a day
induction is fastest with desflurane (with 8/G
roafficient of 0.42) and slowest with halothane
(with 8/G coefficient af 2.4).

in current use
Kenon 014
Nitrous codoe 04
Sevowane 09
Isoflurane 138
BT U T TR AR
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
cocfficient can achieve dangerously high alveolar
concentrations, il inspired concentrations are not
decreased but the alveolar concentration of agents
with Jow B/G coefficient will not be so high. Thai
Is why in shock, agents with dow B/G coefficient
such as mitrous axide. desflurane or sepofiurane are

refatively 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 10 lungs. If venous partial
pressure is high uptake will be less,

Ventilation

Increasing venttlarion will increase the alveolar
concentrotion of agents with high B/G coefficlent
{Increased uptake will decrease alveolar con-
centration so more room for inspired agent). Agent
with low B/G coefficlent 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 alvealar concentration rises more than
cxpected and also the rate of rise s hugh. This s called
as concentration effect. This s seen with nitrous
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oxide which is given in high concentration. For
example, consider & lung containing 70°% nitrouy
oxide, 29% oxygen and 1% halothane, If 50% of
nitrousoxide is tuken up from alveoli, the remalning
concentration of nirrous oxide will be 3% instead
of 50'% (because decreasing the lung velume 1o
50% now make 35 parts remaining in total volume
of 65 parts vielding & concentration of £3%), 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 nugmented (nflow
effect (nltrous oxide has augmented its inflow from
machine).

Second Gas Effect

If another agent such as halothane or lsoflurane
Is given along with nitrous oxdde, by the same
mechanism of concentration effect by which
nitrous oxlde Increases its own concentration
the concentration of inhalational agent will alss
increase. This is called as second gas effect (one
agent effocting 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 hypoxin
This is called as diffusion hypoxia, To avold this
diffusion hypoxia 100% exygen should be giren
Jor 510 minutes after discontinuing nitrous oxide,

Recovery From Inhalational Agents

Recovery accurs when concentration in brain
decreases, therefore it depends on pulmunary
exhalation of agent. metabolism and excretion,
transcutaneous loss (seen only with nitroos
oxidke ). Recovory is rapid with agents with low B/G
coelficient, Heerefore, eartiext recovery il by with
desflurane (8/G cocfficlent-0.42) and most delayed
with halothane (B/G coofficient-2.4).

Absorption of Inhaled Anesthetic Agent
by Anesthetic Circuitry

Abanpition by rubives, plaxtic and polyvinyl chioride
endotracheal ube: In the past, methoxyflurane
used to be get maximally dissolved in rubiber,
plastic and PVC, In current day, proctice smexinmom
wbsorption in sevn with halothane.

Metabolism

All inhalatonal sgenis undergo oxidatton (deal-
kylatlon or dehalogenation) In lver (halothane
also undergoes reduction) by cytochrome P-450
enzymes in phase | reactions and by conjugation
in phase Il reactions.

All enzyme Inducers such as Isonlazid,
phenytoin, phenobarbitone, ethanol, diszepam
increase the metabolism of inhalational agents.

Among the agents available today maximeom
metabolism is seen with halothane [20%).
Desflurane is negligibly metabolized (< 0,02%) and
nitronis axide does not undergo any metabolism in
Fexarrncene boncdy.

SYSTEMIC EFFECTS OF INHALATIONAL
AGENTS (INCLUDING SIDE EFFECTS
AND TOXICITY)

Resplratory 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, Ventikatory responses (to
increased CO, and hypoxia) are blunted with
inhalational agents. Maximum inhibition to
ventilatory response is seen with halothane.

o Hronchiod muscles: All inhalational agents dre
frronchodilarors. Bronchadilatation is not only
because of direct effect of agents on bronchial
muscles but also by inhibition of central
pathways for bronchoconstricton.

o Effects om hypoxdc pudmenary vasoconstriction
(HPV ) Al inhalational agents are pulmonary
vasodilators (except nitrous oxide which is
pulmonary vasocanstrictor) thereby blunt
HPV response worsening the ventilation
perfusion mismatch.

*  Effect an cillary activiry: All agends (except
ether) indeibit the clltary activity thereby reduc-
ing capability of patient to cough out secretions
in postoperative period,

o Alrway reflexes: Airway reflexes are depresssd
by Inhalational agents making the patient
vulnerable for aspiration.

Cardiovascular System
o Cardioc ousput; By cousing direct myocardial
depression, all pew Inhalational agents
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decrease the cardiac output. The minimum
decrease In cardlac putput Is seen with
Isofturane.

o Systemic vascular resistance (SVR): By
decreasing SVR, all inhalatlonal agents can
produce hypoteasion.

o Baroreceptor reflex: All protective cardio.
vascular responses are blunted by inhalational
agents, least with Isoflurane [(allowing
compensatory reflex tachycardia). Minimum
decrease in cardine ourput (and that s oo get
compensated by rellex tachycardia) makes
Bsoflurane, an Inhalational agent of choice for
cardiac pattents (except myocardial ischemia,
whete theoretically, it can cause coronary
steal).

o Sensisication of heart 1o adrenaline: Halothane
{and theoretically other agents too except
Isoflurane] can sensitize myocardium to
adrenaling, exogenous to heart,

¢ Cuardioprotection: Inhalational agents
(paricularly Xenon) because of their anti-
apoptotic and N-methyl-D.aspartate (NMDA)
receptor antagonistic effects have shown
cardloprotection In experimentsl studies,
however, more evidence s needed to establish
thelr role as cardioprotective agents in himan

beings.

Central Nervous System

* Al inhalational agents produce dose depen-
dent reduction in corebral metabolic rate
(CMR) and cercbral uxygen consumption
(CMO,), Isoflurane and Sevoflurane can
decrease CMR up to 50%,

o All inhalational ageats (including nitrous

oxide) increases the cerebral blood flour and
hence ICT, The order of vasodilating potency
is—halothane >sDesflurane = Isoflurane »
Sevoflurane,
Due to more favorable effects on cerebral
hemodynamics (cerohral blood flow and
1CT), better presesvation of autoregulation,
equivalent reduction in cerebral metabolic
rate and smoother recovery sevofiurane is
preferred over soffurane as a inhalationnl
agent of choelcy for neurosurgery In current day
anesthetic practice,

o Newrotoxicity and newraprotection. Animal
studies showed that habies who received

GA with inhalational agents at very voung
age developed cognitive impairment later
in life, However human studies still remoins
Inconclusive. On the contrary, by the same
mechanisms by which Inhalational agents
produces cardioprotection they can also

produce nearoprotection.

Liver

Direct kepatocellular damage is seen with
halothane (and theoretically with isoflurane and
Desflurane) bt not with sevoflurane, Indirectly, all
agents czn produces some degree of hepatotoxicity
by decreasing the blood supply 10 liver. Maximal
decrease In blood supply 10 Hver (s teen with
halothare and least with Sevoflurane (followed by

isaffurane).

Renal System

All Inhalatlonal agents depress renal function by
decreasingtherenal blood flow, Divect renal toxicity
has been attributed w inorganic Nuaoride produced
by inhalational agents, Inhalational agents an
Jluorinared to decrease thelr flammability.

The nephrotoxicity produced by fluorinated
agents is pasopressin.resistant polynric renal
faifure, Renal threshold beyond which fluoride
levels are toxie s 50 pm and the fluoride level
produced by different agents is given in Table 10.3.

Hematopoietic System
Nitrous oxide internets with vitamin B, and
inhibits many pathways involved in one carbon

@ Table 10.3: Fluorida kevel produced by differam
agents

*Sevoflurane aithough produua high nuonde hu'l mll
does Not causes NePhIotoxicity sven after 16ng expasires
because its low blood gas coefficient (0.69) allows its rapid
ehmination fram body,




| AN AR YT S A AT BRI TR

moiety. It also inhibits the enzyme methionine
synthetase and hence the production of thymidate
and DNA formation, Due to these effects nittous
oxlde can produce Megaloblastic anentia, aplastic
anemia and Homecystinuria on prolonged

EXPOSUTE,

Spinal Cord

Nitrous oxide by Inhibiting the production of
thymidate can impair myeldin formation leading 10
subwecute 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 s seen with
Desflurane.

Teratogenicity

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

Inflammability of Inhalational Agents
Current day Inhalational agents are non-
inflammable (made non-inflammable by adding
fluorine). Inflamrnable agents used in past were
Ether and Cyclopropane

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

are good analgesics,

Reaction of Inhalational Agents

with Sodalime

«  Irielene can produce dichloroacetylene (which
is neurotoxic) and phosgene gas (which can
cause ARDS ).

o Sevaflurane can produce toxic compound
cialled as compaound A with sodalime and
Barylime

o Degflurane (and other agents too) can produce
Carbommonaxide by reacting with deskccated
socalime and barylime.

v Sevoflurane by reacting with desiccated
sockalime and Barylime can produce hydrogen
fluoride which can cause burns of respiratory
MLCOSE.

Ozone Destruction and Global Warming

Inhalational agenis are responsible for ozone
depletton and global warming. s madmum with
N, followed by desflurane, The best way 1o reduce
this environmental impact is to wse closed-clireult
anesthesia and avold N,O as much as possthle

Uterus

All Inhalntional agents used nowadays are equally
effective uterme relaxants.

Amnesia

All inhalational sgents are good amnesic agents
except nitross oxide.

INDIVIDUAL INHALATIONAL AGENTS

Agents in commaon use:

NITROUS OXIDE

Nitrous uxide is also culled as ‘laughing gas' (nome
given by Humpry Davy). It was first prepared by
Joseph Pristley In 1774,

Preparation

Prepared by heating ammonium nitrate between
245 aml 270°C.

Physkal Properties
1tis coloress, non-irritacing and sweet smelling.

«  Critlcal temperarure is 36.5°C which is above
room temperature, therefore can be stored in
liquetied state at room emperatore.

o Nis stored In blue color ovlinders at a pressure
ol 760 psh.

o L5 twes heavier than air,

¢ 35 times more satuble than nitragen.

Anesthetic Properties

o It is not o complete anesthetle (10 et as com.
plete anesthetic, the agent must be given in
concentration above MAC. MAC of nltrous
oxide 15 104% 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

o RBlood ges coefficient of 0.47 makes it an agent
with faster induction und recovery,




« Although it is non-inflammable and non
explosive, but it can support fire.
Good analgesic.
Not a muscle relaxant,
When given along with other inbalational
agents, It lncreases the alveolar concentration
of that agent (second gas effect) and its own
{concentration uffect).

= Arthe end of surgery sudden stoppage of N,O
delivery can reverse the gradient making il
gush to alveoli replacing oxygen from there
creating hypoxia called as difficsion hypoxia,
which can be prevented by giving 100% oxygen
for 5 1o 10 minutes.

Metabolism

It is not metabolized in human body; excreted
unchanged through lungs, A small amount gets
excreted through skin (percutuneous excretion ).

Systemic Actions

Cardlovascular system: [n vitro It depresses
myocardium but in vipa this effect is countered by
stimulation of sympathetic system, therefore can
be wsed safely for cardlac patients and shock.

Cerchral: Increases cercbral metabolic rate and
raises the intracranial fension.

Respiratory system: Hespiration is minimally
depressed

Immunelogic system: Fifects chemolaxis and
motility of leukocytes,

Side Effects
o Closed gas spraces and nitrous axide: Complinm
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 | mole of nitrogen Is
replaced with 35 moles of nitrous oxide
(35 times more soluble than nitrogen).
Therefore nitrous oxide s contralndicated in.
Prieumathorax: Nitrous oxide doubles the
prneumothorax volume in 10 minutes and
triples in 30 minutes producing severe
cardiorespiratory compromise,
Pricumaoperitoneum.
Prvumoencephalus: Entry of nitrous oxide
can significantly increase the intracranial

wension. Once the patient develops
preumaencephalus nitrous oxide cannot
be used for 1 weeke

Middle ear surgery and tympanoplasiies:
Pressure in middle ear cavity may rise
1o 20-50 mm Hg which can displace the
praft

Posterior fossa surgeries: Thereis increased
risk of venous air embolism in posterior
fossa surgery and the volume of this uir
embolus can be significanty increased by
ingress of nltrous oxide.

Laparoscoplc surgeries: Chances of air
embolism are high in laparoscopies.

- Acute Intestinal obstruction and velvalus
of gtz Gut has air; ingress of nitrous oxide
can increase the gut distension.

- Diaphragmatic hernia: Increased gut
distension causes further atelectasis
worsening the hypoxia

- Epe surgeries; It can expand sulfur hesa-
fluoride bubble increasing intraoculay
pressure.

Microlaryngeal surgeries (MLS): By
diffusing through the tracheal tube cuff
(which is filled with air), it may double
or triple the cuff volume aggravating the
post-surgical edemu, which can cause
upper girway obstruction.
Hematological system: It Innctivates vitamin
B, impairs methionine and deoxythymidine
synthesis which leads to delect in folute
metabolism and therefore bone marrow
depression causing apiastic and meguloblastic
anemia, Vitamin B, inactivation is seen, if
nitrous oxide is used for more than 12 hours,
Another consequence of reduced methi-
onine synthase activity is accumulation of its
substrate, homocysteine producing homo-
cystinurla. However, whether this increase in
homocysteine increases the risk of myocardial
ischemia {and atherosclerosis) s not proven,
Newralogleal system: Vitamin By, deficiency
by impairing DNA synthesis can cause
Subacute dogeneration of spinal cord and
encephalopathy (sometimes presenting as
psychosis),
Teratogenic effects: Teratogenicity and
incrensed risk of abortion has been observed
in animals, however, human studies are
inconclusive.
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¢ Environment: can deplete ozone layer produc-
ing global warming,

* Impurities In nitrous oxide eylinder: Nitric
oxide, nitrogen dioxide, nitrogen, carbon
monoxide, ammonia. These Impurities
can cause severe laryngospasm, methemo-
globinemia and pulmonary edema.

ENTONOX

It s mixture of 50% oxygen and 50% nitrous oxide

uml commonly prlahoranalgwla
It is stored in blue colored cylinders with
blue and white (or only white) shoulders at a
pressure of 2,000 psi.

« It should be stored above 10°C otherwise low
temperaiure can cause separation of oxygen
and nitrous oxide and high concentration
of nitrous oxide can be defivered. To prevent
this, cylinder should be inverted 2-3 times to
ensure good

« ldeally, the cylinder should be stored
horizontally.

Although its anesthetic properties were studied
50 years back but could not be used due to very
high cost of manufacruring, Recently, new cheaper
methods for its synthesis have again renewed
interest in xenon. If the cost of Xenon 1s reduced it
may serve an excellent alternative to nitrous oxide.

Properties
*  Noble 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 N,O which has blood gas
coefficient of 0,47),

More potent than nitrous oxide (MAC- 70%)

¢ Analgesic

«  Noninflammable, non-explosive and does noe
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 asthme patients,

CNS: Depresses sympathetic system, theretore
can be unlized w blunt sympathetic response to
intubation.

Cardio and neuroprotection: Because of s
antl- apoptotic and NMDA-receptor antagonistic
property have shown cardio and newroprotection
in experimental studies, however, more human
studies are needed.

Metabolism

Xenon does not undergo any metabolism In
human body.

Advantages over N,O

¢ Hapid induction and recavery,
*  More potent

¢ Noteratogenic effect

No cezone depletion or greenhouse effect (No
environmental hazard)

Analgesia s better than N0,

No expansion of ale-filled cavities

No secand gas effect and difusion 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 s reduced, then it
will be the most ideal Inhalational anesthetic
in future

Disadvantages
*  Cost (100 times more costly).
¢ [Increased airway reslstance
¢ Priming of breathing circuit with xenon Is
must, this further increases the cost
Other nobie gases such as keypron and argon
also have anesthetic properties but not under
normaobarie conditions, therelore cannot be used
in anesthesia,

HALOTHANE

Halothane s a stlll widely used inhalational agent
in India

Physical Properties

*  Colordess

«  Pleasant to smedl, nonirritant makes Induction
o become smooth, therefore, can be used as
an alternative o sevollurane for inductlon In
children,
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¢ Stored in amber-colored bortles and contains
thymol 0.01% as preservative (to prevent
decomposition by lighr).

«  Non-inflammable, non-explosive,

¢ Boiling point 50°C.

*  Halothane has highest fat/blood coefficlent
[can get deposited in adipose tissue after
profonged exposure),

+ In the presence of moisture halothane can
corrode metals of vaporizers (aluminum, brass
and tin) and plastic,

«  Halothane ts significantly absorbed by rubber
tubing of circuits,

Anesthetic Properties
« Itis potent anesthetic (MAC = 0.74) |in fact,
mast potent amoang the agents used nowadays}

¢ Blood gas coeffictent: 2.4 makes it agent with
slow induction and recovery time {slowesr

anong the agents used nowadeays}
*  Nota good analgesic.
Metabolism

Halothane undergoes extensive metabolism
(20%) by axidation as well as reduction. Metabolic
products are:
*  Trifluoroacetic acld: It is the major metabolic
product
«  (hloride (CI').
*  Bromide (Br ).
Fluorde (F ) only under anacrobic conditions,

Systemic Effects

Cardlovascular system:

« Halothane causes significant decrease in
cardlac output which is because of direct
depression of myecardium and bradycardia
(bera Mlocking action).

¢ Elunts the baroreceptor reflex.

*  Blood pressure is decreased by ditect action
on smooth muscie of blood vessels as well as
decreased central sympathetic tone,

o It sensitizes heart 10 adrenaline (exogenous
to heart) producing ventricular archythmias
therefore maximum permissible dose of
adrenaline with halothane for local Ischemia ks
1.5 pg/kg (otherwise 5 pm/Kg is the maximum
permissible dose ) or not more than 30 mL/ hr
of 1in 1,00,000 solution. For the same reason,
it &s contraindicated (n pheochromocytoma.,

S0, It can be concluded that halothane showld
nor be wsed In cardiae patients,

Respiratory system:

o Depresses respirathon and blunts hypercarblic
and hypoxic reflexes

o In spite of being a potent branchodilator, it
should be avoided in asthma patients as by
sensitizing myocardium to catecholamines,
It increases the possibility of archythmias in
patients on fl-agonist and aminophylline.
(Inhalational agent of choice for asthmatics in
present day practice is Sevoflurane),

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

Renal: Both GFR and urinary flow |s decreased
because of decrease in cardiac outpur

Uterus: Like ather 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: Halothane hepatitis. although rare (1 In
35,000), butis clinically significant as it carries very
high mortality (>70%).

The most important risk fuctor for halothane
hepatitis is multiple and frequent exposures. Other
risk factors are hypoxia, middle age, obesity, female
gender and patients suffering from avtoimmune
diseases.

«  Pathologic lesion is centrilobular aecrosis,

Etiology of halothane hepatitis: There are number

of theories:

¢ Direct hepatocellular injury by metabolites.
Reductive metabolites wre more dangerous
than oxidative.

+  Decreased blood supply because of decreased
cardiac output.

o Immunologic mechanism: This is the most
acceptable theory because hepatitis is
commaon after repeated exposures, seen more
in patients with other coexisting autolmmune
diseases and antihodies against Hiver cells can
be detected in serum. Trifluoroacetic acid,
which is the major metabolite of halothane,



by it antigenic nature produces antibodies
mediating antigen-antibady injury 1o liver
cells.
Based on above observations guidelines for

use of halothane are:

o Avold repeated use, at least an Interval of
3 months (s mandatory betioeen to exposires

*  Avoid in patients with coexisting autoimmune
diseases

o Aschildren are more Immunocompetent incl-
dence of halothane hepatitis Is significantly
less therefore halothane can be used safely In
children

«  Hypoxig Is not permissible with halothane
as hypoxia Increases severity of hepatic

damage.

o Sevoflurane is the inhalational agent of chaice
Jora known case of halothane hepatitis because
sevoflurane does not produce trifluroacetic
acid avolding the possibility of hepatitis
in such a patient where antibodies against
trifluroacetic acid are already present,

Contraindications

*  History of previous haluthane hepatitis,

o Patients with intracranial lesions and head
njury.
Severe cardiac disease
Pheochromocytoma (as It sensitizes myo-
cardium w adrenaline).

Dmg Interactions

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

« Aminophylline can produce serlous ventrl-
cular arrhythmias with halothane,

« Al cytochtome P450 engyme inducers
enlsance its metabolism.

ISOFLURANE

It s fluorinated methylethyl ether, It is an isomer
of enflurane.

Physical Properties

*  Prngent ethereal odor therefore induction is
unplessant,

*  Vapor pressure Is similar to halothane (240
mim Hg),
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Anesthetic Properties

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

Systemic Effects

Cardiovascular system: Hypolension is nuecinmon
with isoffurane (It is the inhalational agent of
choice for controlled hypotension), however, at
the same time, minimally depress myocardium,
does not cause bradycardia and baroreceptor
reflex is preserved, theretore, cardiac output Is
best maintained among all inhalational agents
making soffurane ns inhalational agent of cholce
Sor cardiac patients except for myocardial ischemia
patients. In MI patients, It can cause coronary
stenl however, coronary steal is Just a theorenical
phenamenan and Iseflurane can be used In
MI patients, If necessary. It does nol sensitize
myvocirdivm to adrenaline.

Cerebral: Decrease In cerebral metabolic mate,
brain's oxygen consumption and not very
significant rise In 1CT makes Isoffurane as 2nd best
choitce for neurosurgical procedures.

Liver: Isoflurane on metabolism produces
trifluroacetic acld, therefore theoretically can
produce hepatitls, however, the amount of
trifluoroacetic produced is 100 minimal to initiae
the production of antibodies,

Indications
It is the agent af chowe for cardiac patients.

NEWER AGENTS
DESFLURANE

1t |5 the isomer of lsoflurane [chlorine atom
replaced by fluorine atom), means it is also an
etheral product

Physical Properties

¢ As it is an ethereal product therefore has
pungent odor and unpleasant induction.

o Vapoar pressure ix very high (681 mm Hg) and
bolling polnt ks less than 23°C, therefore can
botls at room temperature and that is why a
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special vaporizer {TEC 6) which is tormperature
and pressire compensated is required for its
delivery.

Anesthetic Properties

»  Because of the lowest blood gus coellicient
(0.42) i buchaction cind recovery ix most rogaiod
among the agents used nowadays.

»  Potency islow (MAC—6%).

*  Unpleasant induction may manifests as
coughing, breath-halding or laryngospasim.

»  Produces nuccbmm muscle relasation among
the agents sised noweadays,

»  Very low fut/gas coefficient therefore excellent
for ohese patients.

Systemic Effects

Cardiovascular system: As it is an isomer of
Isoflurane, theeefore at concentrations less than
| MAC (<6%) its actions are similar 1o soffurane
with an added advantsge that It does not causes
coronary steal however, at concentrations
mere than 1 MAC [ »6%) (panicularly, if this
concentrtion Is achieved rapidly) i stimulate
aympxathetic syséem .

Metabolism

Undergoes minimal merabolism (<0,02%),
therefore does not produce any fluocide.

Uses
= Because of minimial metabolism Desfluerne Is
the agenit of choice for:
Prolonged duration surgeries (no risk of
accumoletion of way metabolites (n spite
of prolonged exposure)
- Old age patieats who may have impaired
hepatic or renal functions
- Renaldiseases (Goes not produce fluoride)
< Obyse patlents: Least fat/gas coeflicient
and least motabolism (Lo obese patients,
the metnbolism of inhalatdonal agents
oy b Incivased by 30-40%)
An excollent alternative o Sevollurane
for hepatic pationts
+  Becwse of Iast recovery, itis inhalational agenr
of chaice for day care surgery.
+  Becmse of sumulation of sympathetic system
at conc, >6%, Itis inhaluional agemt of cholce
Jor shock pationix
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SEVOFLURANE

Physical Properties
Sweet odor

Anesthetic Properties

Faster (B/G coefficient 0.69), pleasant and smooth
induction makes sevoflurane as an agrnt of choice
for induction in childron,

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

Respiration: Effects similar 10 other agenis. Le.
depresses respiration and blunts ventilatory

respanses
Excellent bronchodilatation makes Sero.
Slurane as the inhalational agens of choice for

asthenatics in present day practice.

Cercbrak

¢ Minimum increase in 1CT, significant redoe.
tion in cerebral metabalic rate noad smoother
recovery markes seeafiiomne as an inhakational
agent of chofce for neurosirgery In curvent day
anesthetic practice.

*  Although incidence is very low but sevoflurane
can produce convulsions (usually ot higher
concentrations),

Hepatic: It decreases portal blood flow but at the
same time, increases hepatic artery blood flow
therefore heparic blood flow is begt maintained.
Does not produce trifluoroncetic acid. therefore,
cannot cause Immunologic hepatitis, These
properties make Sevoflurane as an inhalnsional

agent of choice for hepatic pationts.

Renak: The clearance of Sevoflurane s so rapid
that in spite of producing high fluoride nephro-
toxicity has not been reported, however, If the
renal functions are compromised, B can cause
nephrotoxicity making sevoflurene unsuitable for
renal patienin,

Disadvantages

o With rodalime and Boarylime (Barylime >
Sodalime]), it can produce an olefin called as
componund A, which can cansa nephrotoxicity.
The methods to decrease the production of
compound A are:




= Use fresh gas flow > 2 liters/min,
Use Amsorb or fithium containing CO,
abworbents
o With desiceated sodalime, 1t produces
hydrogen fluoride which can cause burns of
respirntory tract.
»  Sevoflurane with Barylime can produce fire
and explosions in breathing circuits
Although very rare but can eause Conedsions.
Proxluces high fuoride.

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
notexd,

ENFLURANE

Has been recently obsoleted due to the following

FEASONS:

* Highly epileptogenic

o Systemic side effects, {.e. decrease in cardine
outpul, respiratory depression and increase
in intracranial pressure was significant

o Duetoslow excretion fluoride may accumulite
in renal tubules to cause nephrotoxicity.

ETHER

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

W Table 10.4: Summary of anesthetic properties of inhalational agents

o & W .' i l

Ether is the unique agent with certaln advant-
ages and disadvantages,

Advantages of Ether

o ltis vory cheap (almost 800- 1000 times cheaper
than sevoflurane and desflurane),

e The only anesthetic tll date which can be
considered complete, Le. has all three basic
properties of anesthesia, viz, narcosis,
analgesia and muscle relaxation

o Safest inhalational anesthetic: Does nol
produce any cardiac or respiraioey depression,
the avdly agent which preserves ciliary activity.

o Can be given by open drop method.

« High safery profile, all anesthetic properties,
use withour equipment (open drop method)
and Jow cost make ether not only the agent
of choice for remote locations (like wars and
disasters) and with less expertenced hands but
ulso the ugent which Is miost near to tdeal.

Disadvantages

o Migh inflammable and explosive: There have
been death reports following burns by ether.

«  Pungen! smelling therefore induction and
recovery s bery unpleasant.

o Cun be easily decomposed by lighr and heat,
therefore, stored in dark color bottles wrapped
In black paper.

« By increasing tracheobronchial secretions |
can induce laryngospasm.

o Very high incidence of nausea and vomiting,

in postoperative period.

l “!
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® Table 10.5: Surmmuacy of systemic effects of inhalational agents

0« neghgible offect CMO, « Oxygen cansumption of beain thsue
« = decrense CBF = Cersieal blvod Now

* = increase ICT = Intracranial tension

+ = minimum

-+ = moderate

b= maximum




METHOXYFLURANE TRICHLOROETHYLENE (TRILENE)
o Overall most poteet (MAC 0.16%) and slowest  «  Most potent analgesic among inhalational
induction and recovery (blood gas coefficient agenty, therelore wis popular in past loe labor
15} analgesia,
* Highly soluble in rubber tubing of closed o It can react with sodalime producing dichioro-
Clrewit, acetplene which Is mewrotuxic effecting cranial
¢ Undergoes maximum metabolism yielding nerves (most commonly involved are V and
highes! concentration of fluoride (F) Vil) and phosgene gas which can cause ARDS
producing msopressiu-resistant high owtpat
(polywric) renal faflure CHLOROFORM
Number of cardiac arrest and death has been
CYCLOPROPANE reported due to ventricadar filwillation,
o Mighly inflantmabile and explosive, For summary of anesthetic properties
o Dsed 1o be stored in orange color eylindersatn and systeric effects see Tubles 10.4 and 10,5
pressure of 75 psi respectively.
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Gases Used in Anesthesia

OXYGEN
It was first synthesized by Priestley,

Preparation
Medical oxvgen s prepared by fractional distl-
lation of air.

Oxygen concentrators: These are portable devices
which can produce oxygen from ambient air by
selective absorption of nitrogen on 2eolites, Oxvgen
concentrators are sultable for use in hospitals,
home or at remote locations like Warfield.

Storage

¢ Medical oxygen Is stored In eylinders with
black body and white shoulders at a pressure
af 2,000 psi {pounds por square inch),

*  Also stored as liquid oxygen,

Phys;cal Properties
it is colorless, odorless,

*  Specific gravity is 1105 (atr: 1000).

«  Crincal temperature Is -119°C therefore lquid
oxygen should be stored below - 119°C (1o keep
any gas in gueBied state it o w kept below its
critical tempersture ),

* ltsupports fire,

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

OXYGEN DEFICIENCY (HYPOXIA)
Body Stores of Oxygen

Theoretically it1s 1,500 mL, bound to hemoglobin,
dissolved fraction and In lungs as functional

restdual capacity (FRC), Among these only
available oxygen ts from lungs, Le. FRC which
praciically is the anly store In body which lasts
only for 2-3 minutes.

Classification

«  Hypoxic hypoxin: This (s the most corumaon type
of hypaxia seon during anesthesia

o Anemic hypoxia.

o Stagnant hypoxs,

«  Histotoxic hypoxia,

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

Systemic Effects of Hypoxia

* At axygen saruration (Sp0O,) of >80% hypoxin
stimulates sympathetic system causing
tachycardla, hypertension und increased
cardiac outpul to compensale,

o At SpO, 60-B0% hypoxia catses vasodilatation
which causes reflex tachycardla and cardlac
output is mahtamed.

o At 5p0y; <60'S, hypozin is direct cardiac
depressant and can produce bradyarthythmia
or even cardloc arrest
The clinicad presentation of hypoxin & cyanasis

which is produced if roduced 1l lovel (s more than

Sg/dl [which roughl corresponds to O, saturation

<B5% or pl), < 50 mm Hgl, methemaglobin

> 1.5 /dl. and Sulffemaglolin >0.5 g/l

Treatment of Hypoxia

= Uxygen therapy: Hypoxic fypoxta respomds best
to axygesi therapy while there is no benefit o



oxygen therapy in histotoxic hypoxia and right
1o left shunts. In anemic and stagnant hypoxin
oxygen therapy daes not increase the amount
of oxvgen carried by the hemoglobin but there
occurs rise in dissolved fraction.

I not treated by simple oxygen therapy patient
miry require mechanical venrilation

¢ Treatthe cause.

EXCESSIVE OXYGEN (OXYGEN TOXICITY)
Systemic Effects of Excessive Oxygen
Pulmonary Toxicity

Prolonged high concentrations can cause
pulmonary toxiclty. 100% oxygen is usually
consldered safe up 10 8-12 hours in normal
adults (in Infants and peanates 100% oxygen
for more than 2-3 hours can cause pulmonary
woxicity ). Pulmionary toxiclty depends on alveolar
concentration (norf on arterfal concentration ).

Pathophysiology: Oxygen toxicity occurs because
of toxic radicals of oxygen like superoxide and
hydroxyl fons, singler axygen, hvdrogen peroxide,
These radicals damage the capillary membrane
increasing capillary permeability and ARDS like

pleture. Abnormality in ciliary transport, absorption
atelectasis and tracheobronchitis are other features
of oxygen toxicity. In neonates palmonary toxicity

manifests as bronchopulmonary dysplasia,

Retrolental Fibroplasia

Thisis dependent on arterial oxygen concentration.
Premature neonates [< 36 weeks) are at greatest
risk.

Cerebral Effects
Acute oxygen toxicity may manifess as convulsions.

HYPERBARIC OXYGEN

It means delivering the oxygen above stmospheric
pressure [> 760 mm Hg {or > 1 ammosphese (aun. ) ).
It is delivered by special hvperbane chambers
which are very expensive.

Theoretically there are many Indications for
hyperbaric oxygen therapy but practically its use
is only reltricted to decompression sickness and
severe cases of carbon monoxide poisoning.

o Polzomings:
Carbon monoxide poisoning (half-lile of
CO ¥t 1 amm. 8 214 minutes which can
be reduced 10 19 minutes at 2.5 atm ), In
current day practice its use is reserved
only for severe cases, mild-to-moderate
cases should be managed by 100%
Narmobaric oxygen.
Cyanide poisoning.

o Gas bubble disoases:
Decompression sickniess,
Alr embaolism,

o Tachemia:
Crush Injuries.
Ischemic ulcers.
Radiation necrosis.

o Infections:
Clostridial,

< Mucormycosis,

Refractory osteomyelitis,

o Others:
Oxygen support during lung lavage.
Bums,
Cerebral edema.

Hyperbadc Oxygen Toxicity
Pudmonary; ARDS,

o CNS: Seizures preceded by facial numbness,
twitching, unpleasant olfactory or gustatory
sensations. Convulsions occurring after
hyperbaric oxygen therapy is called ns Paw/
Bert effect. Pau! Bert effect Is wwually seen if the
pressure used Is > 3 atm.

¢ Eye: Myopia, nuclear cataract and retroléntal
fibroplasia (in necnates ).

*  Avascular necrosis of bone.

¢ Barounauma.

Safe Levels of Hyperbaric Oxygen and
Therapy Schedule
Toxicity depends on three factogs:
1. Pressure
2. Tine of exposure
3. Oxygen concentration.
Pulmonary effects can be seen at 2 aun, while
NS symptoms manifest above 2 gtm.
Hyperbaric chambers may use 100% oxygen ar
air
*  Patlents with chronic diseases are usunlly
gven 2 hours at 2 atm, once a day.



¢ Parents with decompression sickness are

given 100% oxygen at 2.8 atm, followed by 1.9

amm. Interspersed by periods of 5-15 minutes

of air breathing.
¢ Gas embolism patients can be given, air at §

amm. followed by 1005 oxygen at 2.8 and 1.9

aem,

The exact safe levels of hyperbaric oxygen
are not defined however not mave tan 2.8 atm.
stoudd be sesedd with | 0% oxygen in chamber and
not move than 6 ato. with air (21% O, ) in chamber.
One therapy schedule ata dme should be bess than
2 howrs.

NITROUS OXIDE, ENTONOX AND XENON
Alrendy desceibved in Chapter 10.

NITRIC OXIDE

Nirric oxide Is the major vasodilatory compound
produced In pulmaonary and systemic endothelium
during the conversion of L-arginine to L-citrulline
by nitric oxide synthase. It produces vasadilatation
through cGMP

Because of this pulmonary vasodilatory
property inhaled nitric oxide is wsed for disgnosis
and treatment of primary pulmonary hypertension
or secandary pulmoenary hypertension associated
with ARDS (also see Chapter 40, page no, 292),

AIR

¢ Medical uir Is usually supplied through central
supply ar & pressure of 60 psi, however it is
also avadlable in grey cylinders with black and
white shoulders at a pressure of 2,000 psi

*  Iteanbe used ns respired gas (as a replacement
w0 nitrous oxide) or as a gas to drive pneumatic
devices like ventilators,

CARBON DIOXIDE

In prsst CO,, (5%:) wass used to hasten recovery at the
emergence, lor glottis opening for blind imtubation
and for the treatment of postspinal headache
however In current day practice it is not used in
anesthesia. Currently, it is vsed only on surgical
side for gas insufflation for laparescopic surgeries
and cryosurgeries.

It is stored In grey color cylinders at a pressure
of 750 psi. :

HELIUM/HELIOX

Helium, mixed with oxygen (79% hellum + 21%
oxygen) is available as heliox. Hellox Is stored in
black color eylinders (representing oxygen) with
brown and white shoulders {(hrown representing
helium, helium is stored in brown cvlinders) at o
pressure of 2000 psi,

The maost important characteristic of hellum
ix its Jow density {specific gravity of heltum s 311
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 alrflow. Il oxygen is mixed with helium
(Heliox), the density of gas mixture decreases,
decreasing the turbulence and bence resistance
to airflow enabling the oxygen to pass even
through narcow orifices. Therefore, hellox is
used for:
¢ Upper airuny obstruction due to any reason

like trachenl or bronchial stenosis or foreign

body

¢ Microlaryngeal surgeries to decrease the
resistance as small skze endotracheal tubes are
used



Intravenous Anesthetics

CLASSIFICATION
Barrbileorates Novibarbiturates
* lhiopentone o Ketamine
¢ Methobesitone +  Propofol
«  Eromidate
o Opioids
«  Benzodinzepines
«  Phenothinzines

Intravenous anesthetios are used in anesthesia for:

. Induction; Most commonly used (rtravenous
(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 1his
purpose.

2, For analgesia (largely opioicds),

3. Asasoleanesthetic agent for minorprocedures,
o ketamine or propofol « fentanyl,

4. For amnesia (mainly benzodiazepines).

5, Toblunt cardiovasculur response to intubation
(opioids).

6. Forsedation (mainly benzodiazepines ).

BARBITURATES

THIOPENTONE

Thiopentone was the fless intravenous anesthwic
used in clinical practice by Water and Lundy
in 1934, It Iy an alira short-acting barbiturate.
Chemically it is sodium ethyl thiobarbiturnte.

Physical and Chemical Properties

+  Avallable as yellow amorphous powder as
0.5 g and 1.0 g vial to which 20 mL of sterile
water for injecton Is added ylelding n
concentration of 2.5% and 5% respectively
(5% solutlon Is further dijuted to make It 2.5%
solution), The solution Is not stable and should
be used within 48 hours {but can be used for
I week if refrigerated or utll precipitate
appears). It should not be prepared with ringer
lactate oberwise it will get precipltated due to
acidic pH of ringer lactate solution,

o Juis sullur analog of penwbarblione. Sulfur is
added tv Increase the Upld solubility,

o The ulrashort duration of thiopentone Is
because of methyl groap added to it

o It Is available as sodinm salt to make it water
soluble but this Increases the alkalinity of
sotution. pH of sodium thiopentone (2.5%)
solution Is 10.4 (highly alkaline),

+ 6% anhvdrous sodium carbonate 1s ndded to
powder to prevent the formation of free acid by
carbon dioxide from atmosphere.

« ltis prepared in the atmosphere of nitrogen,

Anesthetic Properties and
Pharmacokinetics

Unconsciousness is produced in one arm brsin
circulatian time, Le. 15 seconds and induction
Is largely smooth (however semetimes may be
pssociated with inlrial exclisory responses ).

Ihe clinuration half-llfe of thiopentone is
104 hours but consciousness |s regained afler
15-20 minutes because of redistribution which



means that drug is redistributed from brain 1o

tissues with less vascularity like muscle or fmt

however repeated doses saturates these tssues

and regaining of consciousness after repeated

doses depends on metabolism and elimination.
At induction it causes mild hypokalemio.

Protein binding: In blood 80-90%5 of thiopentane
is bound to plasma protelns, malnly o albumin,

Metabolism: Thiopentone is metabolized in liver
and metabolic praducts are eliminated through
kiclneys.

Mechanism of action: [t inhibits the funcrion of
synapses. Thiopentone (and other barbiturates
also) mediates their action through gamma-
aminobutyric acid (GABA) receptor (GABA-A
subtype ] incrensing the membrane conductance
to chloride ion causing hyperpolarization of
membrane, At higher doses it also produces
GABA-mimetic action.

The second mechanism of action is the
inhibition of the synapuc transmisshon of excita-
tory neurotransmitters like scetyicholine and
ghutamate,

Systemic Effects

Central nervous system

«  Unconsclous is produced in |5 seconds
however the maximum depth is achieved in
B0 secomnds.

o Sieepr I increases stage 2 and decreases stage
3, 4 and rapid eye movement (REM) sleep.

¢  Cerebral oxygen consumption {CMO,),
cerebral metabolic rate (CMR) and intra-
cranial tenskon {1CT) are decreased. Therelore,
Thiopentone can be wtilized Jor cerebral
profection in case of focal ischwrnia. It does not
offer any protection in global ischemia seen (n
cardiae arrest.

o Anticonmvulsant action: Because of phenyl
group, Thiopentone Is very potent anti-
comadsant In faer, convulsions not respond-
Ing to other anticonvulsants are controlled
with thiopentone.

o Antanalgesic action: At subanestheac doses |t
ncts as antanalgesic.

o Acute tolerance; Tolerance s seen i inltial
dose is high

o In low concentrations It s used for narco-
analysis

Cardiovascular system

+  Trcauses hypotenston which Is notonly because
ol central mechanism but also because of
direct depression of vasomotor center.

o At high doses it can cause direct myocarcial
depression,

o Increase In heart rate (10-30%) occurs as
compensation to hypotension,

lhqirawty system
If a painful stimulus is given at inadequate
depth, severe Jaryngospasm aod broncho-
SPissan may occur.

o Transient apnea ks common after thlopentone,
Tt ususally requires no rearment however if gets
prolonged (> 25 seconds), gentle Intermittent
positive pressure ventilation (IPPV) with bag
and mask should be given.

s At higher dosage thiopentone depresses
vespiration after brief recovery from transient
apnea, therefore ukso termed s double apnea.

Eve: Thiopentone decreases the intraoculisr
Pressure.

Pregnancy: Thiopentone crosses the placents
readily and the equiltbrium with maternal
clrcudation is achieved within 3-5 minutes,

Thyrold: Thiopentone has got amti-thyroid
property.

Dose and Recovery

Dose of thiopentone is 5 mg kg body weight;
Mules requiring more than females, obese more
than thin and young more than ok, Although
consciousness s regained after 15 minutes due
to redistribution, the drog 1= eliminated after
10-12 houts ('3 10.4 hours) therefore patients
should ot be allowed to carry out important work

like driving for next 24 fours,

Complications

General

*  Respirntory depressioo.

o Cardiovascular depression.

«  Laryngospasm and bronchospism,

*  Hiccups and coughing.

e Allergic manifestations which may vary from

cutaneous rash, prorins w severe anaphylaocds.

Postoperstive disorlentation, vertigo, euphoria
{delirium).




Some patlents complain of enion or garlic
taste.

Local
Thiopentone's high aikalinity is responsible for
local complications.

A.

Perivenons (subcutaneous) and intramuscilar
mjection: This s commonly seen il thiopentone
Is Injected directly by hypodermic needle or
scalp vein set The high alkalinity lesds to tissee
novrasls and uleeration.
- Trealment
¢ Preventive
Always use 2.5% solution
Inject slowly in incremental doses.
If patient complains of any pain
immediately stop further injection,
¢ Curative: 10 mL of 1% lignocaine
with 100 units of hyalurenidase o be
injected in that area.
intra-arterial injection: This s a dreadful com-
plication which can lead to gangrene and Joss
of imb i not diagnosed and managed timely,
This complication usually occwrs if thiopentone
is infected in anloeubital pein becauso in 10% of
the cases brachial artery divides above elbow
giving @ very supesficial abnormal ulnar artery
which lies just deep w antecubital veln,
Sympromaltology: With injection patient
complains of severe buming pain down the
injection site which Is followed by pallor,
cyanosis, edema and finally gangrene of limh.
Pathophysiology: Because of fs high alkalinity
the thiopentone gets precipitated in acidic
pH of blood forming crystals which can
cause endothellal damage precipliating
vasospasnt and thrambus formation blocking
microcirculation, Both these pracesses can
lead to ischemiy and gangrene ol limb,
Managemen
¢ Preventine:
Ahwiays use 2.5% solution.
Inject very slowly and in incre-
mental doses.
Avold thiopentone Injection at
antecubital fossa (best site to inject
thinpentone is dorssum of hand),
¢ Curatine
Leave the needle at site: All thera-
peutic Injections are 10 be given
through this needle.

Start dilunon with normal saline
Inject heparin to prevent the
thrombus formation,

Inject local vasodilators like
papaverine, alpha blockers or 1%
Hgnocalne.

- Stellate ganglion block—will
relbeve the vasospasm by blocking
sympathetic supply of limb.
Continue oral anticoagulants for
1-2 weeks,

Defer the elective susgery.

C. m:ommwumr Due to chemical leritation

produced by alkaline solution,

D, Injury to median nerve: Il the solution is

directly injected into nerve,

Contraindications
Absolute!

Porphyria: Thiopentone induces enzyme
aminolevalinic acid synthetase which
stimulates the formation of porphyrin in
susceptible individuals, Therefore, absolutely
contralndicated in acute intermittent and
variegate porphyria (can be used safely in
porphyria cutanea tarda).

History of previous anaphylaxis to thiopentone.

Redative:

As thiopentane decreases the cardiac output
therefore should be avolded In shock,
hypotension, fixed cardiac outpurt lesions,
heart blocks or patlent on f blockess.
Asthmatics; Thiopentone can precipitate
hronchaspasom,

Familial kypokalemic periodic paralysis: It can
cause severe hypokalemia in these cases.
Hepatic: disease: Only severe hepatic involve-
ment contraindicates its use.

Rered disense: Doses should be reduced.

‘The most striking difference between metho-
hexitone and Thiopentone is that metho-
hexitane is epiloptogenic while thiopentone Is
anticonyvulsant making it as an agent of choice
Jor electroconvulsive therapy (ECT).
Histamine release is less as compared to
Thiopentone therefore preferred barbiturate
for asthma patients,

Half-life is short {34 hours)



NONBARBITURATES

PROPOFOL

Long half-life and delayed recovery Is the main
reason for which thiopentone has been almost

comphetely replaced by propofol.
Physkal and Chemical Properties

It consists of a phenol ring with isopropyl
group attached denving it chemical name as
2.6 di-isopropylphenol.

*  Propofol is available as 1'% and 2% mulky white
solution prepared in soyabean oll making
the injection painful. Therefore injection of
propofol should be preceded or mixed with
lignocaine, Fospropofol is a water-based
preparation but not widely avatlable.

«  Propofol contalns egg lecithin and glycerol,
As egg is 4 good media for bactertal growth,
chances of contamination of opened vial are
very high In fuct, there have been death repores
following the use of contaminated solution of
propofol, Although the recent formulations
of propofol contalns antimicrobial agents like
disodium edetate or sodium metahisuifite but
they also does not guarantee immunity agalnst
contamination thevefore after opening (f s
mandatory 1o 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. Conscinusness is regained
after 2-8 minutes due to rapid redistribution,
Elimination half-life is 24 howrs: recovery s
rapid and associated with less hangover than
thispentone.

Dose: 2 mg/kg.

Metabolism

Mainly metabolized in Jiver but significant
(30%) extrahepatic metabolism also ocours in
kidneys. A part of Propofol is also metabolized
in lungs. Clearance rate s 10 times more
mpid than thiopentone therefore recovery is
rapid. All metabolic products of propolol are
{ncictive.

Systemic Effects

Cardlovascular system: Hypotension produced
Is significant and it also impairs barereceptor
response 1o hypotension,

Baplmory System:

Incidence of apnen |5 higher (25-30%) than
thiopentone. Respiratory depression is more
severe and prolonged than thiopentone.

«  Propolul induces bronchodilatation is COPD
patients.

«  Depression of upper airway reflexes is more
than thiopentone and therefore it s preferred
for surgeries done under laryngeal mask
alrway without muscle relaxants

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

Propolol possess unticonvislsant property and
hus even been used 10 trear convulsions. However
on the ather hand there had been few case reports

of grand mal epilepsy being reported with propofol.

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

GIT: By decreasing the central seratonin release
propofol acts us & potent antiemelic agent (even
more effective than ondansetron for pastoperative
navsea and vomiting)

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

« Ithas no antanalgesic property.

¢ Itis pot a muscle rslixant,

Uses

1. Because of its shorter half lfe it is the agent of

chaice for inducnon,

Because of its early and smooth recovery,

Inactive metabolites and antiemetic effects it

Is the IV agent of choloe for day care surgery.

3. Along with opioids (Remifentanil) propofol
15 the agent of choice for total intravensws
anesthesia (TIVA ).

4. Propofol infusion can be vsed 0 produce
sedation in 1CIL

5, Itisthe agent of choice for induction In suscep-
tible Individuals for malignant ryperthermin.

[




Advantages of Propofol over Thiopentone

+  Rapid and smooth recovery,

«  Completely eliminated from body in 4 hours
therefore patient ks ambulatory early,

¢ Antiemetic.

* Antipruritic,
= Bronchodiator,
Disadvantages

¢ Apneais more profound and longer.

Hypotension is more severe,

Injection is painful.

Solution is less stable (6 howrs),

Chances of sepsis with contaminated solution

are high.

Myoclonic activity may occur,

v  Sexual lantasles and hallucinations are
additional side effects.

o Expensive than thiopentone.

e Because of maximum [nhibition of airway
refllexes there are Increased chances of
aspiration in high risk cases.

o As propofol increases the dopamine con-
centration in brain s addiction has been
reported.

o Propofol infusion syndrome: It ks rare but Is
a lethal complication. It s usually seen if
propolol Infusion & continued for more than
48 hours. It Is more common in children, It
occurs because of the fullure of free fatty acid
metabolism caused by propofol. It is associated
with severe metabolic acidosis (lactic acidosis)
acute cardiac failure, cardiomyopathy,
skelesal myopathy, hyperkalemia, lpenia and
hepatomegaly.

Contraindications

o Obsterries: Contrary to the previous recom-
mendations of nol using propolol in pregnant
patients newer studies have shown that at the
doses used for induction Propufol daes not
affect the APGAR therefore can be safely used
in pregnancy.

o Lactation: The amount secreted in breast milk
is teo low that Propofol can be safely used
during breastieeding.

o Children less than 3 years: Contrary (o the
previous recommendations of not using
propofolin children less than 3 vears, in current
day practice it can be safely used in children

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.

o Putient with egg allergy: Since egg allergy Is
almaest always from egg white {albumin) not
from lecithin (which is prepared from yoke),
history of egg allergy is not a contraindication
for propofol. However, it is advisable to not use
propofsl in patients with history of anaphvlaxis
10 ©R8.

¢ Patients with soy allergy: Like egg allergy
patients with soy allergy can safely receive
propofol,

ETOMIDATE

o Chemically itis an imidazole devivative,
« [t also acts through GABA,

Advantages

= It is most cardiovascular stable among all IV
agents.

*  Minimal respiratory depression,

*  Nohistamine release.

o It decreases the [CT by almost 50% in patients
who have elevated ICT therefore can be used
to reduce ICT,

Sldo Effects (Disadvantages)

Adrenvcurtical suppression on long-term
infusion, Single use only causes wmporary
adrenocortical suppression which recovers
with vitamin C supplementation.

«  Nausea and vomiting: Incidence is 40% which

is highest amonyg all intravenous anesthetics.

High incidence of myoclonus (30-60% ).

Injection is painful.

High incidence of thrombophielitis.

It can cause eldarmin C deficiency,

Hicoups are common.

May cause inhibition of platelet function.

No analgesia,

I isonly parphyrinogenic in ris not in hunsans

therefore can be safely used in porphyrias in

humain belngs.

Uses

Etomidate Is the intravenous anesthetic of cholee
Jor anevryyin surgery and patients with cardiac
disease.



BENZODIAZEPINES

Benzodigzeplnes (B7s) are used in anesthesia

for:

1. Premedication: To reduce anxiety.

2. Amnesia: Amnesia produced by BZs is
anteragrade.

3. As a sole agent 1o non-paintul procedures

ltke bronchoscopy, gastroscopy under local

analgesin (BZs elevates the seizure threshold

of local anesthotics 1

As induction agent: Rarcly used,

To prevent hallucinations by ketimine,

To control convulsions,

Pharmacokinetics
See Table 12,1,

Mechanism of Action

Benzodinzepines mediates their action through
GABA receptor (GABA-A subtype) increasing
the membrane conductance to chloride lon
causing hyperpolarization of membrane (GABA
facilitatory)

Systemic Effects

CNS: Mainly acts on reticular activating system

(RAS) and amygdala (limbic system) producing

sedartion, anxivlysis and amnesia. They also act

on medulla producing muscle relaxation and on

cerchellum producing ataxia.

¢ BZ's sie anticomisants.

¢ They are mot analgesics.

¢  Produce muscle relaxation by acting at
medullary and spinal cord level (central
action ).

¢ Reduces cerebral metabolic rawe, brabn oxygen
consumption and intrncrantal pressure.

¢ Initial regain of consciousness seen after
10215 minutes is due to redistribution,

Effects on sleep: Increases stage 2, decreases
stage 3, 4 and REM sleep duration but effects

oo

on REM are less marked than barbiturates,
Nitrazepam even profongs REM, At higher dose
BZs can produce loss of consclousness.

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

Cardlovascular system: Minimal reduction in
blood pressure, heart rate and cardiae output.

Metabolism

The BZs are metabolized In liver The major active
metabolite of diazepam bs desmethyl diazepam.
Metabolites are excreted in gut and urine. There s
significant enterohepatic clreulation.

Diazepam and lorazepam: Hardly used in

intrapperative period because of the lollowing

TURSONS:

»  Preparation is oil based therefore Injection is
painful

o Sleep s not smooth (inctdence of dysphoria s
highest with diazepam),

« Elimination half-lives are prolonged therefore
chances of postoperative respiratory depres-
sion are there.

Midazolam: It Is 3 times more potent than
diazepam. o current day practice Midazolam (s

rthe only BZ used in intraoperative period.
The advantuges over diazepam and lorazepam are:
*  Water based preparation so injection is

painkess.
o Hlimination half-life is 2.3 howrs avoiding the
risk of respiratory depression in postoperative

period.

= Because of shorter half-life midazolam can be
safely wsed for day care procodures,

+ Reversal with flumazenil is complete (no
re-sedanon ).

& Table 12.1; Pharmacoknetcs of commonly used bepzedizzepnes

Route of administration Orafl, 1M, IV

[ &




*  Since midazolam can be given through oral,
buccal, rectal and intranasal route (nasal spray)
It can be utilized In pediatric population.

Benzodiazepine Antagonist (Flumazenil): 1t is »
competitive antagonist at BZ receprors.

It antagonizes hypmasis, resplratory depression
and sedation but amnesia 1= minimally reversed
(particudarly at low doses of flumazenti).

The disadvantage of flumazenil Is its short
half-tife (1-2 hours) therefore there are chances of
re-sedation with long acting agents like diazepam
and lorazepam.

KETAMINE

Ketamine produces dissoctative anesthesia,
It was synthesized by Stevens In 1962 and first
wsed In humans by Domino and Corsen In 1965,

Physical and Chemical Properties

It is phencyclidine derivarive. Available as solution
of 10 mg/mL and 50 mg/mL, Contains preservative
benzethonium chloride,

Anesthetic Properties and
Pharmacokinetics

«  Omset of action in 20-60 seconds.

« Early regain of consciousness after 15-20
minutes is because of redistribution,

«  Elimination half-life is 2-3 howrs

*  Metabolized in liver to form norketamine and
hydroxynorketamine which are one-third as
potent as ketamine. Products are excreted in
urine.

Site of Action
Primary site of action s thalamo-neocortical
profection.

Ketamine inklbiny cortex (unconsciousness)

and thalamus (analgesia) and stémuwelates Hmbic
svstem (emergence reaction and hallucinations).
It also acts on medullary reticular formation and
spinal cord.
Mechanism of action: The main mechanism by
which ketamine exerts it effect is by inhibiting N
methyl D aspartate (NMDA) receptors. Interaction
through opioid () receptors has also been
postulated,

Systemic Effects

It produces dissoclative anesthesia, o state which
dissociates the individual from surroundings
and himself, ie, individual is in catalepric
slate.

Central nervons system

* Increases brain oxygen consumption, meta-
bolic rate and (ntracranial tersion. However,
on the other hand as a NMDA antagonist it
offers neuroprotection. Therefore, It can be
used safely in head injury patients who are
mechanically ventilated {In mechanically
ventilated patients hyperventilation can be
instituted o negate the rise In ICT produced
by ketamine),

s Very potent analgesic

«  Emergence reactions: These are seen al
emergence. The Incidence 15 10-30%; less
incidence In children and old age, Emergence
reactions Include vivid dreaming, illusions,
extracorporeal experiences like foating out
ol body, excitement, confusion, euphoria,
fear.

o Hallucinations: It produces both auditory
and visual hallucinations (mainly auditory).
Incidence is 30-40%, Hallucination is the most
commaon side effect of ketamine.

Hallucinations and emergence reactions
cian be decreased by giving benzodiazepines
along with ketamine. Opioids, barbiturates,
propofol and inhalational agents also decrease
the incidence of emergence reactions and
hallucinations.

Cardiovascular system

*  Ketamine stimulates sympathetic system
causing tachycardia and hypertension
therelore is the intravenous anesthetic of cholce
for shock. However in debilitated patients in
whom catecholamines have been depleted,
ketamine can cause direct myocardial
depression, Benzodiazepines attenuate
this hemodynamic response (tachycardis,
hypertension and increased oxygen demand
of myocardium) of ketamine.

« Ketamine not only increases the systemic
vascular resistance (SVR) burt also increases

pulmaonary artery pressure.




llespinlnry system
At dinically used doses it maintains respira-
tion however can cause respiratory depression
at higher doses especially in children,

o Ivissuch a potent bronchodilator that it can be
used in the freatiment of refractory status asth-
muaticus unresponsive to conventional theragy.

o Pharyngeal and laryngeal reflexes are pro-
served (but siient aspiration can still occur).

o Tracheobranchial and sallvary secretions are
increased producing laryngospasm. Therefore,
use of atropine/glycopyrrolate s necessary
with ketamine,

Eye: Increases intraocular tension, Puplls dilate
moderately and there occurs nystagmas.,

Gastrointestinal teact (GIT): Jncreases intragastric
pressure. Sadivary secretlons are Increased.,

Muscular system: [rcreases muscle lone.
Patient shows non-purposeful movements but
interestingly a contradictory effect of ketnmine Is
patestiation of effects of nondepolanzing muscle
relaxants by unknown mechanism.

Dose

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

¢ Intravenous: 2 mgihg

¢ Intramuscular: 5-10 mg/kg.

Advantages and Uses in Anesthesia

*  Induction agent of cholce for:
Asthmatics: Ketamine, in spite of potent
bronchodilator Is generally avolded
due to its side effects {especlally vivid
reactions) and propensity 10 Increase
tracheobronchial secretions, The use
of ketamine in present day practice Is
restricted to patients in active asthma
(wheezing) undergoing life threatening
CIETRENCY SUTGVTiex
Shock (because it stimulates sympathetic
system)
Alternative method to inhulational indue-
tlon In children through intramuscular
route.
Low cardine output states like constric-
tive pericarditis or cardiae tamponade

[because it increases cardiac output by
stimulating sympathetic system).
Right to left shunt like tetralogy of Fallot
(ketamine by causing hypertension
increases the afterload thereby decreasing
the nght to left shunt fraction).
Can be used as sole agent for minor
procedures (like incision and drinage),
burn dressings.
Can be safely used at remrarne places and in
inexperienced hands because it does not
depress respiration and heart.
Preferred agent for patients with full
stumach (pharyngeal and laryngeal
reflexes are preserved ).

- Poor risk patients (ASA TV) [because of
safety).
Depressed patients: They have better
recovery after ketamine,

Consideting the anesthetic properties

Ketamine can be considered as complete IV
anesthetic.

Disadvantages

o Vivid renctions in the form of hallucinations
wetd dreaming and emergence reactions are
the major impedance w 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 laryngospasim,
Increases myocardial oxvgen demand,

All pressures ke Intraocular, intragastric,
intracranial are markedly raised.

Contraindications

o Head injury, as it increases intracranial tension
(can be vsed In mechanically-ventilated
patients)

¢ Ocular surgeries and glancoma (it increases
Intraocular pressure),

¢ Ischemic heart disease (it Increases myo-
cardinl oxygen demand ).

Vascular ancurysm (it causes hypertension),
Patients with psychiatric disesses and drug
addicts (higher incldence of hallucinatlons
and emergence reactions),



¢ Hypertensives,
Hyperthyroidism

¢ Pheochromocyroma.

S-enantiomer of Ketamine

It is considered supenior o conventional ketamine
(which is a mixture of S and R isomers) because
It has lesser side effects, rapid rocovery and better
antiapoptotic effect, It is not available in India,

OPIOIDS

Uses in Anesthesia

o Mainly used for analgesia in intraoperative
and postoperative period.
Blunting reflex respanse 1o intubation,
Producing sedation in 1CL.
Treatment of pulmonary ederma (morphine is
agent of cholce).

* Toabaolish shivering {pethidine and ramadol).

Oploid Receptors

Opioids act through specific receptors which have

heen classified into 4 types: p (mu), x (kappa), 5

(Delta) and nociceptin (Sigma and Fpsilon are

no more believed 1o be In existence in humans).

Although opioid receptors are mainly present

in brain (where they are called as supraspinal

receptors) und spinal cord (substantia gelatinosa
of dorsal horn cells) however their presence at
oxtra CNS sites like GIT is well documented.

» i (mu) Receprtors: These are the mastimportant
receptors for the action of opioids, These are
further divided into p, and p..

4 Mediates analgesia {mainly supraspinal
but spinal also), sedation, bradycardia, miosis,
urinary retention, prolactin and growth
hormone release and muscle rigidity,

Je: Mediates respiratory depression, constipa-
tlon and physical dependence.

* x [kappa) Receptorz: Medliates analgesia
(mainly spinal but supraspinal also),
sedation, constipation, psychotomimesis
(hallucinations), dependence and diuresis
(contrary to 2 which causes urinary retention)

s & (Delta) Receptors: Mediates analgesia
(mainly spiral but supraspinal also),

e Nocleeptin (also called as orphanin FQ):
Endogenous oploids mediate their action

through nocicepting

Classification

A On the basis of source of synthesis
Naturally ocewrring:
Morphine
Codeine
Thebaine
Semisynthetic:
Herin
Dhydromorphone
Uxymorphone
Penstamorphone
Symthetic:
HButorphanol
Levorphanol
Pentazocine
Pethidine
Fentanyl, Alfentanil, Sufentanil, Remi
fentanil
Tramadol
Buprenorphine

B On the basis of receptor Interaction
Pure agonisst:
Moarphine
Fentanyl
Alfentanil
Sufentanil
Remifentanil
Pethidine
Agonist-antagonizt { Mixed oploid);:
Pentazocine
Nalbuphine
Nalorphine

Butorphanol
Levallorphan

Dezocine
Meptazinol
- Buprenorphine

Pure antagonist:
Niuboxone
Naltrexone
Nalmefene
Methylnaltrexone {peripheral antugonist)
Alvimopan [peripheral antagonist)

Opioids and Receptor Interaction
o Pure agonises ave agonist at oll receptors with

highest propensity for mu receptors,
o Up to a certain dose (like 60 mg for
pentazacine and 1.2 mg for buprenorphine)



T T S RPN

Agonist-entagonist are agonistat k, p (partial or
full) and & and thereafter becomes antugonist
at ma () receptors.
As they exhibir agonistic action oniy up to

a certain dose, the analgesia and respiratory
depression achieve plateau after this dose,
this effect is called as cefling effect. Celling
effect is the muost imporiant charpceteristic of
agonist-cottagonists. As the mixed opivids are
antagonist at mu receptors in high doses, they
can be used to reverse pure antagonist it high
doses.

o Pure untagonist are antagonist at all recepiors
wihth highest propensity for mu receprors.

Mechanism of Action of Opioids

Supraspinal: Opioids bind with receptors
In rostroventral region of medulla and cause
stimulation of off cells present there, thereby
blocking nociceptive stimuli transmission.

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

At cellular level opioids hind to recoptors to
stimulate G protein synthesis and ¢cAMP which
causes T K producing hyperpolarization of
membrane and + Ca™ decreasing excitability.

At high concenrations they can divectly inhibit
NMDA receptors,

Systemic Effects (Morphine as Prototype)

Cardiovascular system

= Hypotension: Hypotension ocours becanse of
decreased central sympathetic tone and direct
vasadilatation

o Bradycardia (except pethidine and penta-
zocine which cuuses tachycardia),

«  Shifting of blood from pudmonary to systeenic
circalation; it is for this property morphine is
used in the treatment of left ventrscular failure.

o Meperidine can directly depress myvocardial
cantractility.

*  The oculocardine roflex, which is caused by
traction on the extreocular muscles during
squint surgery, Is sugmented by newer oploids,
particularly with alfentanil.

Respiratory system
s Oplolds Inhibit the resplration: both volume

and rate are decreased (Rate > volume)

Respiratory depression is the mast comman
cause of death in morphinge poisoning.
Children and old age patients are more prone
for respiratory depression.

«  Opioids inhibit the ventilatory response to
hypoxia and hypercarbia,

«  Morphine can inhibit ciliary activity.

«  Opioids inhibit airway and tracheal reflex
(rnaximuen with sufentand) and therefore used
to attenuate the reflex response to intubation
and (o reat cough (codeine ).

«  Bronchi: Directly acting on bronchinl muscles
oploids are bronchodilutors (particularly
fentanyl] however can cause bronchocon-
strbetion by refeasing histamine.

Delayed and recurring respiratory depression:
Detayed (Late) and recurring resplratory depression
£ exhiblted by all pure agonists. The reasons are:

«  Sequestration by stomach and reabsorption
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 Hiphosic
respivatory depression.

¢ Opioids get deposited in skeletal muscle and
later get released into circulation on musculir
activity like rewarming, motion and shivering,

Central nervous system

o Analgesia: Produced ar supraspinal as well
as spinal level. Visceral pain is relieved bettor
than somatlc pain,

«  Sedation: Sedation at lower dose can progress
10 deep coma at high dosage.

o Cerebral metabolic rate (CMR), cerebral O,
cansumption, intracranial pressure (ICP) and
cervbral bood flow (CBF). Generally opioids
decrease CMR, CBF and ICP in u resting brain
however they may increase CBF and ICT in
head injury and Intracranial space occupying
lestons {ICSOL).

*  EEG Oploids n Increased doses produce high
voltage slow waves (Delta) on EEG buf cannor
cause flattening of EEG as there occur cefling
effect.

+  Stimulation of chemoreceptor trigger zone

(CT2) causes nausea and vomiting (at very

high dose they inhibit vomiting by inhibiting

vamiting center ).

Mood changes, mentad clouding.



« Inhibits temperature regulating centers
causing hypothermia.

»  Commulsions: Morphine, pethidine and remi-
fentanil can cause general tonic clonic sei-
zures while with other agents there may occur
focal seizures.

Muscular system

Oplolds can cause muscle rigidity which
sometimes becomes 5o severo in thoracic muscles
that it causes hypoxia. This is called as Wooden
chest syndrome or ctiff chest syndrome, Muscle
rigidity iy most comnmonly seew with aifentanil. The
treatment of muscle rigidity includes naloxone,
benzodiazepines (for mild cases only) and muscle
relaxants and elective ventilation {(for severe
cases).

Endocrine system

Stress hormones (ike adrenocorticotrophic
hormone (ACTH), follicle-stimulating hormone
(FSH), LH and cortisol synthesis s decreased
by opioids while the synthesis ol antidiuretic
hormone (ADH), growth hormone (GH) and
prolactin is Increased.

Stress response: Oplolds are not enly capable of

rexiucing the stress by modulating nociception bt
endogenous opioid (i endorphins) themselves

can serve as stress rediving hormones.

Gastrointestinal tract (GIT): Opioids inhibic the
gut motility and decrease the gastric emptying
causing constipation {Opioid bowe! syndromy)
Biliary tract: Causes constriction of sphincter of
Oddi increasing billary duct pressure, however
the strict guidelines of rot using opioids for biliary
collic have been questioned in current day clinical
practice,

Eye: Opioids causes miosls and decreases intra-
ocular tension.

Renal: Relaxes urinary bladder causing urinary
retention.

Immunosuppression: Immunosuppressive effects
of morphine have been documented in studies,

Dependence: it is both physical and psychological.
Tolerance: Tolerance has been seen to all actions
of opiolds except constipation and miosts and
tolerance is mainly pharmacodynamic, The

chronic use of opioids not anly produces tolernce
o pain but can produce hyperaigesia.

Pharmacokinetics of Morphine

Early wokefulness [15-20 minutes) is because of
redistribution while eliminaton half life is 2-4
hours, Metabolism s mainly in Hver (elimination
half life in neonates Is 10 hours),

Metabolites, marphine-3-glucuronide and
6-glucuronide are active and can produce narcosis
and respiratory depression for several days in ronal
fallure.

Marphine canbegivenby IV, IM, subcutaneoss,
oral, rectal, wranscutancous, intrathecal and
epidural routes,

Dose: 0.1-0.2 my/kg

Opioid Agonists

Pethidine (aiso called as Meperidine)

o (hemically it s an atropine congener therefore
has additional side effect like atropine, Le.
blurred vision, dey mouth and tachycardia,

¢ Itis one tenth as potent as morphine.

+  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 billary colic,

« DPethidine 1s directly acting myocardial
depressant.

+  Pethidine abolishes shivering theretore is the
drug of chaice for shivering.

¢ Pethidine has also got local analgesic

properties.

Contraindications

« Pethidine is absolutely contraindicated in
patients on monoamine oxidase inkibitors
(MAQ) therapy. Patient on MAD Inhibitors
undergo abnormal metabolism of Pethidine
1o produce Nor-Pethidine which can cause
restlessness, hypertension, convulsion, coma
or even death,

*  Pethidine should not be given 1o patients
with myocardial ischemin because it not
only depresses myocardium but by causing
tachycardia also incregses the myocardial
oxvgen demsand.

Piritramide

It is a synthetic opioid structurally similar
to Pethidine. Tt does not couses nausea and
vomiting.

13




s

Newer Opioids
Fmtanyl

Fentanyl is the most common used oploid In
anesthesia,

¢ PFentanyl along with bupivacaine or ropiva-
caine is used as continuons infusion for pain-

less labor and postoperative analgesi,
¢ Iris 100 times more potent than moephine
The advantages of fentanyl are:

¢ Due to high lipld solubility Ir has rapid onser
{210 5 min, ) and rapid recovery (1-2 hours).

o Nrcanbegiven by IM, IV, transmucosal, (fentanyt
lollipop), transdermal, (fertanyl patch), intra-
thecal and epidural route. Fentanyl paich
provides analgesia for 72 hours,

o It is mos cardiac stabile opioid.

Alfentanil

Alfentanil is analog of fentanyl, 1/5th as potent
as fentanyl. Onser (1.4 minutes) and recovery {s
maore rapid as compared 10 fentanyl, Alfentanil
is less preferred becawse of higher incidence of
mescle rigidity.

Sukntaml

Sufentanil is the most potent human opioid
(500 times of morphine) available In clinical
practice.

*  Assufentanil maximally inhibit airway reflexes
(t ts the agent of choice for inhibiting stress

respanse In laryogoscopy and intubation.

Remifentaril

It is ultrashort acting opioid metabolized rapidly

by esterases in red ceils and tissues.

Omsot is fastest (1.1 munutes) and recovery is
alsa most rapid among opioids (5-10 minutes)
making Remifertanil @5 an opilold of choice for
day care surgery.

Disadvantages of remifentani] are;

* Contains glycine which can cause motor
weakness making It unsuitable for post-
aperati analgesia and painless labor.

*  Significant hypotension.

Tramadol

o Itisasynthotic dervattve of codeine.
¢« It not enly produces analgesia through
opioid receptors but also activates spinal

Inhibltion 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 paln s olten associated
with depression) however In acute pain this
increase in serotonin produces additiona!l
side effects like nausea and vomiting making
rramadol a less preferred agent for acute pain
management,

¢ Selzures have been reported in patients
taking ramadol therefore, it should be used
cautiously with the drugs which decreases the
setzure threshold like monoamine oxidase
(MAO) nhibitors or ticyclic antidepressants.

¢  Tramadol has aiso got local anesthetic and
antibacterial properties.

Other Opioid Agonists
Codeine: Used for suppressing cough.

Heroin: Has got highest addiction potential

Methadone: Mainly used In prevention of opioid
withdrawal symptoms,

Sameridine: Other than oplold 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 eeiling to
respiatory depression.

Pentazocine (Fortwin)

» It is agonist at kappa and delta receptors and
AntEgonist af mu receptors.

*  Malnly acts an & recepross a1 spind level.

« ltis 1/3vd as potent as morphine (M mg of
Pentazocine = 10 mg of morphine),

* Pentazocine stimulates sympathetic system
therefore cunses tachycardio and hypertension.
Bilinry spasm and constipation are less severe.
Hall-life 35 3-5 hours.

Cefling occurs at a dose of 6 mg

Buptmorphme
Buprenorphine is agonist at mu receptors in
low doses and antagoniss in high doses.

¢ Buprenorphine has kighest receptor binding
potential

¢ Itis 25 times more potent than morpline.



o It is long seting: the effect of single dose can
last for 10 hours

o Celling effect s seen beyond L.2mg

s Buprenorphine’s local anesthetic properties
make it a useful adiuvant 1o local anesthetics
far nerve blocks,

Burarphanal

Effects are almaost similar to pentazocine except
less tuchycardia. Butorphanol patch is commaonly
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 ks partial agonist at mu ()
in low doses and antagonist at high doses

Opioid Antagonists

Naloxone

e It 15 a pure opioid antagonist acting on all
opioid receptors with maximum propensity
for mu receptors,

o It reverses the actions of all oploids however
due to high receptor binding potential reversal
with buprenorphine may be partial,

« The duration of action is 30-60 min thereby
incressing the chances of renarcotization with
long acting agents Hke morphine.

«  Naloxone can be given bntra- tracheally.

Systemic Effects

Cardiovascular system: Naloxone causes sympa-
thetic stimulation and can produce severe hyper-
tension, tachyeandia or even pulmonary edema.

Central nervous system: Naloxone has non-
specific analeptic effect. Cerebral metabolic rate,
oxygen consumption and hload flow is increased
therefore increases intracranial tension.

Contraindications (Relative)
o Myocandial ischemia (severe tachyeardia and
hypertension are detrimental ),

« Inracranial lesions,

«  Pheochromocytoma: Opioid reversal with
nidoxone can produce ventricular fibrillation
and cardine arrest

- -
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Other Uses of Naloxone

o Diagnosis of oplold dependence.

o Treating neonatal asphyxia if opioids are used
during fabox

*  The role of naloxone in shock and other
conditons like Intractable pruritus and
thalamic pain syndrome has been doubted in
newer studies.

Naltrexone and Nalmefene: These are long acting
[8-10 hours) antagonists and can also be given

orally,

Peripheral antagonists: Methylnaltrexone and
Alvimopan: These are quaternary ammaonium

compounds not crossing the blood brain barrier,
Therefore holds very promising role i reversing
the peripiieral side effects particularly constipation
without reversing the analgesta.

Endogenous Opioids
Enkephalins, endorphins dynorphios are
the endogenous oploids produced in body,
Endomorphin-1 and Endomorphin. 2 are the
new endogenous oplolds however their details
are not known.

o Endogenous opicids exert their offect through
nocicepiin.

¢ Enkephalins and endorphins mediate
supraspinal control of pain while dynorphins
mediate puin control at spinal level.

»  Enkephalins are responsible for producing
acupuncture-mediated analgesia while beta
endorphin medintes stress response.

ALPHA 2 ADRENERGIC AGONISTS

Due to the properties like sedation, anxiolysis,
hypnosis, sympatholysis and mild analgesia «,
agonist have been very useful In anesthesia,
Clonidine had been used for many years as
an adjuvant to anesthetics however the side
effects like hypotension, bradyecardia und
withdrawal hypertension reswricted the use of
clenidine,

Dexmedetomidine

Dexmedeiomidine is o new o, agonist which
is more selective and has lesser side effects as
compared to Clonidine. It is very commaonly used
in anesthetic practice, It can be given nasally and




bucally making it usefu! for children, The uses of
Desmedetomidine in anesthesia are:

As premedicant {onxiolytic property).
Adjuvants 10 reduce the dose of IV (sedative
property), inhalational anesthetics (MAC
of Inhalatonal agents Is decreased) and
analgesics (analgesic property], Narcotic
requirement has been found to be reduced
by 50% In patienis who receives Dexme-
detomidine infusion,

To attenuate cariovascular response to
intubation (sympatholytic property).

Yor sedation in ICH: The mechanically-
ventilated patients who were sedated with
Dexmedetomidine had smoother and

hemodynamically stable weaning.

For sedation in operation theater and dia
gnostic units. Dry mouth produced by
dexmedetomidine serves as an additional
advantage in bronchoscopy.

As 4 hypnotic agent during surgical proce-
dhures like awake craniotomy.

As an adjuvant o peripheral and contral
newradal (spenal/epidural) nerve blocks.

For the reatment of addlction of oploids and
bezodiazepines,

Side Effects

Initsal hypertension

Hypotenston: Hypoetension is the mmost commaon
side effect, seen in almost one-third of the

patients,

® Table 12.2: Summary of systemic effects of intravenous anesthetics

Constriction (4)

Ketamine ™" T
Eromidate 0 ¢ 3

14 Dilstation (+44)

. a

0 = no effect
Abbreviations: CMO,, cerebral axygen consumption; CBF, cerstiral blood flow; ICT, intracranial tansiony
108, intraocular pressure

L T oucrease T = inoease

di+ Constriction
because



¢ Hradycardia or even sinus arrest at very high
doses.,

The effect of dexmedetomidine can be reversed
with atipamezole.

Although studies have shown the safety of
dexmedetomidine being used for many days as
continuous infusion however FDA approves its
use anly for <24 hours,

OTHER INTRAVENOUS ANESTHETICS

Droperidol, Neuroleptanalgesia and
Neuroleptanesthesia

The neuroleptanalgesia is produced by o
combination of droperidel and fentanyl (avallable
in brand nume Innovae ) in @ ratio of 5001, Addition
of nitrous oxide to this combinstion constitutes
neuroleptanesthesia.

B Table 12.3; Summary of anesthetic properties

Denoeffect  +& = moderate effect  + = mild effoct  +44 = sovene affect

T'he use of neuroleptanalgesia or Neuro-
leptanesthesia has been disappeired from
modern anesthesia practice becavse of the
possibility of QT prolongation and fatal arrly-
thmias (torsades de pointes) seon with droperidol
[1n facy, FDA issued a black box warning against
Droperidol). It can also produce malignant
neuroleptic syndrome, hyporension (o blockade)
and extrapyramidal side effects,

In past dropendol was used mainly as anti-
emetic and neuroleptanalgesia/neuroleptanes.
thesia malnly for neurosurgical procedures
reguiring arousal patient like stereotactic briin
surgery, removal of seizure foci elc.

For summary of systemic effects and anes-
thetic properties of intravenous anesthetics see
Tables 12,2 and 12.3 cespectively.

» (entally acting mustle
relaxann)

PR  fhyger rigkity)

KEY POINTS

= Wost commonly wsed IV anesthatic for induction in curmene day practice is propofol.
o Although eimination haklifie of Thiopentoos is 104 hburk but consciaistress (s maained after 1520 minutes

e to redurbunion.

s Tivopentons can be utlled Loy cerebinsd protection in case of focal Bcherma.

Thiopentcop Righ alkalinity iz responsibie for local complications ke Intra-aners infection,

o Vasosaem and trombus formation 3% the maor events responsible ¢ couning gangrene aftes nz-ansial

injecton of Thippentane:

e Thicpentonsis absolutly contrrindicated n acute ntermitient and varegate pamphyria but can be ysed safely

in porphya cutaneatarda
= irjection of propofed is peinful.

®  As propofol containg g9 lecithin tnese are high chances of contimination of Propotol
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Muscle Relaxants

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,
synaptic cleft and muscle end plate,

The neurotransmitter responsible for newro-
transmission at neuromuscular junction is
acetyicholine (ACh). It is synthesized in the nerve
cytoplasm by combination of choline which is
taken from outside (and this entry of choline is

o

Mitochondria

regulated by Na®* K pump) and acetyl coenzyme
A, which is synthesized by mitochondria,
This reaction is mediated by enzyme choline
acerylransferase. The synthesized ACh is stored
In wesicles. Whenever there Is stimulation of nerve
these vesicles migrate 1o surfece, rupture and
refease ACH in synaptic clefr.

Synaptic cleft is 20 nm wide. The ACh
molecules bind 10 ACh receptors at muscle end
plate which leads 1o opening of ion channels, so
that ions can move seross the membrane and
depolarize it producing end plate potental and
triggering contraction,

—

K Nerve and
Cholne

Ca
Acstylchaling —.:. :. :. Synaptic cloft
ACH receptors ——— \ ( o\ r
M Muscie and piale

Acetylcholine containing vesicies

+ Acetyicholine molecules

Fig. 12.1: Neuromuscular junction
Abdveaotions: ACh, acetylcholine: CAT, choline acetyftransfecase



The scetylcholine s destroved in dess than Lms
by acetylcholinesterase (true cholinesterase ) which
is synthesized by underlying muscle.

Acetyicholine Receptor (Fig. 13.2)

It is a protein made up of 1,000 amino acids.
These receptors exist in pairs. Fach pair has 5
subunits. Alpha (@) subunit is important becausy
ACh, succinycholine and competitive aniagonists
(nondepolarizing relaxanis) bind to this site.
The receptor has two gates, (Fig. 13.3) uppet
one voltage dependont and the lower one time
dependent. For producing muscle end plate action
potential both gates should be open. If any one of
gate 15 closed lons cannot pass even through an
open channel

Extrajunctional receptors: These are seen
in neonates, infants and denervated (and
regenerating) nerves, These receplors are very
senzithw 1o depalarizing agents and resistant to

nondepalarizing agents.
NEUROMUSCULAR MONITORING

Most commonly chosen muscle is adductor
pallicis, supplied by ulnar nerve. The details of
newromuscular monitoring have already been
described in Chapter 6, page no. 67,

Acatyichalne (ACh)

molecuies mokciss
v < W

v

Sequence of Muscle Blockade

Due to number of factors different muscles

exhibirs different sensitivities to muscle relaxanis.

For example, laryngeal muscles and diaphragm

may require more than double doses required to

block adductor pollicis. In fact, the diaphragmn
iy considered as most resistant muscle. However,
in clinical practice it has been seen that central
muscle, .o, muscles of face (musele sciculations
after succinylchaline are first seen in eyelids),
jaw, pharynx, larynx, muscles of respiration,
abdominal and trunk muscles are blocked earlior
than peripheral muscles (limb mascles). This is
simply because of early and more blood supply
to central muscles delivering more quantity of
musche refaxants to central muscles as compared
to peripheral moscles

The sequience of recovery is also same, Le. fiest wo
recover are central muscles {larvngeal, pharyngeal,
respiratory and trunk) and last to ecover are limb
mrascles.

This sequence of blockade and reversal has got
the clinical significance:

»  Adductor pollicisis mostcommonly monitored
for nevmomuscular blockade, Relaxation in
adductor pollicis means larvngeal muscles
have already been hlocked and inubation can

Succinyichotine (SCH)

v QO
m o) ()
Inactivated s1ate Open channal Dpé&n channet

-
Activateg state

Racaptor actvated by ACh (i) ant SCh {il)
Fig. 13.2: Acetyicholine recepror

M

TS

Time-mediated gals

Fig. 13.3: Acetyicholine receptor showmng two getes



be performed, Similarly at reversal, activity
In adductor pollicls Indicates recavery of
larvogeal, pharyngeal and resplratory muscles
anct patient can be safely extubated.

« Orbicularis oculi/corrugator Supercilii
{corrugatar Supercillt preferced) are the ideal
muscles for monitoring as activity (n these
muscles cormesponds with laryngeal muscles
however due to tochnical infeasibility these
mus¢les are not used routinely.

CLASSIFICATION OF MUSCLE
RELAXANTS

Skeletal muscle relaxants are classified into
centrally acting (acting ar cerebrospingl axis)
and peripherally acting {actng at neuromuscular
Junction or directly at muscle). The peripherally
acting muscle relaxants are further classified
Intoc
A Depolurizing blockers:
o Succinylcholine (Suxamethonium),
¢ Decamethonium,
B. Nondepalarizing (competitive) blockers
(Table 13.1).

DEPOLARIZING AGENTS

s Decamethonium: Not used.
o Suxamethonium [Succinylcholine, (SCh)),

Suxamethonium (Succinylchaoline)

It was introduced by Thesleff and Fold in 1952 and
wits first used cinically by Bovet (for which he got
Nobel prize). Chemically, it is dicholine ester of
succinic acld.

Pharmacokinetics

It is avaslable in 10 mL vial (50 mg/mL). It under-
goes hydrolysis at room temperature therefore
should be stored ar 4°C. Onset of acton is within
30-60 seconds and duration of action Is usually
< 10 minutes, Because of this early onset and
short duration Succinyicholine is the ideal muscle
refaxant for intubation however due to the side
effects its use is only restricted to mpid sequence
or difficult airway munagement situations.

Dose: 1-2 mg/kg.

Metabolism

It is mmediately metabolized in plasrma by psew-
docholinesterase { Butyrylcholinesterase), which
is synthesized in liver and present in plasma in
abundant quantities, therefore to prevent its
metabolism it should be given at faster rate.

Mechanism of Action

At newromusenlar junction succinvicholine acts
like acetylchaline binding to the same receptor
site, producing the action potential and muscle
cantraction. Acetyicholine s Immediately
metabolized by acetylcholinesterase present ar
neuromusculiar junction but succinylcholine
metabolism depends on the concentration
gradient between plasma and peuromuscular
junction making excessive availability of
succinylcholine ot nearomuscular junction, This
excessive succinyicholine produces repeated
depolarization and contractions in all muscles
which can be directly visualized as fasciculations
As a rule of physiology persistent depolarization
will make the membrane to became refractory

B Table 13.9: Didferences between depolaiding and nondepolarizing block

N

1. Also called as phase | biock
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to succinylcholine as well as acerylcholine for
A transient period. This transient pertod is the
period of relaxation, This kind of block produced
by succinyichaline is termed as phase | ook,

Systemic Effects

Cardiovascular system: Suxamethonium not only
acts on nicotinic receptors bul also on muscarinic
receptors producing bradycardia [however at very
high doses it may cauxe tachycardia due to the
stimulation of nicotinic receptors at sympathetic
ganglion). Excessive bradycardia can sometimes
cause nodal thythms.

Hyperkalemia: Hyperkalemia is e most promt-
nent effect of Suxamethomium which occurs dug
to excessive muscle fasciculations, In normal
clrcumstances serum potassium Increases by
0.5 mEqg/L. Hyperkalemia increases the risk of
ventricular archythmiss,

Central nervous system (CNS): By causing
contraction of neck muscles thereby blocking
jugular venous outflow Succinylcholine increases
imtracranial texston.

Eye: Oculur muscles are multiple innervated
muscles which undergo tonic contraction after
succinylcholine increasing the intraocular tension
(107).

GIT: Intragastric pressure (s increased due to
contraction of abdominal muscles. By activating
GI muscarinic recoptors it Increases Gl secretions
and peristalsis.

Muscle pains (myalgia, muscle soreness): This

Is a common complication seen in postoperative

pesiod; incidence Is 40-50%. Muscle pains are due

to excessive muscle contractions. The incidence of
postaperative myalgia can be reduced by:

*  Precurarization: Precuratizarion is the
technique in which one-tenth dose of
nondepolarizing muscle reluxant Is given
d minutes prior to succinylcholine, This small
dose of nondepolarizer by blocking some
of the receptors will decrease fasciculations
and hence myalgia. This technique can also
prevent the rise in intracranial and intragastric
pressure but does not reliably prevent rise in
Intraocular pressure (due to multl-innervation
of ocular musches),

¢ NSAIDs and prostaglandin (nhibltor like
Iysine acetylsalicylate also decrease incidence
of myalgia (but not used routinely for this
purpose).

Malignant hyperthermba: Succinylcholine is the
mast cammonly implicated drug

Anaphylaxis: Severe hypersensinvity reaction can
acour with succinylcholine,

Masseter spasm: Succinylcholine can cause
masseter spasm especially in children which may
be a precursor sign for makignant hyperthermia,

Contraindications

L. Hyperkalemia: Serum K*> 55 mEq/L is
an absolute contraindication for wsing
stxamethonlum.

2. Succinylcholineincreasesthe ICT howeves, the
Increase is ransient and can be revered with
hypervennlation therefore Suxamethonium
is not absolutely contraindicated for newro-
surgery and can be safely used If there is chear
indication like rapid seguence induction or
possibility of difficulr airway,

3. Glaucoma and eye Injurles (increases

intraocular pressure ).
However, if absolutely necessary Succinyl-
choline can be considered for raised intra-
ocular pressure after pretreatment with
nondepolarizers { precurarizaton).

4. Newbhorns and infants: Newborns and
infants have regenerating nerves therefore
have extrajunctional receptors making
suxamethonium to act on more receplors
producing more hyperkalemia,

5 Up to 2-3 months after trauma, up to 6
months after hemiplegla/paraplegla (stroke)
and up to | year after bums (the greatest
tisk period is | week 10 2 months). In these
conditions denervated/ regenerating nerve
develops extrajunctional receptors produciog
significant hyperkalemia.

6. Renal failure: Renal per se 1s not a contra-

indication but renal failure §s often associated

with hyperkalemia.

Prolonged intra-abdominal infection-

profonged infection is usually associated with

acidosis which is inevitably assoctated with
hyperkalemia,
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8. Shock {shock is assoclated with metabolic
acidosts and hence hyperkalemia),
9. Diagnosed case of atyplcal pseudocholi-
nesterase and low Pseudocholinesterase
10. Muscular dystrophiles like Duchenne muscle
dystraphy or dystrophla myotonia: Muscles
In these patlents are so sensitive 10 suxame-
thonium that severe life-threatening hyper-
kalemia can occur. Moreover, these patients
may develop permunent contractures if
succinytcholine s given and they are one of
the highest risk patients to develop malignant
hyperthermia
In fact, exlstence of undingnosed muscalar
dystrophy Is the reason for avolding suxame-
thanium in young children,
11, Tetwnus, Guillain Barré syndrome, peliomiyeli-
tis or spinal cord fajury: These conditions ane
associated with hyperkalemia,

Prolonged Apnea after Succinylcholine
It can be because of:

*  Low pseadocholinesteruse.

o Arypical pseadocholinesterasa.

*  Phase [l Wock

Low Pseudocholinesterase

Pseudocholinesterase is a protein synthesized
by lver and Is present in plasma. Normal serum
lovel Is 80 wnfts/ml and half-life is 12 hours,
Psendocholinesterase level should fall below
75% of normal 1o produce clinically significant
prolongation of stuxamethonium eftect,

Its levels are reduced in:

s Liver diseases because it synthesized in liver.

e Asitis a protein therefore, any protein losing
enteropathy, uropathy, chronic cachexic
diseases like malignancy, newborns, old
age, alcoholics, dictary hypoproteinemin or
pregnancy {dilutional hypoproteinemia) will
decrease its levels,

o Direct inhibition of psewdocholinesterase; The
following drugs may cause direct inhibition of
pseudocholinesterase;

Cytotoxic drugs {particularly alkylating
agents).

Cholinesterase inhibitors: Neostggmine,
pyridostigmine snd echothiophate

inhibits pseudocholinesterase and
can prolong apnea up to 60 minutes,
(Cholinesterase inhibitors can reverse the
action of non-depolarizers and prolong
the Wock of depolarizers).
Metoclopramide.

Pancuronium,

Oral contraceptives.

Bambuterol (a prodrog of terbutaline)
[Fblocker, esmolal.

Treatment

+  Continue intermittent positive pressure ventl-
lation (IPPV) and wait for spontaneous reco-
VUTY @8 SPOTMANCOUS Fecovery oocurs in almast
all cases after a delayed period,

o Fresh frozen plasme: It should be given only if
patient Is not recovering spontaneously

o Heat wreated preparation of cholinesterase
is preferred over fresh frozen plasma but
avitilable only in few countries.

Atypical (Abnormal) Pseudocholinesterase

It is 4 genetic disease in which patlent has
abnormal enzyme which is not able v metabolize
Suxamethonium.,

Incidence: 1 in 3,000, This is diagnosed by
Dibwcaine number.

Dibucaine Is & local anesthetic which can
inhibit 80% of normal enzyme and 20% of
abnormal enzyme therefore dibucaine number for
homozygous typlcal (normal person) is 80% and
homozygous atypical is 20%. Dibucaine minmber
only tndicates the genetic makewup of an individwal,
It cannot measure the concentration or efficiency
of pseudocholinesternse.

Sodium fluocide can be used In place of
Dibucaine { Foride ngnber).

Troatment

As majority of the patlents are heterozygous
arypleal (e have normal as well as abnormal
enzyme) therefore recover spontaneously after
1-2 hours. So continue PPV and wait for
spontaneous recovery. Those who do not recover
spontaneously (homozygous atypical) may be
givent fresh frozen plasma or synthetic preparation
of cholinesterase,

|
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Phase I Block

Also called as dual block, This is prolonged
block seen after exvesstve dose of suxamethonium
(> 5 mg/kg or » 500 mg),

Exact pathophysiobogy of phase [ block is not
understood but some of the mechanism may be:

¢ Desensitization: Repeated doses produces
structural changes in receptor which under-
goes desensitization,

s Channet biockade: Succinyicholine molecules
enter the open channel and produce prolonged
block.

o Calcium mediated injury to end plate,

Diagnosis: Succinylcholine showing fading on
newromuscidlar monitoring Is pathognomaonic of
phase [] biock.

Treatment

¢ Maintdn IPPV

»  In 50% individuals block may reverse by isself
In 10-15 minutes,

o In the remalning cases a trial of neostigmine
can be given if there is no response even after
30 minutes, If neostigmine is given early it can
waorsen the block. Sufficlens evidence stating
the role of neostigmine in phase [ block is still

lucking,

NONDEPOLARIZING MUSCLE
RELAXANTS

First muscle relaxant, d-tubocurare was used by
Harold Griffith.

Nondepolarizing muscle relaxants {NDMR) are

used in anesthesia for:

*  Maintenance of relaxation [1st dose for
maintenance should be full dose but all
subsequent doses shauld be Wih of the 1s1
dose ),

o Far intubation: Due to side effects of suxame-
thonlum, in current day practice nondepolar-
lzers are used routinely for intubation
(except for certain situations like rapid
sequence intubation or difficult airway where
stmamethonium is still the drug of choice).
The major limitation of nondepolarizers for
not using for intubation was their slow onset
of acton (3-4 minutes), Therefore, numerous
methods like priming (giving 1/10th of dose
2-3 minutes prior to main dose) or using

SR - =y

very high doses were devised 10 enhance the
onset of action of action of nun-depolarizers
however the availability of rocuronium (onset
of action In 50-90 seconds) has led o almost
complete disappearance of these techniques
from modem day anesthesia,

¢ For precurarization, (o prevent postoperative
myalgla by succinylcholine,

Mechanism of actlon: The NDMR are the
competitive antagonists a1 acerylcholine receptor.
They bind at the same site (o subunit) at which
acerylcholine binds preventing acetylcholine to
bind thereby preventing depolarization, action
potential and muscle contraction,

All NOMR uwre qualernary ammonium
compounds and highly water soluble, Le
hydrophilic {not lipophilic) therefore do not cross
Wood brain barrier and placenta except gallamine

Classification

A, On the basts of chemical structure: On the
basis of chemical structure they are broadly
classified as:

Steroddal compounds
Pancuronium
Vecuronium
Pipecuronium
Rocuronium
Rapacuronium
Benzylisoquinollne compounds
d- Tubocurare
Metocurine
Doxacurium
Atracurium
Mivacurium
Cisatracurium
- Mivacurium
bers
- Gallamine
- Alcuronium
Omnivm chlocfumeates
The basic difference between sterotdal and
benzylisoquinoline (BZ1Q) compoundds is that
histamine release is seen with BZIQ compounds
wnd vagolvtic progerty with sterotdal compounds.

B. On the basis of duration of action: Onset of a
nondepolarizer is inversely proportional 1w
potency. More the potency, lesser the dose
required, means less molecules delivered at




neuromuscular (NM) Junction to compete
with acetylcholine delaying the onser of action.

Dtubocurae  Vecuronbum  Mivacunum

Pancuronium  Alracuram Gantacunum
(shovrest acting!

Doxacurium Czatracuriom
(lomgest acting)

Steroidal Compounds

Pancuronium

The main reason for not preferring pancuronium
in current day practice s cardiac instabilizy. It
releases nor-adrenaline and cause vagal blockade
which can cause taclycardia and hypestension. By
releasing nor-adrenaline It increases the chances
of arrthythmias with halothane,

Duration of effect: 30-40 minutes.

Metabolism: Only 10-20% s metabolized in liver.
BO-90% is excroted by Kidneys therefore should not
be uged in renal diseases

Vecuronium

It has 2 rings A and D. D ring s similar to
pancuronium and A is modified to make its action
of shorter duration. It's commonly used muscle
relaxant in India.

Pharmacokinetics
Dose: 0.08-0.1 mg/kg.

Onset of action: 2-3 minutes.
Duration of effect: 15-20 minutes

Metabolism; 2-40r% |s mesabolized in liver, Only
25% 15 excreted through Kidneys, A significant
amount (40%) is excreted in bile trerefare it should
not be used in biliary obstruction,

Systemic effects

¢ As vecurondum ks most cardiovascular stuble
it is the muscle relaxant of choice for cardiac
patients.

* Long-term use in ICU has resulted in
polynewropathy due to accumulation of its
metabollse, 3-hydroxy metabolite.

Rocuronium
o It is a derivative of vecuronium with 1/8th
potency,

o The advanrage of rocuronium over other
nondepolarizing muscle relaxants iz its early
onsel within 60-90 seconds as compared 1o
other relaxants (3-4 minetes). As rocuronium
onset is comparable 1o succinylcholine it &
nondepolarizer of choice for intubation and
precurarization.

¢ Rocuronium Is preferred over vecuranium
for prolonged use in ICU because it does not
produce any active metabolite,

s 1 is the only nondepolarizing muscle relexant
which can be given by intramuscular route,
Reest 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 (I minute) bur duration of action is
short (almost half of vecuronium and rocuronium).
Rapacuronium has been withdrawn from markes
because it produced intense bronchospasm in
significant number of patients (> 9%).

Pipecuronium

It is 4 pancuronium declvative with better candiae
stability, however not as cardiac stable as vecuro-
nium, As It does not offer any additional advantage
aver vecuronium it is hardly used.

Benzylisoquinoline Compounds
A. Agents not used nowaday.

O-Tubocurare

It is named o because it was carried in bamboo
tubes and used as arrow polson for hunting by
Amazon people.

It 15 not used In present day practice because

of its highest propensity for histamine and ganglion
Wockade (and Tuwnce severe hypotension).

Duration of effect: 50-60 minutes,
Metocurine

Possibility of severe anaphylaxis led to its
obsoletion, It Is an jodine containing compound,

o —
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therefore persons with allergy o lodine shouold not
be given metocuring.

B, Agents used nowaday.

Atracurium

*  Avallable a3 atracurivm besviste,
s Tobestored ar4°C.

Pharmacokinetics

Itis an acidic compound therofore can precipitate
i given in [V line containing alkaline solution like
thiopentane,

Dose: 0.5 myglky.
Onset of action; 2-3 minutes
Duration of action: 10-15 minutes,

Metabolizm: It has unique method of degradation.
The majority of the drug undergoes spontanesus
degradation in plasma called as Haoffman
degradation (a small amount ts metabolized by
plasma esterase), Hoffman degradation is a pH
and tempernture.dependent reaction; higher pH
and temperature fisvor more degradation.

Systemic effects

AL higher doses its metabolic product lawdonoesine
can crazs bood brain barrier and can produce
commlsions.

As it is benxylisoquinoline compound It can
relesse histamine which can produce allerglc
reactions ranging from pruritic rash to angio-
neurotic edema, branchospasm ar hypotension,

Uses

As atrzcurium metabolism is not dependent on
hepatic or renal functions it is refaxant of choice for
Heparic faifure.

Renal fallure.

Newbom (Immature hepatic/renal function)
Ol age (impaired hepatic/renal luncrions)

If reversal agent Is contraindicated [as meta-
bolism of Atracurium s guaranteed there is no
risk of accumularion of any active form)

¢«  Neuromuscular diseases like myasthenia

gravis,
Cis-Atracurium

o ltisan isomer of atracurium with 4 times more
potency than atracurium.

® bre''eie

¢ The chiel advantage of cisatracurium over
atrucurium is that it does not release histamine
and laudonosine production is 5 times less than
atracurium therefore aluveys preferred over
aldracurizom,

o ltsonly metabolized by Hoffman degradation;
does not underga any metabolism by ester
hydrolysis.

Rest of pharmacology is similar to siracarium.

Mivacurium

Like succinylcholine it is metabolized in plasma
by pseudocholinesterase therefore prolonged
block is expected in conditions causing low
Peeudocholinesterase level.

As it is metabolized by pseudocholinestetase
it duratlon of action is short (5-10 minutes)
making it a muscle relaxant of choice for day cane
surgery.

The major side effect is histamine release,

Doxacurium

Doxacurium long duration of action (60 minutes,
longest acting non depolarizer), high potency
(most potent nondepolarizing muscle relaxant)
and almost complete ellmination as unchanged
drug by bldneys makes it a least preferred drug by
cliniclans

OTHERS
Not used nowaday.

Gallamine

Gullamine is obsolete for more thun 2 decades

due to following reasons:

e It has got maximum propensity for vagal
Mockade (vagolytic) therefore can cause severe
tachycardia.

o |t is the only nondepolarizer which can cross
the placynta and cawse fetal death therefore
absolutely contraindicated in prgrancy,

*  More than 80% is excreted by kidneys therefone
contraindicated in renal diseases.

Alcuronium
It gets deteriorated on sunlight exposure therefore
was avallable (n dask colored ampoules.

Because of the higher risk of anaphylactic
reactions it is no more used,



COMPOUNDS UNDER RESEARCH
Mixed Onium Chlorofumarates

Gantacurium

Gantacurium, previously known as AVAZDA, Is &
mixed onlum chilorofurmarates which s stitl under
clinical triuks, Preclinical trials has proved it to be
having fast onset (< 90 seconds) and witra short
duration {shortest among nondepolarizers); after
reversal complete recovery has been reported in
3-4 minutes.

It Is rapidly metabolized by forming cysteine
adduct followed by ester hydrolysis,

‘The main side effect, i.¢. histamine release is
only seen it very high doses (3 times of normal
dose). The properties proven in pre-clinical trials,
If maintained after clisical trials also, gantacuriion
will not be the only nondepolarizer of cholce for
intubration rather i may emerge as an alternative
1o suxamethonium for Intubarion.

CIW 002 is anologue of gantacurium with
Intenunediate duration of action

Changeover of muscle relaxants In the same
sitting: It is almost never pracrced but if an
intermediate acting drug is administered after
long acting then duration of intermediate acting
drug is protonged for first two doses,

Addition of muscle relaxants: Two muscle
relaxants of same group (steroid + steroid or
BZIQ+BZIQ) produces additive effect while
addition of different group (steroids BZIQ)

produces svnergistic effect.

Factors Prolonging the

Neuromuscular Blockade

*  Neonates.

o Old age.

*  Obesity,

*  Hepatic disease (both depolarizer and

NDMR),

Renal discase (only NDMR),

Inhalational agents: Prolong the block by
both depolarizers and NDMHR. Inhalational
agents decrease the requirement of relaxant
by 20-30%, Maximum relaxation among
inhalational agents use now a days is produced
by Desflurane. (Desllurane > Sevoflurane >
Isoflurane > Halothane)

Antibiotics: Prolong the effect of both

dopolarizers and NDMR.
Aminoglycosides [Neomycin, strepto-
mycin, gentamicin, kanamycin, poly-
myxin, and tabramycin), lincosamines
(lincomyein and Clindamycin ), To reverse
the effect of block by aminoglycosides
drug used 1s 4, aminopyridine.

- Tetmeycline,

Local anesthetics: Except procaine local

anesthetics prolong the action by stabilizing

past synaptic membrane (both depolarizers

and NDMR are pralonged).

Hypothermin: Decreases metabolism of

muscle relaxants [both depolarizers and

NDMR).

Hypocalcemia: Calcium is required for

producing sction potental. Acton of NDMR

is enhanced,

Hypokalemia: NDMR biock is enhanced.,

Acid base imbalances espoctally acidosis

(Action of NDMH s enhanced).

Calclum channel blockers [Action ol only

NDMH is enhanced).

Dantrolene {(Action of only NDMR is

enhanced).

Neuromuscular diseases (Table 15.2),

Hypermagnesemia: Prolongs block by boih

depolurizers and NDMEL

Lithium prolongs duration of both depolarizers

and non- depolarizess.

Cholinesierase Inhibltors (neostigmine):

Prolong the action of depolarizers by inhibiting

pseudocholinesterase,

Antihypertensives (Trimethaphan and

ni veerine)

Anttarrhythmics (Quinidine, procainamide):

Prolongs depolanizers and nondepolarizers,

Drugs which Antagonize
Neuromuscular Blockade

Phenytoin

Carhamazepine

Catleium

Cholinesterase Inhibitors

Azathioprine

Sterodds

These agents only antagonize the effect of

NDMR.




REVERSAL OF BLOCK

Thore are fwo rules of reversalk

1. All patients who have recelved nondepolarizer
must be given reversal agent until unless there
is absolute contraindication for using reversal
agent,

2. Reversal should be given only after some
evidence of spontaneous recovery has
appeared like patient bas started spontaneous
respiration and TO, shows at least | twitch
response otherwise reversal agents may
enter the open channels and can themselves
produce block.

Drugs used for reversal of block by non-
depolarizers are cholinesterase inhibitors

{anticholinesterases) and gamma cyclodextrins.

A. Anticholinesterases

Anticholinesterases which can be used for neversal
of the block of nondepolarizers are:

*  Neostigmine

*  Pyridostigmine

These agents except physostigmine are
quaternary ammonium compounds therefore do
not cross the biood brain barrler,

Mechanism of Action

Cholinesters @ inhibitors inactivate the enzyme
Acetylcholinesterase which is responsible for
bresk-down of acetylcholine, thus increasing
the umount of acervlcholing avatlable for
competition with nondepolarizing agent thereby
re-establishing nevromuscular transmission.
Cholinesterase inhibitors have additional
effects others than inhibiting cholinestetase like
(1) Increase release of acetvicholine from pre-
synapthc nerve terminals, (i) direct agondst {weak)
action on nicotinkc receptors, [4t) block potassivm
channels.

The increased acetylcholine will nor only
act at nicotinic receptors but also on muscarinic
receptors producing muscarinle side effects
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like bradycardia, bronchospasm and increased
secretions. Therefore 1o prevent these muscarinic
side effects some anticholinergic like atropine or
giycopyrrolate has o be given with cholinesterase
Inhibitors. Glycopyrrolate being devoid of central
side effects is always preferred over atropine.

Neostigmine

Neostigmine is the most commonly used reversal
agent.

Dose: 0.04—-0,08 mg/kg.

The effect begins in 5-10 minutes and peaks in
hall hour and lasts for one hour. Anticholinergic
preferred with neostigmine is glycopyrrolate
because both have same onset of action (both are
slow acting).

Edrophoninm: 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 edrophonium Is atropine {both fast
acting).

As neostigmine and pyridostigmine [nhibit
pseadocholinesterase they cannot be used to
reverse mivacurium which Is metabolized by
pseadocholinesterase. Edrophonium does not
Inhibit pseudocholinesterase therefore is the
reversal agent of choice for mivacurium.

Pyridostigmine: The onset s slower (10213
minutes) and duration is longer (> 2 hours), It is
preferred drug for renal fallure patients s whom
a prolonged stay of muscle relaxant is expected.
This situation Is rare in present day anesthesia as
for renal fallure padents lnvariably Atracutium or
cisAtracurium is used.

B. Gamma Cyclodextrins (Sugammadex)

Cyclodextrins are the reversal agenis which
directly binds to steroidal type of nondepolarizing
muscle relaxants 1o form a complex which gets

eliminated unchanged through kidney.
Advantages

«  Anticholinesterase are unable to reverse
deeper blocks while sugamenadex is effective in
reversing profouwnd ockade,

«  The reversal of block with cholinesterase
inhibitors is slow (10-15 min.) while reversal

with sugammadex is very fast (2-3 minues).
Moreover there occurs celling to the effect of
anticholinesterases (there is limit to which
acetylcholinesterase can be inhibited)

«  Asthere are no muscarinkc side effects, there is
no need to use glycopyrrolate or Atropine

«  Sugammadex can be given even if there are no
sins of spontaneous activity.

Disadvantages

* Cannot reverse benzylisoquineline type of
nondepolarizers

*  As the Sugammadex—nondepolarizer com-
plex is eliminated unchanged through kidneys
it cannot be used in patient with severe renal
insufficiency

e Can encapsulate other drugs like oral contra-
ceptives

= Risk of hypersensitivity reactions may be one
of the major Umiting factor preventing wide
spread use of sugammades,

C. L-cysteine

As the fumarates [gantacurlum) s inactivared
by adduction of cysteine, the admintstraton of
exogenous L-cysteine results i complete reversal
within 2-3 minutes,

SIGNS OF ADEQUATE REVERSAL

¢ Regular respiration with adequate tidal

volume, Le. patient is able to maintain axygen

saturarion on roam air.

Spontuneous eye opening.

Spontaneous imb movements,

Able to protrude tongue.

Recovery of upper alrway reflexes like cough

and swallowing,

«  Able to Nft head for more than 5 seconds used
1o be considered as most reliable clinical
test.

o Sustained faw clench over a tongue blade is
considerdd as best clinical sign however it is
difficult to perform by patient therefore still
most widely used clinical test is head life.

«  Train of four (TO,) rutko > 0.7 (70°5), indicates
adequate recovery but ratio > 0.9 guarantees
recovery. However, most of the clinicians
believe that in addition to TO, ratio > 0.9,
patients must not exhibit any clinical



symptom/sign of impaired neuromuscular
recavery like difficulty in swallowing, diplopta,
inability to speak, inability to perform head lift
or complain of general weakness, to declare
guaranteed recovery, General uvakness is
considered ay maost sensitive symptom of
Inadequate reversal.

COMMON CAUSES OF INADEQUATE

REVERSAL

¢ Inadequate dose of neostigmine, As there
oceur ceiling to the effect of neostigmine there
is hardly a role of second dose

«  Over dosage of Inhalational agents (inhala-
tional agents have neuromuscular blocking
properties)

*  Renal fatlure, hepatic failure (except atra-
curlum and cisatracurium)

*  Hypothermis (decreases metabolism)

*  Hypothvroidism (decreases metabolism )

* Electrolyte abnormalities especially hypo.
kalemia and hypocalcemia
Associated neuromuscular diseases
Shock {because of acidosis)
Acid base abnormalities: Respiratory acidosis
and metabolic alkalosis doubles the dose of
neostigmine. It becomes almost impossible
to reverse a patient with pCO, more thun
50 mm Hg,

CHAPTER 13: Muscie Redazants ‘;

CENTRALLY ACTING MUSCLE
RELAXANTS

These are the drugs whichk produce muscle
relaxation through cental mechanism both at
supraspinal and spinal lovel. Palysynapiic 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 peuromuscular juncron.

The commoanly used centrally scting muscle
reluxants are;
Chlorzoxazone, chlormezanone.
Driaepiam.
Baclofen,
Tizanidine, metaxalone.

Others like mephenesin, meprobamate are no
maore used intravenously (mephenesin is still used
in ointments).

Uses

+  Muscle spasms,

» Tetanus: Intravenous diazepam iz most
effective,

¢ Spastic neurological diseases like cerebral
palsy, spinal injuries.

¢ Close reductions and dislocations In

For summary of pharmacology of muscle
relaxants see Table 13.3.

B Table 13.3: Summary of pharmacology of muscle relaxants
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The following can be concluded from Table 13.3:

Long acting muscle relaxant are largely
eliminated by kidneys, Metabolism by liver
is very small, Intermediate acting have rapid
clearance because of multiple pathways like
metabolism, eliminstion and degradation.

NOMR absolutely contraindicated in ronal

- Galtamine
Metocutine
doxacurium

- Pancuronium

- Tubocurare

M : nsignificent - Plasma 0 o

INDW

NDMR relatively contraindicated In renal
Jailure

Vecuronium {only st higher doses)
NIDMR safe in renal follure

Atracurium

Clsatracurivm

Rocurmnium

Mivacurium

NDMR contraindicated in hepatic failiere
- Vecuronjium
- Rocuronium

Mivacurium
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NDMR safe in hepatic faihero o NDMR cuusing ganglion blockade
Atracurium d-Tubocurare
Cisatracurium Metocurine
NDMR conmtraindicated in biliary obstruction Alcuronivm
Vecuronium o NDMR cousing imgal Wockade
Hocuronium Gallaminge
NIXMR contraindicated in pregnancy Pancuronium
Gallamloe Rocuronium
NIDMR of cholce for raptd sequence intubnation = NDMR af cholee for cardice patients
[muscle redaxant of cholee is suceinylcholing) - Necuronium,
Rocuronium

KEY POINTS

In clinicat pracice central muscie ate Dckad and recover 2arier than perpharal misces (b muscies)

Hecause of early onsat and short durston Ssconydcholing & the keal muscie selaxant for imtutsstion.

Hyperkalermia is the most prominent effest of simamethonum

Succinglcholne bs the most commaonly implicated deug for maligriant byperthermia

Irtrancular nttaghi e and ntractaniyl pressiees are neregsed by suxamethonium

Fadfing after saxsmethoniom is pathognomanic of phiase || block

Continuz INermtiant PoSTive feednXe ventiation andt wail 1or spontanéoat 1ecovery 4 1he eatment of

cholce for ow and atypical pseudechaiingsterase,

Benpyllsoquitoline eeases histartine while stercioul compounds av vagoiytic

Onset of 3 hondepolarie |6 [Iversddy propornonal 10 potency.

Voecuronium 1s most cardicsscular albie rmuscle reaxant

Rocuronium & nondepoiartzer of chice for Intubation

Interse bronchosgasm lad to withdiawel of rapsauronium from market.

Atracurium and cisatacurium are metabolized by Hoffman degradation making them nelasant of cholce for

hepatic and renad filuse

Chatracutivm does nol ndeass histamine and Laudonosine production is 5 times less than stracurium

Mavacueium 15 the muscin refamant of choce for day care surgery

= Gallamine it the orly nondenalataer which can cross the placenta themdire atsciutoly consrandicated in
PRONANCY.

8 Gantacurium omet and duration £ Jmost compasabie 10 sexamethorsum

s To provent muacannic side offects, anticholineigic like atropine < glycopyrolate nas 19 be glven with
cholnesterase inhitaton

®  Sygammace |s the newer nesortal agent which apidly and complittety reverses the block by steroidal type of
nondegoarizecs but Caanal revense berzyinoquinolng compaundas

8 SUSTained jw clench ocer & tongue bisde 1 considered a3 bes clinical sign bowever train of four ratio > 049

Guataniess 1uCivery



Perioperative Complications of

General Anesthesia

Almost all complications which can occur in
intraoperative period can also occur in post-
operative period. Therefore, complications are
classified as perioperative [intraoperative « post-
operative]. In spite of the debite over the period
most of the clinicians consider perioperative
period up to 48 hours after surgery,

Most anesthetic complications oceur becans
of hemarn errors {nsay nol necessarily amount o
negligence).

Although the more turbulent periods
In anesthesia are Induction and emergence
however maximum complications are reporied
in maintenunce period necessitating the same
vigilance standards In maintenanee period as in
induction and recovery phase.

Postoperative respiratory depression has been
cited ax the most common cause of anesthesia
related death in perioperative period and the usual
cause is transferring the pationt to postoperative
anesthesia care unit (PACLU, newer term for
recovery room) without oxygen and reluctance 10
give oxygen in postoperative period. Thesefore all
patients in PACU must recedoe supplemerntal oxygen
and contimuous monitoring of oxygen saluration,

To prevent complications in PACU vitals
should be monitored every 5 minutes for first 15
minutes and therexfter every 15 minutes in stable
pathents,

MORTALITY

Although majority of studies reports the
perioperative incidence of death to be 12 13,000-
15000 however the Incidence of death exclusively
related to anesthesia is rare (> 1:100000). In spite

of this Death is the leading cause of claims as per
American Society of Anesthesiologists {ASA) clatm
studkies. Major factors responsible for perioperative
death are increased age of the patient {odds ratio
of death for >80 years vs. < 60 1s 3,29), ASA status of
the patient {odds ratio for ASA LV vs E1Tis 10.65),
sex {female less prone for mortality, odds ratio as
compared 1o males is 0.77), nature of surgery (odds
ratho far major vs. minor surgery is 3.62),

RESPIRATORY COMPLICATIONS
HYPOXIA

The common causes of hypoxemin seen in
perioperutive period are:

Failure to Intubate/Ventilate

Fallure 1o Intubate and not even able o ventilate
is the worst nightmare for an anesthetist. A proper
assessment of atrway and readiness to face and
handle such siruation (See Chapter 5) can prevent
this catastrophe,

Pulmonary Aspiration of Gastric Contents
Aspiration can occur any time in perioperative
period, Although It s not always possible 10
prevent aspiration however it is still considered
as preventable complication of anesthesia,
Pulmonary aspitation is one of a major cause of
dearh assoctated with anesthesia. Mortality after
aspiration is 5-70% depending on the volume and
pH of aspirnted material and tme Interval between
detection and management,

Incidence: 1 in 3,000,



Hydrodynamics of Regurgitation

Normal intragastric pressure is 5-7 em H,0 and
regurgitation is prevented by the tone of lower
esophageal sphincrer (LES).

A pressure of >20 cm H O is required 1o
overcome the competency of LES (below 20 ¢m
H,0 increase in intragasiric pressure refloxly
increases the tone of LES) which can lead to
regurgitation but in conditions like pregnancy,
hintus hernia which distorts the anatomy of LES,
a pressure > 15 em HLO can cause regurgitation
of gastrlc contents. During anesthesia tone of
ericopharyngeal sphincter is also decreased which
can lead to asplration.

Predisposing factors
L Full stomach: 1t s single most important factor

2. Depressed level of consclousness.
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 compresses the
stomach leading to distortion of gastro-
esaphageal angle making LES 10 become
Incompetent.

* Abdominal umors, abdominal obesity,
ascites, laparoscopy —increase intra-
ahdominal pressure distorts gastro-
esophageal angle.

¢ Hiatus hernia—LES is impaired in Hiotus
bermnia patient

¢ Presence of nasogastric (Ryle’s) tube

Byle's twibe increases the chances of aspiration
because of the following reasons:

I, Presence of Ryle's wube decreases the wone
of lower esophageal sphincter (which is
the main protective mechanism).

i Presence of Ryle's tabe in pharynx
stisnubates vomiting.

iii, Tt is impossible to completely evacuate
the stomach with Ryles tube

4 Drugs

Atropine; Glycopyrimlate
Opioids

Ihiopentone

Sodium ninoprusside
Dopaming

Halothane

Ganglion biockers

5. Conditions delaying gastric emptying
Mabetes

.

*  Hypothyroidism

*  Narcotics

* Fain

¢ Anxiety

*  Anticholinergics,
Risk Factors

o Volwme > 25 ml, is the most important risk
Sfactor
o pH«25
*  Solid particles
Therefore acidic solid particles in large
quantity (> 25 mL) will produce the most fulmi-
nant reaction,

Signs and Symptoms

* Tachypnea, cough due 1o laryngospasm/
bronchospasim (in conscious patient)

o Tachycardia

»  Wheezing and cropitations.

o Cyunosis/hypoxia: During general anesthesia
aspiration is usually diagnosed by persistent
hypoxia.

*  Xeray chest shows infilirutes.

Pathology

Chemical truuma 10 bronchlal and alveolar
mucosa and injury 10 vascular endothelivm
can caouse exudative poeumonitis or pulmonary
exlema (ARDS).

Segments of Lungs Involved in Aspiration
Sew Chgrter 1, page na 1.

Management

Prevention

s Keep the patient nil orally as per recom-
mendations.

« Inhibition of gastric acid secretion by H.
antagonists Hke raniidine, famotidine night
before surgery in patients who are at high nsk
of aspiration,

*  Merovlopramide: It Fastons gastric emprying
and increases the tone of LES,

*  Neutralization ol gastric content (o Increase
the p) by antacids like sodium citrate,
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Anesthetic management
¢  PFull stomach or other high risk cases of
aspiration posted for emergency surgery
should be managed In the following way to
prevent aspiration:
All high risk patients for aspiration
must be premedicated with metoclho-
pramide and ranitidine and/or sodium
cirte.
Reglonal ancsthesia is preferred over
generil unesthesta,
If there is slightest doubt of difficult
intubation and situation permits (nal
life threatening emergency) then awnke
intubation with topical analgesia of
upper airways ks highly recommended
If general anesthesia is to be given, rigpid
sequenice induction technique must be
ermploved in the followlng manner:

Preogygenation with 100% oxygen for
J3-4 minutes is mandatory (In case of emergency
4 deep breaths with 100% O, can be used as an
alternative (o preoxygenation L.

After preoxygenation induction is accom-
plished with ketamine or thiopentone,
Theoretically ketamine Is preferred because it
maximally preserves pharyngeal and laryngeal
reflexes but because of its side effects it is hardly
used, Propofol maximally inhibit upper alrway
reflexes therelare not an oprimal selection in
patients vulnerable for aspiration. Succinylcholine
(suxamethonium) is given immediately after the
inductlon agent [if suxamethonium ks absolutely
contraindicated then rocuronium can be used
as an aliemmative agent]. Succinylcholine and
ketamine do Increase the intragastric pressure but
not above criteal {20 ¢m HO) therefore can be
safely used,

As s00n as the patient becomes unconscious
the assistant applies the backward and downward
pressure of 3040 Newtons {which Is equivalent to
8-9 pounds) on cricold cartlage (called as Sellfek’s
manerer) which compresses esophagus between
assistant finger and vertebral column preventing
aspiration as well as air leak Into esophagus,
Although the elficacy of ceicoid pressure has been
doubted by number of dinicians however its use s
stlll recommended strongly.

Venrilation with bag and mask (s absalutely
contraindicated because mask ventilation will lead

to air leak into stomach 10 achieve intragastric
pressure above critical (> 20 cm H,0),

Since ventilation with mask is contraindicated
therefore intubation should be done at the
earlest,

Cricoid pressure should be released only once
culf is inflazed and the position of endotracheal
tube is confirmed.

Modified rapid sequence induction: It is the
technique in which gentle positive pressure
ventilation (inspiratory pressure <20 cm H,0) with
mask Is given along with the criceid pressure. Itis
regquired in the situations where delayed Intuba-
tlon can put the patient at the cisk of hypoxemia.

Treatment of asplration

o Immediately tumn the patent to one side with
head low position,

¢ Do suction 1o prevent further aspiration.
Tracheal suction may be sulficient in mild
cases,

*  Oxygen and continuous positive airway
pressure (CPAP) in consclous patient till the
patient is maintaining the oxygen saturation.
If saturarion s not maintained on CPAP then
patient is put on mechankeal ventilation.

« Antibiotics, bronchodilators, sterolds
(doubtiul and empirical role only).

Decrease Inspired Concentration (FiO,)
Decrease delivery of oxygen may be due (o
exhausted stores, leaks in central supply pipelines,
muachine and circult, disconnections and
mulpositioned tibes, Use of oxygen analyzers
(showing final delivered concentration of oxygen
1o parient) can prevent hypoxia due to decreased
FiO_ In facy, use of oxygen analyzers is mandatory
us per ASA task force gusdelines.

Hypoventilation

Causes

The usual canse of hypoventilation in intraopesa-
tive period is inappropriate ventilatory setting or
kraks in machine and circuit while in postopesa-
tive period the usual cause of hypoventilation s
the resighual effect of anesthetic agents or muscle
relaxants (inadequate reversal). Pain and splints
in thoracic and upper abdominal surgeties can
cause significant hypoventikation
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Ventilation Perfusion (V/Q) Mismatch

Ventilation perfusion abnormalities muy occur
because of atelectasis, pulmonary edema,
poeumothorax or pulmonary embolism. Atelec
tasis is the most comme postoperative pulbmonary
complication, The most common cause of
utelectasis Is the secretions. V/Q mismaurch
caused by atelectasts is the most common cause of
postoperative lypoxia.

Early mobilization ol the patient, physio-
therapy, incontive spirometry, and positive pirway
pressure by facemask are the effectlve strategies in
treating atelectasis,

Upper Airway Obstruction
Ihis may ocour at inductlon or in postopecarive
period,

Couses

o Tangue fall: This is due 10 abolition of tone of
genioglossus muscle during anesthesia,
Treatment

Jow is lifted upwards and forwards and
head is extended.

Oropharyngeal (Gudel)/nasopharyngeal
lrwivs

Intubation.

o Secretions: Blood, mucous can ireltte larynx
producing faryngaspasm (glottic closure) and
desaturation, Secretions are the wmass common
canse of larymgpospasm in anesthesia,
Treatnent

Remove the secretions by suction,

< 1IPPV with bag andd mask may relieve the
laryngospesm In signiticant number of
Cases,
If not relleved with bag and mask
ventilation, a small doses of succinyl-
choline (25-50 mg IV) should be given.
Intravenous Xylocand shoukd be given 1o
prevent further lunymgospasm,

s Kinking or blocknge of endotrachea! tube by
secretions,

Treateient: Retove secretions through suction
or change the tube

Bronchospasm
Light anesthesia (particularly in asthmatics),
secretions and noxious stimull can Induce

bronchospasm,

Treatment
o Good depth of anesthesia,
o Bronchoditators.

Light anesthesia during Lord’s {anal)
stretching and cervical dilatation can Initiate
parasympathetic aver activity causing laryngo-
spasm, bronchospasm, bradycardia und even
cardiac arrest. This reflex s called as Brewer
Lockhart reflex,

Pulmonary Edema

The causes of pulmonary edema in perioporative
period may be cardiac fallure, fluld overload
(particularly in pediatric patienis), transfusion
related. aspiration, sepsis or aegative pressure
pulmanary edema due to upper winuy obstruction
(particularly lnryngosgxesm ).

The management of pulmonary edema
includes continuing mechanical ventilation,
diuretics, steroids, opioids, antibioticy and the
treatinent of the cause,

Pulmonary Embolism

Usually present in second week but can peesent
with sudden onset from 2nd 10 41 postoperative
day.

Signs and Symptoms

*  Dyspnea, substernal discomlort/chest
pain, pleural pain, hemoptysis, chycardis,
Increased CVE, hypotension, and Gallop
rhythm.
Xerary chest may show linear sbadow, effusion
or nligasemia I embolos is large.
HOG shinws findings of right ventricular straln.

o Massive embolus may present us cardlace
st

Treatment

«  Prevention of deep vein thrombeosis (DVT) by;
Early ambulation.
Preumatic compression of calf muscles
Leg movesnents in bed,
Low dose heparin,
*  For small emboluy, anticoagulunt may be
sufficient,
¢ For lurge embolus, strepokinase therapy
should be instituted.
*  For massive embolus, resuscltation followed
by surgical embaolectomy mary be considered.




Pneumothorax

This Is a dangerous complication requiting
immedinte treatment. 11 is usually due to surgical
couses like rib resection, renal surgery however
can oceur after supraclavicular block.

Other Causes

Other rare causes of hypoxemia seen in perlopera-
tive period may be carbon monoxide polsoning
(desiccared soda lime with desflusane), methemo-
globinemia (Nitroglycerine Infusion), cyanide
polsoning (Sodium nitroeprusside infusion],
diffuston hyposia (nitrous oxide) and shock,

HYPERCARBIA

Causes

Hypoventilation

Increased airway resistance (bronchospasm ).
Exhausted sodalime.

Increased production like in malignant
hyperthermia and thyrotoxicosls.

Treatment
Rectily 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 postoper-
tive hypertension and lachycardia are more
respansibile for unplanned ICU admission and
carrivs Righer muorbidity and mortality than

hypotension and bradycardia.

Causes of hypertension:

In Intraoperative period the usual causes are:
* Light anesthesia,

*  Responst o laryngoscopy and Intubazion,
*  Hypercapnia.

= Drugs like ketamine.

*  Undiagnosed pheochromocytomis

In postoperative period the usual causes are:
* Pain.

«  Hypercapnin.

o Full bladder.
*  Emergence delidunm
CARDIAC ARRHYTHMIAS

Although, any arrhythmia ranging from sinus
arrest to ventricular fibrillation may occur
in perioperative period however the most
coniman arriythmia seen i pertoperative period
s tachycardia. The most commen cuuse of
tachycardia in inraoperative petiod is inadequate
depth of anesthesia and in postoperative period is
pasin and anxiety.

Treatment

Increasing the depth or reating the pain should
settle the tachyeardin. If not (or is due to other
cause) then it should be treated with esmolof,
If esmolol is not available then labetalol is used.
Other drugs which can be used are metoprolol,
propranolol (usually avoided because itis not betal
selective and can have S/E like bronchospasm
however is recommended for specific cases),
verapamil {(can cause hypotension and conduetion
block with inbalationu! agents but these concerns
nre anly theoretical ).

HYPOTENSION

The most common cause of hypatension in
perioperative period is intravascular volume
depletion which could be because of escessive
blood and Nuid loss (particularly in major GI
surgeries) or inadequate volume replacement.
Oher canses may be (but not limited to) third
space (extravascular) fMluid transfer occurs as
A respanse to surgery and anesthesia, effect of
anesthetic drugs (majority of anesthetic agents are
vasodilators), anesthetic echnigues {spinal and
epidural), cardiac event/arhythmisy transfusion
reaction and sepsis or anaphylactic resctions.

Prevention

*  Surgeon to achieve adequate hemostasis

¢ Controlled hypotension: Controlled hypo-
tension is the technique of deliberately
reducing the blood pressire to decrease intra-
operative bleeding, Controlled hypotension
is usually employed for the surgeries where
oxcessive blood loss is expected or when
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blaod is not available or cannot be given due

to religious reasons like jehiovah’s convention.
Definitlon; In a persan with normul blood
pressure no organ dysfuncton occurs
Il blood pressure is maintained within
the limits of autoregulation, Le. If mean
arterial pressure is maintained between
M-65 mm Hg, Therefore, for a patient
with normal BP controlled hypotension
mecans 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
hypotension Is to reduce the blood
pressure by ane-third of preoperative
value, Continuous measurement of BF by
invasive BP monitoring is mandatory.
Technigues: Although agents used in GA
(inhalational agents, propofol, opiokds),
technique, §e, positive pressure ventila:
tion (by decreasing the venous return)
or spinal/epidural causes hypotension
however up o a certain limits. Therefore,
to produce controlled hypotersion short
acting msodiiator especially nitraglycerin
as continuous tnfusion iz the most
commonly used to produce controlied
Frypatension, The concern 1o produce
methemogiobhinemia by nitroglycerine
is very rare und can be treated with
methylene blue, Sodium nitroprusside
(SNF) used Lo past in not preferred now
a days due 1o the possibility of cyanide
toxicity.
Others agents which can be used to
produce controlled hypotension are
a-blockers, -blockers (however o «
P-blocker, Le. labetalol (s most pre-
Jerred now a day), calclum channel
blockers (nleardipine, clevidipine] and
Dexmedetomidime

Contraindications: Patients sulfering from cere:
brovascular disease, coronary artery disease,
and severe anemia may not be able to tolerate
hypotension,

Risks: Usually if BP s maintained within the Hmit
of autoregulation there should not be any organ
ischemia however controlled hypotension can

produce devastating complicadons like myocardial
Ischemia, cerebral Infurcy, cord ischemia leading
to paraplegia, hepatic and renal necrosis or even
blindness. In fuct, doe to the possibility of these
complications many anesthesiologists avoid
controlled hypotension as far as possible,

Treatment
o Adequate Muid infusion,

e Vasopressors and inotropes,
«  Treatment of the cause,

MYOCARDIAL ISCHEMIA

Surgery and anesthesia are stresstul conditions
which can precipitare M1 In susceptible indi-
viduals. The Lifetime risk of re-infarction in o
knosn patient of MI is 6%,

Treatment includes oxygen, morphine, nitro-
glycerine, inotopes, thrombolytic therapy and
Intra-aortic balloon counterpulsations.

CARDIAC ARREST

Mawe than 80% of cardiec arrest ocowrs at the tine
of induction, The common cuuses of cardiac arrest
are inability 1o ventilaze, side effects of anesthetic
agents lke severe hypotension with inhalational
agents or bradycardia proceeding o asystole after
succinylcholine and anaphylaxis.

NEUROLOGICAL COMPLICATIONS
CONVULSIONS

May accur due to:

e Hypoxia.

o Drugs like local anesthetics, methohexitane,
enflurane, sevofiueane and atracurium/
clsatracurium

*  Cerchrovascular acodents.

Treatment
Maintain alrway and anticonsulsiants.

DELAYED RECOVERY

Delayed recovery |which means patient not
regaining consciousness within 30-60 minutes
after discontinuing anesthesia) & the most
commare CNS complication and 15 usually due to
the residunl effect of anesthetic agents. Most often



the patient recovers spontaneously bowever il the
patient does not exhibic the signs of recovery afier
conslderable time he/she should be investigated
for other couses of delayed recovery like
clectrolyte imbalance, acid base abnormalities,
metabolic abnormalities like hypoglycemia or
cerebrovascular nccident.

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 benzodinzepines
(produce anterograde amnesla),

* Inhalational agents (all inhalatlonal agents
are very good amnestic agents except nitrous
oxide)

Therefore awareness usually occurs when
oxygen, nitrous oxide and opiolds are used for
maintenance of anesthesia,

AGITATION, DELIRIUM AND
EMERGENCE EXCITEMENT

The common causes of aglitation are pain and
full bladder. Emergence excitement is o transient
confusional state usually seen (n children it the
emengence from general anesthesia, It should not
be confused with Dellrium which is ofien because
of the side effect of drugs fike ketamine

Treatment

o Treat the caase.
o Midizolam.

POSTOPERATIVE COGNITIVE
DYSFUNCTION

The incidence of postoperative cognitive
dysfunction (POCD]) at 1 year after cardlac surgery
5 20% to 40% and 4-10% afier noncardiac sargery,
It is more common in old age. The possible causes
may be cerebral microemboli (atheroma, far,
platelet aggregates, and air), brain cell damago
caused by toxdc substances (Like general anesthesia
drugs) or hypaxia or surgery-induced release of
hormeones und inflammatory medintos.

PERMANENT BRAIN DAMAGE

Pue 1o prolonged hypoxia lollowing cardlac
arrest, prolonged hypotension, cerebrovascular
nccidents. mised ICT.

CRANIAL NERVE PALSIES
If trielene s used with cosed cireuit

EXTRAPYRAMIDAL SIDE EFFECTS

Seen with nearoleptanalgesia (droperidol
fentanyl),

PERIPHERAL NEUROPATHIES

Although the overall incldence of neuropathies
Is less (<1%) but they represent the 2nd most
conumon cause of claims as per American Soclery
of Anesthesiologists {ASA) Closed Claims studies,
As per the recent close claim studies Brachial
plexus injurles are the most commaon postoperaliog
nerve injury associated with general anesthesia
followed by ulnar nerve. However after regional
anesthesia lumbosacral nerve roots are most
commonly involued nerves followed by spinal
coed injury. When combined (GA+RA) spinal cord
injury Ivcomes the most comnone injury followed
by brachial plexus.

Causes
»  Faulty position leading to compression of
necve

»  Direct Injection of drug In nerves during
blocks

*  Prolonged hypotension leading lo nerve
Ischemia

*  Direct neurptoxicity of local anesthetics

o Tourniquet palsies: Pressure in tourniguet
should not exceed more than 100 mm Hg above
systolic pressure (maxtmum 250 mm Hg) and
duration as per current recommendations
should sot eaceed more than 2 hours for both
upper and lower Hmb,

GASTROINTESTINAL COMPLICATIONS

POSTOPERATIVE NAUSEA AND
VOMITING

The incidence of postoperative nausea and
vomiting (PONVY) is 20% to 30% making it as the
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second most common complain after pain In
postoperative period.

Risk Factors

o Femuale gender: Three times mote vulnerble
than males

o General ancsthesia; Patent given GA has 4
tmes more incidence of PONV than patients
who received reglonal unesthesin. The most
common reason may be oploids.

o Ty of the surgery. Surgeries like middle
ear surgeries, strabismus surgery, laparo-
scoples and adenotonsillectomies can
have Incldence of nauses, vomiting as high
as J0-10%,

o Young age: The incidence of PONV is much
higher in adults as companed to old age

¢ Nonsmokers: For unknown reasons non-
smokers are 1.8 times more vulnerable than
smokers to liave PONY.

Treatment

o Serotonin antagonists (Ondansetron, grisni-
setron | remains the drogs of choice for treatenont
as well ax propiylaxis for PONV. Interestingly
all are equally effective at equipotent doses.

o Metoclopramide: it (s the preferred antiemelic
for the conditions associated with high
incidence of aspiration.

o Dexamethasone: Dexamethasone s long
acting and studies suggest irs efficacy similar
to ondansetron

o Aprepitant: It Is 4 neurokinin receptor
untagonists. It is very effective antiemetic
however its cost restriers its use,

o Iransdermal scopolamine: Useful for pre-
venting nausea and vomiting In high risk
patients ifapplied a night befoce or early in the
morning on the day of surgery,

¢ Droperidol: The serlous side effect, Lo, Q1
prolongation which can precipitate torsade
potntes has not only lead to withdrawal of this
drug from use but also has put Droperidol in
black box warning by FDA.

Usually ong antiemetic is sufficlent to treat
PONV, howvesr if patient {5 not responding then
as a rule antiemetic from another class showld be
chosen.

RENAL COMPLICATIONS

R;-ml t;ncnon may be impaired due o hyporensson
or nephrotoxic anesthetics ke methoxyflurane,

HEPATIC COMPLICATIONS

Hepatic functions may be impsired due o
hypotension or hepatotoxic anesthetics like
halothane.

PAIN

As per the recont close clatm studies pain is the
mast comman complication Is poastoperntive
period. Far detaiis of postoperative pain manage-
menit see Chapier 39, page no. 270,

WAL VERTUNBATIONS .

HYPOTHERMIA AND SHIVERING

Hypothermin 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
w0 hypothermia. O, consumption may Incresse 1o
4 times (400%) (100 10 600% depending on heat
loss during surgery] during shivering. Therelore,
oxygen supplementation during shivering (s
mandatory.

Shivering can be abolished by inhibition of
hypothalamus. Most commonly shivering is seen
after halothane.

Treatment of Shivering

*  Pethidine &5 the drug of chelce.

o Tramadol is 2nd drug of choice after pethidine
Other drugs which can be also be used are

alpba 2 agonist {clonidine, dexmedetomidine),

butorphasol, chlorpromazine. physostigmine,

magnesiom sulfate, ketonserin and propofol.

HYPERTHERMIA

Causes of Hyperthermia in Anesthesia
*  Hypermetaholic states like thyrotoxicosis and
pheochromocytoma.



*  Neuroleptic malignant syndrome due to
phenothiazines.

*  Drug Induced Hke atropine, pethidine, MAQ
inhibitors, tricyclie antdepressants and
amphietamines,

*  Injury to hypothalamic temperature regulatory
centers,

»  Malignant hyperthermin (MH).

MALIGNANT HYPERTHERMIA

Malignant hyperthermia (MH) is the clinical
syndrome associated with high mortality
{4%), seen during general anesthesta in which
there is rapid rise in wemperature, as high as
1"C/5 min,

Etiology

1tis due to nbnormality of type ! Ryanodine recepror
(RYR1) which is calcium releasing channel of
sarcoplasmic reticulum. The aboormality leads w
excessive accumulation of calcium in sarcoplasmic
retinaculum which causes sustained contraction
of muscle. It is a genetic disease usually sutosomal
dominant but can be recessive also.

Associated risk factors:

¢ Conditions like Duchenne muscle dystroply,
arthrogryposis multiplex congenita, osteo-
genesis tmperfecta, congenital strabismus,
central core diseases,

¢ Patient with history of nevroleptic malignant
syndrome are susceptible of M (but not vice
versi)

» Children are more prone as compared 10
adults

o Positive family history of malignant hyper.
thermia

o Patients who develop masseter spasm after
succinylcholine are more prone to develop
malignant hyperthermia. Although the
correlation is not absolute but has strong
association therefore these patients must
be observed carefully for signs of malignant
hyperthermia.

Incidence
1 in 15,000 for pediawic and | in 40,000 for adales
patients glven GA with volatile anesthetics and

succinyicholing. It is more common in males as
compared to females.

Causative Agents
Muscle relaxant: Succlnylcholine (s the most
cormonty implicated deug.

Inhalational agents:
»  Halothane is the most commaonly implicaled
inhalational agent. Others are:
Isoflurane
Enflurane
Desflurane
Sevoflurane
Methoxyflurane
Cyclopropane
Ether

Other drugs (probabie triggering agents):

o Tricyclic antidepressants, Monoamine oxidase
(MAQ) inhibitors and phenothlazines.

« Lignocaine, which used to be considered
as weak triggering agent, Is now a days not
considered as triggering agent

o Exerclse, heat-stroke, excessive excltement
and statins as potential triggers for malignant
hyperthermia episode continues 1w be
debated Malignant hyperthermia induced
by these factors is called as non-anesthetic or
awake maligmant Iyyperthermie.

Clinical Features

Due to Increase muscle metabolism and activity

o Hyperthermia (temperature may rise to more
than 109°F), Hyperthermiais themastimportant
sign in diagnosing MH but unfortunately it
is a late sign, The heat production is due to
Increased muscle metabolism (both aerobic
and anacrobic), glycolysis and hydrolysis
of high energy phosphates lnvolved in the
process of contraction-relaxaton.

* Increased end ddal CO, (ETCO.): This may
rise to more than 100 mun Hy (normal 32-
42 mim Hg). Rapid increase in end tidal €O,
(s the mast sensitlve varly slgn of malignant
hyperihermia,

* Hypoxia, cyanosis and decrease in mixed
venous oxygen saturation (due to increased
Oxygen consumpeion )

Severe metabolic acidosis (pH <7.0).
Masseter spasm

Hyperkalemia, muscle cigidity, increased cre-
atinine phosphokinase, increased myoglobin,
myvoglobinusia




«  Renal faillure, DIC, pulmonary and cerebral
edemi.

o Death: Hyperkalemia induced ventricular
Sibeillation is the most common cawse of death
in maltgrant hyperthermia.

Due to sympathetic stimulation
¢  Tachycardia, hypertension, cardiac arrhy-
thmias.

Treatment

Specific: Dantrolene, 2 mg/kg 1o be repeated every
5 minutes 1o a maximum of 10 mg/kg Dantrolene
should be continued 1 mg/kg every 6 hourly for
next 24 hours as chances of recurrence s 5%,
Dantrolene directly binds 1o ryanodine receptor
inhibiting calcium release,

Gcnenl measures:
Stop the riggering anesthetie (Inhalagional
agent) lmmediately and change the circuit as
some restdual agent may be present fn chroult
*  Hyperventilution with 100% oxygen to wash
out CO.
*  Control temperarure by
- lee cooling,
loe cold saline.
Correct achdosis
Becavse ventricular fibrillation Is the most
common cause of death therefore correction
of hyporkalemta should be done on priority.
*  Myoglobin by blocking renal tubules may
cause renal lailure therefore maintain urine

outpul from the beginning.

Screening/Evaluation of
Suspected Individuals

The patients who have assoclated risk factors
(described above) should be evaluated by the
following protocol:

All kigh risk patients [(particularly with
history of malignant hyperthermia in close
redative) must undergn Wood creatinine kinase
(CK) leswls. Patdents with elevated CK levels In
normal resting conditions should be managed
as susceptible and do not require further
testing.

Patients with normal CK kevels should undergo
miuscle contracture fest, 1n this test 4 muscle blopsy
is taken und subjected to Halothane and caffeine

to see the pathological changes of malignant
hyperthermia If muscle biopsy studies are pegative
then only the patient can be considered non-
susceptible. Muscle contracture test is considered
as yold standard tes! for diagrosing suscepribility
to meadignant hyperthermia.

Anesthesia for Patients Susceptible for

Malignant Hyperthermia

¢ Local of regional anesthesia is preferred over
general anesthesia,

o Safe drugs for general anesthesiax are
barhiturates, propofol (propofol can delay or
prevent malignant hyperthermia). narcotics,
benzodiazepines, nitrous oxide, ron-
depolarizing muscle relaxants (can delay or
prevent malignant hyperthermia)

*  Mild hypothermia is beneficial

«  Must be kept in recavery 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

«  Neuroleps malignant syndrome (NMS)

The imporiant differentiating features aro!

History of intake of antdopaminergic
drugs (like phenothinzines or meto-
clopramide) or missing the intake of
levadopa in Parkinson patient
Rize in CO, and muscle rigidity are slow
and in proportion to rise (n wmperature.
(While in MH, €0, rise Is disproportio-
nate and very rapid)
As nevromuscular junction is normal,
muscle rigidity can be reversed with
nandepolarizing muscle relaxants
while in malignant hyperthermia due to
abnormality ot neuromuscatar junction it
is not passible 10 reverse muscle rigidity
by nondepolarizers.

o Thyrotoxicosts: Other than history of hyper
thyroldism and proportionate rise in €O,
hypokalemia is the most important distin-
guishing feature.

«  Other differential diagnoses are pheochro-
mocvtorna, sepsis or drug Induced hyper-
thermia,




o._ AN e -
..-ll‘.l’-.. b - S 0

ANAPHYLACTIC/ANAPHYLACTOID
REACTIONS

Incidence: | in 10,00},

Anaphylactic reaction can occur with any
of the drug used in perioperative period except
{nhalational agonts.

e most common cause of anaphylaxis (s
muscle relaxants (60-70%) followed by latex
allergy (12%) and then andblotcs (8-10%). Among
musclo relaxants, maximum incidence Is with
rocuronium 1 be followed by susamethoniun,

During anesthesia cardiovascular signs
{tachycardia, hypotension) and cutaneous (rash,
angioedemal are more important than resplratory
manifestations (larvngospasm, bronchospasen) in
the dingnosis of anaphyfactic reactions.

Treatment
« Maintenance of atrway (I laryngeal edema or
bronchospasm develops ).

*  Adrenalineis the muinstay of treatment.
Doses: 0.5-1 mg of 1 1000 inramuscalarly
or subcutaneously (less preferred due
to poor shsorption). In lfe-threatening
situations, 1:10,000 adrenaline can be given
by intrsvenous route in doses of 1| microgram/
kg to a moaximum of 1 mg (usually 50-100
mcg for adult). If IV route is not accessible
than it can be given through intra-tracheal or
Intraosseous route,

¢ Steroids (hydrocortisone ).

o Histamine antagonist like diphenhydramine.

COMPLICATIONS OF DIFFERENT
POSITIONS

LITHOTOMY

*  Functional residual capacity and vital capacity
docreases by approx. 200 Increasing the V/Q
mismatch.

¢ Nerve injurles:

- Common peroneal nerve (compressed
between head of fibula and bar)—
Comman peroneal neuropathy is the most
cammon nesropathy of the lower limb
Saphenous nerve {pressure over medinl
condyle)

Femoral nerve (Due to angulation of
thigh)
Obturator nerve

o Muscle injury:
Compartment syndrome (due to extreme
tightening of straps ).

¢ Increased cardiac load due o Increased

VENOUS returmn,

TRENDELENBURG

¢ Increased central venous pressure and
Increased cardiac load due 1o Increased
VENOUS 1etuen,

¢ Decressed vital capacity and funetion residual
capacity (FRC) by 15-20%,

¢ Increased Intraocular and Intracranial
pressure, venous cangestion of face and
cerebral hemorrhage due 1o decrease venous

return from head and peck area,
¢  Lingual and buccal neuropathy.
SITTING

«  Spinul cord ischemis and quadriplegia can
oceur due to extreme flexion of neck.

¢ Bmchial plexus injury: Weight of arm during
general anesthesia can swretch the brachial
plexus,

¢ Femoral and obturator nerve injury due to
extreme angulation ot thigls,

¢« Venous alt embolism (for details see Chapter
27, page nu. 226),

LATERAL AND PRONE

«  Translent Horner syndrome.

¢ Hrachual plexus injury.

¢  Compartment ssndrome of hand,

«  Spinal cord ischemia (due to extreme flexion
of neck).

*  Nreast injury,

¢ Genialia injury.

*  Radial and ulnar nerve injuries,
*  Ischemic optic neuropathy,

Exposure keratits (Comeal abrasion ) 1S a common
complication of general anesthesia if eves
remain open (because of loss of blinking reflex).
To provent keratltls artficial tears/eye ointment
should be instilled and eyes should be covered

with eye pads.
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Ischemic optic neuropathy (due to severe

hvpotension 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),

ignition source: The ignition source may be
Cautery—Responsible for 68% of fires.
Laser—Apother important source for
fires,
Electric sparks and short circuiss,
Muximum leakage allowed in operation
theater is 10 pA. These may occur through
plugs, monitors, suction machines, etc.

- Statle electricity: This can be a cause of
fire hazard in anesthesis. Static current
is produced when two dissimilar surfaces
come In contact and get separated, so
walking, movement ol machine and
trolleys can produce static current. Gay
flow {especially cxygen) through circuits
and machine can generate static current
and If there |s short clrcuit explosions
cun occur. Nylon and woolen clothing of
patient can produce static current,

Other saurces like fiberoptic Hluminators,
defibrillators, ete.

2. Furel: Anything which catches fire like

endotracheal tubes, laryngeal alrway,
antiseptic solutions, etc. Silicane is most
resistant 1o fire followed by PVC while red
rubbes tubes are most vilnerable to catch fire.
Oxidizer: Both oxygen and nitrous oxide
suppurt combustion.

The fire and explosion can take very bad

shape il an inflammable agent like Ether and
Cyclapropane is used. Although these agents are
no more used however if used then cautery should
be avoided and if that is not pessible then castery
should De uf least 25 cm away [rom the sgent.

PRECAUTIONS TO PREVENT
FIRE AND BURNS

Farthing (grounding): Proper grounding of all
electrical equipment is mandatory.

Electric wiring of Operation Theater should
be Jeak proof.
Use of solation ransformers,
Grounding (patient plate) of diathermy: Proper
use of diathermy plate Is must o prevent
burns to patient. It should be applied over
large muscle mass (like gluteus muscle), as
near as to surgleal site and away from ECG
electrodes. It should not be applied over bony
prominences, scar tssue or metal prosthesis
and do not reuse the pad.
Prefer bipokar cautery wherever possible
Precawtions during laser surgery:
Use laser resistant tubes or apply
protective covering like aluminum or
copper tapes over tubes
Fill the cuffl of endotracheal ube with
water instead of alr and use¢ minlmum
concentration of axygen
Everyone In OT should wear protective
eve shield during laser surgery.
Mensures to decrease statle current:
Conductive ooring,
Every person in theater should wear
rubber soled shoes.
Tyres of anesthesia machines, wolleys,
OT tables should be made up of antistatic
rubber.

- Breathing clrcults, face mash (can cause
facial burns) should be made up of
antistarie rubber (which Is made antistatic
by addition of carbon),

Silk, nylon and woolen clothing of patient
15 not permitied in OT.

Humidity should be more than 504% | static
current Is generated more in dry air).
Smoking, lighters should not be allowed in and

around operation theater.
Owver heating of bulhs, endoscopes should not
be allowed.

OCCUPATIONAL HAZARDS
The sdditional occupations] hazardy 1o anesthe-
tists are—

Higher risk of exposure to anesthotic agents
Increase chances ol acquiring infectious
diseases like HIV, hepatitis B and C

Mare vulnerability 10 substance abuse (due
to easy availability, work stress and more

e Comphat d}i"‘”ll""l"i"



adventurous natute)—Drug related death  are many recavery scores but the most popular are
odds ratio of anesthetists as compared to  ALDRETE score (which includes color, resplration,
phwsicians is 287, consciousness leved, circalation and activity level)

and postanesthesia discharge scoring system

DISCHARGE CRITERIA FROM (PADS),
POSTANESTHESIA CARE UNIT

The criterla vary depending whether pactent is
discharged 1o 1CU, ward or home, Although there

KEY POINTS

Maximum compications e reportad In MaMesance perod however Mo than BIN o C3r3ac amest octurs
at the firne of induction

POStOpArative reapniratoty defvensnn has basn cltsd #5 e most common cause of anesthess ralstea desth In
peroporasive pedod. _

Deathy ls the leading couse of clgirny as per American Socety of Anesthesiclogists (ASAJ clakm studles
Aspiration & consdered as praventabls complcation of anestheda,

Full stomach is the single meat Impantant predisoasing factor for sspination,

RArid sequence INGuction lechnigie mist be emphoyed for Qhing GA 10 the patierts who S at high s of
aspiration.

Alelectats i3 the most comman postapetative puimonary complication and the most common ceuse of
atelectaw is sxiretons.

Use of Grygen snalyzers 4 mandatony as per ASA tagk fooce quidelines

SEcrerion is the mast Common cause of laryngoinasm in anesthéasa.

Postopeative hyperension snd tachycerdla am more responsbie for unpanned 10U sdmission and camas
higher martidiity and mertalty than Mypotersion and Sradhycerdis

Tachycasia i the most COMMen antythna e [n peranarative paiod.

The most comeen cause of hypatension i penop2RIMe periad is miravascular volume depletion.
Nitroglycesin as continuous infusian is the mast commonly wusea agert to produce contralled hypotensian,
Anpsthatic drogs which can calse cowiison ae—Local anestnetics. methohesitone, enfiurang, sevoflurane
00 Mracuslurveisatracurium

Delayed recovery is the mast common CNS compicaton

Beachial plgwis injunies a%e the Mosl cammon postopefative necve injuly associated with aececal angsthesia
followed by Ulnar nerve However after repional anesthesia lUMDO3ELIAl RErve 00T are Most cammanly
Itrvohed neryes

Ondansetoniyanseon emain the drugs of choice &y testment a3 well 35 prophylass for postopecative
Fain i the enost comman complcation Iy pestopesative pericd

Hypatharmia is tha most comman tharmal periurbation sean in esthasia.

Succinylcholine 1s the most comemonly Implicated drug while halathane /s the mas: commonly imalicated
Inhalstional agent for causing malicnang hyperthermie.

Hypedkaiamia inducea venmiciudar Horlason & the most commen cause of 0aath in malgnant nyparthanma,
Prapofol and non depolasizing muncie relxants can delty of provent malignant hypertheemia

Muscle relaxants are he miost comnon cause of anapiniass Sllowed by atex slergy.

Cautery & responsble foc 8% of fires wen n (17
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Local Anesthetics

Frst local anesthetic (LA) used in clinical practice
was cocaine by Carl Koller for anesthetizing the
cormea.

CLASSIFICATION

Local anesthetics are classificd on the basis of
chemical structure and durastion of action.

Based on Chemical Structure

(hemically 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,

+ Benzocaine « Bupivacaine

« Cocamne - Endoecame

+ Esters are metabolized  + Amides are metabokzed
by pseudocholinesterase  primarily in fiver
(emcape cotalne which is
metabolized in liver)

+ Hgh incigence of + Low incdence of allergic
allergic mactions dus 1o reactions
para amencbenzoic scid.

+ Solutions are not stable  + Solutions are 5o stabie

by autoclaving

Based on Duration of Action

Short duration (1530 minutes)

o Chloroprocaine: Shorlest acling loval anesthetic
o Procaine

Intermedinte duration (30-90 minues )

¢ Lignocaine

*  Mepivacaine

*  Prilocaine

o  Cocaine

Long duration (2-3 hours})

»  Bupivacaine

*  Levobupivacaine

o Ropivacaine.

*  Tewacaine [Amethocaine}

« Etidocaine,

= Dibucalne: Longest acting local anexthetic,
Other Drugs with Local Anesthetic
Properties

Opioids

Pethidine: Patents hypersensitive 10 local
anesthetics cun be given pethidine in place of local
anesthetics,

Buprenorphine: Because of ity local anesthetic
properties it is frequently used to supplement the
effect of local anesthetics for nerve blocks.

Tramadol: Although weak bur tramadol do have
local anesthetie praperties.

Methaxyflurane

The droplets of methoxyflurane has got local
anesthetlc properties,
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Newer Formulations/Formulation Under
Research

+ Synera {S-Caine) is a combination of
Lignocaine and Tetracaine that has heating
element (0 enhance the onset

o Depot formudations: Depot formulations have
been synthesized 1w prolong the daration of
local anesthetics. Exparel has recently been
approved In LLS. for infiltration analgesia (but
not for nerve block). Posidur, another lipid
depot formulation is still under clinical trialy

¢ Liposomal encapsulation ol the local
anesthetics can prolong the block,

MECHANISM OF ACTION OF LOCAL
ANESTHETICS (FIG. 15.1)

Local anesthetics are deposited ull around the
nerve. Drug in undissociated (nonionized) form
penetrates the axonal membrane. Once inside it
gers dissociated (lonized). It is this dissociated
(fonlzed, protonated, cationic or uncharged) form
which binds to sodium channel (alpha subunit)
from inner side, blocking the channel, preventing
depolarization und sction potential. Although
local anesthetcs can block sodisum channel in any
state however activated channels (positive resting

@1 (Local anesthetic
0 unassociated form)

Axongl
fmaﬂmune‘1

Na'
Local anesihalic ¢— channal

n dissocisted lorm

LOCSE anesmpse n
dissocialed form blocks
sSodium chanial
fram inside

Fig, 15.1: Methanism of action of local anesthatics
® Table 15.7: Classification of rerve fibers

membrane potential) are more casily blocked as
compared to inactivated channels (zero resting
membrane potential) which in turn are muore
sensitive than resting state channel (negative
resting membrane potential).

Revent studies have proven that local anesthetics
not ondy act on sodium channels, but also Mock
potassium and calcisem channels In a manner that
hypokademia and hypercalcemis can antagonize
the effect of local anesthetics. They are alsa 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 diameter the nerve fibers are
classified as type A, B und C; A being the thickest
and C the thinnest (Table 15.1).

Two major factors which determine the
sensitivity of nerve fibers to local anesthetics are
liber dizmeter and myelination. Thin diameter
Sibers are more sensitive than thick diameter fibers.
As myelinated fibers ane covered by nerve sheath
and Jocal anesthetics need to block nodes of anvier
only therefore myelinated fibers are move sensitive
than nonmyelinated, Considering both factors
(and other also like physiological and anatomle
considerations) together it has heen seen that
small myviinated fibers (A gamma and A delta) are
the most sensitive to local anesthetic block fullowesd
by large myelinated (A alpha and A beta) and then
B (mixed, myelinated + nonmyelinated). Now-
myelinaied C fibers are most resistant o the actions
of loeal anesthetics, Therefore, it can be conchuded
that sequence of blockade is—A (Ay > A8 > Aa =
AP) > B >C. The traditional notion that thin fibers
are smost sensitive to the action of local anesthetics
does not hold triee in present day practice.




In functional terms, in peripheral nerve blocks
motor function is blocked earliest followed by
sensory and then autonomic (mofor > sensory >
autoromic). However in central neuraxial blocks
{spinal/epidural) due to anatomical variations of
mixed spinal nerve (utonomic on most outer side
and motor on most inper side) the sequence of
blockade is autononiic > sensory > motor, Secjlience
of recovery is in reverse order of Wockade.

Among sensory sensations sequence of
blockade is pain > temperature (cold before hot)
> touch > deep pressure > proprioception (except
for central nevrxial blocks where temperature is
blocked earlier than pain).

Onset of Action

Depends on number of [mctors like:

s Dose and concentration: Higher dose or higher
concentration facilitates onses.

« pRa:itis the pH at which o local anesthetic (s
50 tonized and 50% nondonized. Since Jocal
anesthetics are weak bases, agents with pKa
closer to physiologic pH will have more drugs
In nondonized form which can diffuse through
axonal membrane enhancing the onset. That is
why lignocaing with lower pKa of 7.8 has fast
onset as compared 1o bupivacaine with higher
pKaof 8.1,

s Addition of sodabicarbonate: As local
anesthetics are bases, adding sodabicarbonate
will prevent ionizatton making more drug
to be available In nonionized form to cross
the axonal membrane, On the other hand in
ischemic tissue (like abscess) acidic pH will
onize the drug, delaying the onset of action

o Iype of merve fiber: A fibers are blocked earlier
than B which are blocked earlier than C

o Frequency of nerve stimidation: Since activated
channels are blocked more easily, astimulared
necve will be blocked earlier a5 compared 10
nonstimulated nerve. This kind of block by
local anesthetios 18 called as wse-dependent
hlock.

Duration of Action

Itdepends on:

o Dose: Increased dose Increases the durution.

o Pharmacokinesic profife of dreg: it includes;
Potency (lpid solubdlity): Potency, which
correlates with lpd solubility, s directly

proportional to duration: more the
potency, tonger (s the duration with the
exception of chloroprocaine which in
splte of having Intermediate potency is
shortest acting

- Plasma proteln binding (ol acid
glycoprotein): Agents with high protein
bituling like bupivacaine have prolonged
action.
Metabolism: Tsters are metabolized by
psendocholinesterase and amides are
metabolized in liver by microsomal
enzymes therefore exters have shorter
duration of action than amides.

o Addition of vesoconstrictors: Vasoconstictors
by decreasing the systemic absorption
increases the duration of action, The most
commonly used vasoconstrictor i adrenaline
in a concentratlon of ! (n 2,00,000 (1 in 2
Lukhs). Adrenaling when added 1o Lignocaine
increases the durstion of both sensory and
motor blockade while with buplvacaine
only sensory block s prolonged. Other
vasoconstrictors which can be used are
phenylephrine (1 in 20,000), noradrenaline
and felypressin (octapressin), & synthetic
derivative of vasopressin,

o Sadium bicarbonate: Addition of sodium
bicarbonate not only enhances the onset
but also increases the duration as carbon
dioxide released from sodium bicarbomts
metabolism enters intracellularly making
the pH to become more acidic favoring more
drug to be available in ionized torm to bind
1o sodium channel. Interestingly addition of
sodium bicarbonate by unknown mechatism
decreases the pain of injection,

Systemic Absorption

It depends on:

» Site of injection: It & proportionate to the
vascularity of the siwe of Injection. Maxinum
systemic absarption has been seen after
intercasial merve block,

o Addition of vasoconstrictors: Addition of
vasoconstrictor decreases the systemic

absorpion.

Potency
Potency directly cornelates with Lipid Solubility,




Coetcentration neinimuenn (Cm ) is the minimum
concentration of local anesthetic that will block
nerve impulse conduction. It depends on number
of factors like:

»  Fiber type and myelination

o pH: Acldic pH by causing lonization increases
the Cm

*  Frequency of nerve stirmulation: As stimulated
nerve will have more activated channels
therefore will need less Co

e Blectrofyre: Hypokalemia and hypercalcemia
antagonize the block.

o Adjuvants: Adjuvants like oploids (pethidine,
buprenorphine, and tramadol) and « 2 agonist
enbances the effect of LA, Sodium channel
blocker, nensaxitoxin, as an adjuvant is under
clinical trinds.

*  Progesterone increases the suscepribility of
nerves to local anesthetics therefore doses
of local anesthetics should be decreased in

pregoancy.
Differential Block

It depends on concentration. A drug of lower
concentration will produce only sensory block
while ar higher concentration can produce motor
block.

Metabolism

Esters are muetabolized by plasma pseudo-
cholinesterase [(except cocaine which s
metabolized in liver) and amide by hepatic
microsomal enzymes (except articaine, a local
anesthetic used in dentistry, Is metaballzed in
plasosa ). Lungs can also extract significant amount
of local anesthetics like prifocaine, lignocaine and
hupivacaine. Due o poor water solubility of local
anesthetics renal excresion of unchanged drog is
only less than 5%,

SYSTEMIC EFFECTS AND TOXICITY

Toxicity is proportional to potency. Due to
diverston of Wood central nervous system (CNS)
and cardiovascular system (CVS) toxicity of local
anesthetics gets Increased In shock.

Central Nervous System

The CNS: CVS dose ratio for Bgnocaine & 157 and
for bupivacaine is 1:3 that means CNS is involved
atmuch lower doses as comparsd o CVS

As central mervous system Is the first system
invaliwd in local anesthotic taxicity theretore inltinl
signs and symptoms of local anesthetle toxichy
are relatedd 1o ONS. Typical sequence Is excitation
followed by depression of cerebral tissue( inhibitory
neurons are more sensitive than excitatory
neurons). The comman signs and symptoms
are circumoral numbness, dizziness, tongue
paresthesia. visual and suditory disturbances,
muscle twitching, tremors, convulsions ollowed by
coma and death. Convulsions as first preseatation
are quite comman In local anesthetlc oxicity,

Treatment Includes maintenance of adeguate
ventilation and oxygenation. Convulsion can
be controlled by diazepam/midazolam or
thicpentone.

Cardiovascular System

Electrophysiological effects of local anesthetics on
cardiae tissue are decrease In rate of depolarizstion
{main effect), effective refractory period and
duration of action potential

All Jocal 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 black conduction of sinus node
producing bradycardia or even sinus arrest. In
addirion 1o the above effects bupivacaine [and to
lesser effect levobupivacaine and ropivacaine) can
also produce ventricular archythmias, Therefore,
either the isolated or combined actions like
bradycardia, decreased myocardial contractility,
ventricular archythmias, hypotension can produce
cardiac arrest with local anesthetics. Management
ol cardiac arrest is immediate CPCR

At lower doses local anesthetics may act as
vasoconstrictors by directly inkibiting nitric oxide
but wt clinically wyed doses all local anesthetics
are msodilators except cocaine, levobuplvacaine
and Ropilvacaine which are vasoconstrictor at
ull doses.

Respiratory System

Lignocaine depresses hypoxic drive, Direct
depression of medullary respiratory centre can
oceur ar high dose.

Immunologic: Allergic reactions are common
with esters but rare with amides. The reaction
with amides is bocause of the preservative




(rnethy! paraben) It contalng. Cross sensitivity does
not exist between classes (Le. esters and amides)
Dz extst betuven agenrs of same class.

Methemoglobinemia: Usually ceen with
Prilocaine however benzocaine van also cause
methemogiobinentia.

Treatment: [V methylene blue.
Coagulation: Lignocaine can inhibit coagulation,

Local toxicity: When directly Injected into nerve
any local anesthetics can damage the nerve,
Howeverlocalneurotoxicity can occureven without
direct injection into nerve. The classical example
of local anesthetc Induced local neurotoxicity is
caeda equina syndrome seen with lignocaine and
fetracaine if used through small bore continuous
spinal catheters. Transient neurologic symptonms
(dysesthesia, radicular pain in fower extremities)
Is anuther example of local neurotoxiclty seen with
lignocaine and mepivacaine, However, overall
maximum local newrotoxicity has been reported

with chlvroprocaine,
*  When directly injected into muscle they are
yotuxic

o Lacal anesthetics with adrenaline can cause
necrosis and gangrene if used for ring Wock
of fingers, toes, penis or pinna because these
structires have end arteries

Combination of two local anesthetics: The use of
twi local anesthetics (5 quite common n clinical
practice (usually lignocaine for rapid onset
and bupivacaine/ ropivacaine for long duration).
The toxicity of two local anesthetics should be
considered additive, not Independent and
therefore muximum safe doses should be reduced
accordingly,

COMMERCIAL PREPARATIONS

Local anesthetics are weak bases however thelr
commerclal preparations are made acidic (pH 1o
around 6) to enhance thelr chemical stability so
they are available as hydrochloride salis. Local
anestheties containing adrenaline are made even
mere acidic (pH around 1) because adrenaline can
brecome unstable at alkaline pH. Antimicrobial
preservative (methylparaben) is added to mult
dose vials, For spinal and epidural anesthesia
preservative free preparations should be used.

omerea s oot senencs (@)

INDIVIDUAL AGENTS
Esters

Cocaine
Cocaine wis the first local anesthetic nsed by Cirl
Koller for anesthetizing corea. It is extracted from
the leaves of Erythroxylum coca. Cocaine Is not
preferred because itis avery potent vasoconstrictor,
stmulates sympathetic system and can cause
CNS excitement leading o euphoria, agitation,
violence, convulsions, apnea and death.

It is the only ester which is not metabolized by
pseudocholinesterase. 1t s metabolized in liver.
One metabolite ecgonine &s also CNS stimulant,

Procaine

¢ Like other esters It Is metabolized by
pseudocholinesterase.

o W is the agent of clodce (n patients with history
of malignant hyperthermia, In face, historically
ithad been used for the rreatment of malignant
hyperthermia,

Chloroprocaine

Chloroprocaine is the shortest acting local
anesthetic (Duration of effect 15-25 minutes),
As the preservative, sodium bisulfite used
with chloroprocaine, caused high incidence af
neurotoxicity, chloroprocaine became almost
obsolete from clinlcal practice and became
contraindicated for spinal. However, recently
presecvative free preparation of chloroprocaine
has been launched and s gaining popularity
as short duration spinal anesthetic for day care
SUrgery in some countries. Maximum safe dose is
L000 mg.

Amethocaine (Tetracaine)
Itis only used as lozenges for bronchascopies.

Benzocaine

Used as lozenges for stumatitis, sove throat. Benzo-
calne can casse dangerows levels of methemoglo-
hinemin,

Amides
Lignocaine (Xylocaine, Lidocaine)
It is the most commonly used local anesthetic.

e Flrst synthesized by Lofgren and flrst used by
Gardh,



«  Solution s very stuble, not even decomposed
by boiling.

«  Contains preservative, methyl paraben,

o pKa=TH

Concentration used

Surface (toplcal) analgesia ;A% and 10%
Nerve blocks : 1-2%
Urethral procedures (as jelly) : 2%

Spinel ;5% (heavy)
Epidural : 1-2%
Intravenous reglonal analgesia © 0.5%

(Bier's hlock)

Infiltration block : 1-2%
Metabolism

Mermabolized 1n Hver, excreted by kidney. o
1.6 hrs.

Duration of Effect
Without adrenaline 4560 milmutes.
With adresaline 2-3 hours.
Maximum Safe Dose
Without adrenaline 4.5mgikg
(maximum 300 mg)
With adrenaline 7 mg/kg
{maximam 3K mg)
Toxicity

o Systemic toxicity (especially cardiotoxicity) is
less than bupivacaine, levobupivacaine and
ropivacaine.

o Can cause cuuda equing syndrome or translent
newrological symptoms after spinal anesthesta
therefore, not preferred for spinal anesthesia
in current day practice.

Other Uses

o Used for treating ventricular tachycardia:
Preservative free lignocaine (available as
xplocard 2% ) is used intravenously in dose of
2 mg/kg.

o Intravenous xylocard ix used for blunting
cardiovascular response to laryngoscopy and
Iintubation,

¢ Lignocaine infusion is used for the freatment

of neuropathic pain.

Mepivacaine
Pharmacology s similar to lignocalne except
duration of action stightly longer than lignocaine.

Prilacaine

Pharmacology is similer to lignocaine. Other
than liver It also has extrahepatic metabolism
in kidneys, Jungs and by amidase making it as
safest local anesthelic. Methemoglobinemia seen
with prilocaine usually occurs at high doses.
Methemoglobinemia occurs because of the
accumulation of its metabolite orthotoluidine
which can convert hemoglobin to methi b,

Bupivacaine (Sensorcaine, Marcaine)

Bupivacaine is very commonly used drug in
anesthetic practice. Chemically bupivacaine is a
racemic mixture of $ (Jevo) and R (dextro) lsomers.

It is 4 times more potent than lignocaine.
Metabolized in Hver, t 12 :3.5 hours.

Concentration Used

For nerve block |+ 0.5%

Spinal ¢ 0.5% (heavy)

Fpldural i 0.125-0,5% (depending
whether used for sensory
block or motor block)

The very unigue property of bupivacaine
is wide differential sengory and motor blockade
which means motor block will occur enly at high
concentrations making it a local anesthetic of
choice for postoperative pain relief and painless
labor.

Maximum Safe Dose
Without adrenaline 25 mgrkg
(mavximum |75 mg}
With adrenaline Img/kg
(maxinuen 225 mg)
Duration of Effect
Without adrenaline 2-3 hours.
With adrenaline 3-8 hours
Addition of adrenaline anly prolongs the
duration of sensory block.
Toxicity

Cardiotoxicity of bupivacaine deserves special

atlention due (o many reasons:

¢ Itis far more cardiotoxic than lignocaine

* K component contributes more than §
compaonent in causing cardiotoxieity

o Cardiotoxichty Increases in pregrancy, hypoxia
and acldosts.



¢ Cardiotoxicity of bupivacaine muay manifest
as bradyarrhythmias, conduction blocks,
ventricular archythmins or cardiac arrest. Iis
high rizsue binding (slow reversal of sodium
channels) and high degree of protein binding
makes resuscliation after cardiac arrogt
prolonged and very difficult, Therefore, it is
absolutely comtraindicated for Bier's Mook,
Management of curdine arrest includes CPR
along with the rapid bolus of Intralipid 20%, 1.5
mL/kg followed by infusion If required, Intralipid
binds the active lorm of bupivacaine, Contrary o
the previous recommendation of bretylium as a
drug of choice for ventricular tachycardia induced
by local anesthetics, wnilodarone nowadays s
considored as drug of cholce for the treatment of
bupivacaine (and other local anesthetic) induced
mentrivular lachycardia. In fact, bretylium is not
recommended 1o be used in such cases, For
ventricular tachycardia not responding to drugs
defibrillation should be dane immediately.

Levobupivacaine
Levobupivacaine is the S isomer of bupivacaine, As
itdoes nat contain Risomer therefore cardiotoxicity
of levobupivacaine Is less than buplvacaine.
Studies have shown that not only cardiotoxiclty,
neuarotoxicity of levobupivacaing is also slightly
lesser than bupivacaine. Maximum safe dose of
levobupivacaine are similar to bupivacaine, Le.
2.5 mg/kg (maximuem 175 mg).

As far as anesthetic properties are congerned
It is Jess potent (1:1.3) than bupivacaine therefore
durution (which is directly proportional o
potency) and density of block of block is also
proportionately less. However clinically this
difference Is not significant,

Ropivacaine

To further reduce the cardiotoxicity of love-
bupivacalne lts butyl groups were replaced
by propyl group producing the drog called as
Ropivacaine

Systemic Effects

Cardiotoxiclty and CNS toxicity of ropivacaine
Is less as compared 10 buplvicaine and even
lesser than levobupivacalne (but seill higher than
lignocaine ). Since cardiotoxicity of ropivacaine is
less it can be given in higher doses. Maximum safe
dase is 3 mg/kg (maxinion 225 mg),

owrenrs s issnees (@)

Clinlcally more Important than sbsolute
decrease in cardiotoxicity is betrer prognosts of car-
diae arrest after roplvacaine as compared 1o bupi-
vacalne for two reasens—Rapid reversal of sodium
channel and rapid dearance from circalation,

Another advantage of ropivacaine is that ity
cardio taxic potential is same in pregnant persus
non pregrant females making it o safer option for
pregnisnt ladies.

Anesthetic Properties

As it 1s also less potent than bupivacaine therefore
its duration and intensity of motor block will also
be propartionately less however as clinically this
difference Is insignificant therefore ropiracaing is
always preferred over bupivacalne for postoperative
analgesia and painless labor,

Etidocaine

Chemically similar to lignocaine but duration of
action is similar to bupivacaine and bess cardiotoxic
thin bupivacalne.

Dibucaine (Cinchocaine)

Longest acting, most potent and most toxic local
anesthetic.

METHODS OF LOCAL ANESTHESIA

Topical {Surface Anesthesia)

Mepivacaine, buplvacaine. levobupivacaine and
roplvacaine do not have any absarption from skin
on mucous membranes therefore cannor be wused
Jor topical anexthesia, The absorption of procaine
and chloroprocaine is so poor that they showld not
be wsed for swyface anesthesio.

Common preparations used for surface
analgesin include:

EMLA cream: EMLA stnds for eutectic (easily
melted) mixture of local anesthetics, It is a
combination of 5% prilocuine and 5% lignocaine ln
equal amount (1:1 ratio). It {5 used for Intravenous
canoulation in children or sensitve Individuals,
small skin procedures like skin grafting, biopsy
or removal of mobe. As Juelf strength EMLA cream
{2.5%) allows higher doses to be used therefore.
maore commonly wused in clinical practice is 2.5%
EMUA cream. It should not be used on broken
skin, mucous membranes, and infants less than
| month. The major limitation of EMLA cream is
its slow anset (30-60 min. )



TAC (Tetracaine, adrenaline and cocaine) and
LET (lidocaine, epinephrine and tetracaine):
Useful for producing local anesthesia an cut skin

Xylocaine spray 4%, tetracaine and benzocaine
lozenges: Used for mucous membranes of mouth,
pharynx and lurynx,

Xvlocaine (lignocaine) jelly 2%: Used lor urinary
catheterization and proctoscopies.

Cocpine drops and letracaine ointment: Used for
eye in past

Lignocaine 4%, dibucaine 1% and benzocaine 5%
ointment: Used for anal fissure and painful piles,
Oxethazaine (mucaine gel) 0.2%—Used for
Rastritis

Infiltration Anesthesia

Local anesthetic is infiltrated at operation site.
Most commonly used for infiltration is lignocaine,
1-2%.

Nerve Blocks

Drug is injected around the nerve supplying the
operation site. Most commonly are lignocalne
1-2% and bupivacaine 0.125%-0.5%

Intravenous Regional Anesthesia
(Bier’s Block)
0.5% lignocaine is used for Biers block.

N Table 15.2: Summary of peoperties of local anesthatics

Central Neuraxial Blocks

Central neuraxial blocks Include spinal and
epidural anesthesia,

Refrigeration Analgesia

Nerve condduction is blocked by cooling the nerves
using cryoprobes which detiver CO, or nitrous
oxide at -5 -20°C,

Tumescent Anesthesia

It 15 a technigue used by plastic surgeons during
liposuction where dilute combination of ligno-
caine with adrenaline |5 Injected subcutuneously
in large quantities in the area from where lipo:
suction has to be done, Peak concentration may
even occur in postoperative periods producing
toxicity.

CAUSES OF FAILURE OF LOCAL
ANESTHESIA

The usual cause of failure are inappropriare
technigue, inadequate volume or concentration
of local anesthetic however certain factors like
infection (acidosis), genetic variation or drug
toderance and tachyphylaxis can also contribae in
failure.

For summary of properties of local anesthetics
see Table 15,2
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Peripheral Nerve Blocks

Nerve blocks muy 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,
(¥or pain relief blocks see Chapier 39, page no, 2723),

TECHNIQUE

The conventional method of giving o nerve black
is by eliciting paresthesta and/or using the nerve
stimulator, However, the use of wltrasound has
revolutionized the practice of nerve block in modern
day anesthetic practice,

BLOCKS OF UPPER LIMB
Brachial Plexus Block

This s the second most commonly performed
block {after central neuraxial block). It is used
for surgery of upper limb and shoulder. Brachial
plexus can be blocked by 4 approaches—
interscalene, suprachwicular, Infraclavicular and
uxillary approach.

interscalene Approach

The usval Indication for interscalene block is
surgery on the shoulder or upper arme In this
technigque brachial plexus is blocked hetween
anterior and middle scalene at the level of cricoid.
Blockade occurs at the level of the superior and
middle trunks, Ulnar nerve is uswally spared
with this approach making it unsuitable for hand
surgeries.

Complications:

s Phrenic nerow block: Phrenic nerve block

occurs in almost all patients but unilateral
phrenic nerve block has no clinlcally

significant consequences o 4 normal
individual (pulmonary functions are only
reduced by 20-25%).

¢ Homer syndrome (due 1o block of stellute
ganghon}.

* Epidural and Intrathecal Injection can be
dreadful complication.

*  Poneumothorax if the aeedle insertion i too
fow

*  General complications like nerve injury,
nourits, intravascular injection, bleeding and
hematoma formation, infection or Injury w a
nearby structure and systemic toxicity of local
anesthetic.

Supraclavicular Approach

This is very commonly used approach, This
approach is usually employed for surgeries on
lower arm, elbow, forearm and hand, Distal trunk
and proximal division of brachial plesus is blocked
by this spproach,

Technique: Patlent lies supine with a small
wedge under the shoulder. The arm Is extended
and adducted; needle s inserted at a point | cm
superior to midpoint of clavicle after palpating the
subclavian artery. The needle ts insertod lateral
to subclavian vessels (Fig. 16.1). The needle is
inserted in downward and backward direction ol
paresthesia is elicited. After eliciting paresthesia
20-30 ml. of 1-1.5% xylocaine alone or mixed with
bupivacaine is injected.

Complications:

*  Pneumothorax: Dome of pleura can bo
punctured. Incidence is /-6% but fortunarely
in more than 98% of the cases pneumothora



Brachial plaxus

Fig. 16.1: Supraciavicular approach to beachisl pleaus
Block [meedie is Bserted just lateral 10 subdlavian artery)

is small enough to require any Intervention.
As the dome of pleura Is on medial side
therefore best way to avold pneamorhorax is to
keep the direction of needle laterally.

*  Phrenic nerve block (Incidence is 40-60%).
Unilateral block does not cause any problem

*  Homer syndrome,

o General complications.

Axiliary Approach

Axillary approach Is also commonly used
approach. The drug s injected around axillary
artery in axilla, Blockiade occars at the level of the
terminal nerves.

Advantage over supraclavicular approach:
Complications like pneumothorax, phrenic nesve
block and Hormner syndrome can be avotded.

Disadvantage: Musculocutancous and inter-
costobrachial nerves are spared therefore
axillary block is not suitable for arm surgery.
Musculocutaneous and Intercostobrachial
nerves have 1o be blocked sepurately with axillary
approach (musculocutaneous is blocked in the
substance of coracobrachialis muscle while
Intercostobrachial in subcutaneous tissue over
axillary artery). The chances of Intravascular
Injection and hematoma formation are also high
with axillary approach,
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Infractavicular Approach

In this approach brachial plexus is blocked either
Just below the midpoint of clavicle (classical
approach) or just medial to coracoid process
{coracold approach). The theoretical advantage is
that musculocutaneous and axillary nerve can be
blocked.

Due 1o high failure rate in coracold approach
and increased incidence of pneumothorax and
hemothorax in classical approach infraciavicular
route for blocking brachial plexus is not utilized
routinely,

Individual Nerve Blocks
Radial, ulnar and median nerves can be blocked
separately 2t elbow and wrisl.

Wrist bock is used for hand surgeries where
ulnar nerve is blocked just lateral to flexor
carpl ulnarls tendon, median nerve is blocked
between tendons of Palmaris longus and fexor
carpi radialis and radial nerve Is blocked by
8- 10ml subcutaneous injection of local anesthetic
extending from radial artery anteriorly 10 extensor
carpl 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

Alter applying tourniquer (which prevents
systemic absorption of deug) 30-40 mL of 0.5%
Hgnocaine (xylocard) or prilocaine is injected into a
peripheral veln. Adeguate toumiquet functioning
is most vital In Bier block. Deflation or leak can
cause druy toxichry and death therefore toxie drug
like bupivacaine is absolurely contralndicated for
Biler ock, As woumiguet has already compromised
the vascular supply therefore lignocaine with

adrenaline should not be used.
Advantages

«  Easy procedure.

*  Almost no chances of Eailure,

*  Rapid onset (within 5 minutes),
+  Good muscle relusation.
Disadvantages

« Tourniguet discomfort or compartment
syndrome.
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¢ Venousengorgement caused by venodilatation
creates difficulty in providing bloodless field.

« As duration of action of ignocaine without
adrenaline is 30-60 minutes, it can be utilized
only for short duration procedures

o Accldental deflation or leak of tourniguer can
cause severe drug toxicity and even deatho

¢  Toumnlguet cannat be released before 30
minutes (even if the surgery finishes before it).

Contraindications

* The old recommendation of not giving
intravenous regional anesthesia (Bier's block)
to sickle cell patients 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 lmb surgeries
can be performed under spinal and epidural
anesthesia, The nerve blocks which are sometimes
utiized are:

*  Paoas compartment block: To block lumbar
plexus,

o Porivascular block (3 1n 1 Flock): Drug injected
in femoral canal while maintaining distal
pressure will result in upward spread of drug,
blocking femaral, sciatic and oblurator nerves
simultaneously (that is why called as 3 in 1
block).

e Femoral nerve, sciatic nerve and obturaior
nerve block: These nerves can be blocked
separately depending on which part of the
lower limb surgery s to be performed.

o Fascia tlieca nerve (modified femoral) block;
A large volume of drug is injected just below
the fascia iliaca to block femoral nerve as it
traverses the fascia iliaca. Usually performed
under wlttasound guidance however can be
performed blindly with double pop technique;
first pop of fascia lata followed by second pop
of fascla iliaca,

*  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 tibiul posterior to medial
malleolus and sural laterally berween lateral

malleolus and achilles tendon, As it requires
wdtiple Injection ankle block can be a painful.
Lignocaine with adrenaline should not be
used lor ankle block.

o 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 neurologe status, cervical plexus block
is best utilized for carotid endarterectomy, In
selected cases, it is possible to do tracheostonmy
and thyroidectomy with bilateral cervical plexus
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
fiberoptic bronchoscopy under topical analgesia
Of alrwiys.

Phrenic Nerve Block

Sametmes performed for Intractable hlccups;
nerve ts blocked 3 cm above the clavicle just listeral
10 the posterior border of stermocleidamastoid,

Ilicinguinal and lliochypogastric
Nerve Block

Performed for hernia repair, these are blocked
at a point 3 cm medial to anterior supernior iliac
spane.

Penlle Block

Pudendal nerve Is blocked by Injection of
10-15 mL of local anesthetic at the base of penis,
Nylocaine with adrenaline is contraindicated for
penile block.

Paravertebral Block

[n parsvertebral block, each spinal nerve is blocked
just after it exis from Intervertebral foramen,



Can be utilized for breast, thomcic or abdominal
surgeries in patents where general anesthesiy is
contraindicated,

If large volumes are used then drug may
spread laterally into superior and inferlor para-
vertebral spaces, superior and inferior intercostal
spaces and medially along with the nerve sheath
into epidural space

Intercostal Nerve Block

Most often performed for pain reliel for tib
fractures and post-herpetic nevropathies however
can be used for chest tube insertion or doing
tharacoscopies. Block i given at the lower bordes
ol 1ib, usuully at the posterior angle of rib,

CHAPTER 16 Peripheral Nerve Biocks 0

The most bothersome complications may
be preumothorax and risk of svstemic local
anesthetic toxicity {maximum systemic absarption
ovocurs after intercostal nerve hlock).

CONTRAINDICATIONS FOR
PERIPHERAL NERVE BLOCKS

*  Patient suffering from coagulopathy or on
anticoagulants (except aspirin)

«  Infection it the site of needle placement

*  Known case of drug allergy 1o local anesthetics

¢ Pre-existing neuropathy —Avoid regional
anesthesia to avoid medicolegal Issucs,

KEY POINTS

o The usa of ultrasound hat not anly marde the narve blocks technically easy But gl has improved the

PIreCision,

o Ulrir cerve b usisly spaned with esvscatens approach while muncuocutaneous 5 esoolly spared wit axilary

approach

s - [he most Bothersome campication of supeacivicudal block % preumothoms. Kaepng the diection of necdle
Laternl 10 1he Subciavian arteny [ the Best wity 1o avok preunothonix
o Only slw kel anestnesics L2 ignocaine atd pritocany e peermitted for Bier block, Drug wath ligh icwicity

e buphadaing & dtaalutely cortrandicated,

o Crrvcitl pleais Block (s best atiled for cantid sndartmectomy
o Manmum wystemic ateorpelon of focad anesthetic accon after intercostal nerve biock
o Assonated cosguiopathiy and infection o needie @ sie ths abvchte contrindication far neree Blocks.



Central Neuraxial Blocks
(Spinal and Epidural Anesthesia)

APPLIED ANATOMY

Vertebral column consist of 33 vertebrae: 7
cervical, 12 thoracic, 5 lumbar, 5 fused sacral and
1 fused coccygeal, Vertebral column has 4 curves:
Thoracle and sacral spine are convex posteriorly
(kyphotic) while cervical and lumbar spine are
convex anteriocly (lerdotic).

Vertebral canal is bounded anteriorly by
vertebral hodies and interveriebral disc, laterally
by pedicies, posteriocly by Lunina, Hgamentom
flavum and roots of vertebral spines. [n vertebral
canal lies the spinal cord with meninges.

Structures encountered during spinal
anesthesia
Structures encountered while giving spinal
anesthesia (Fig. 17.1) -~ from posterior 1o anterior,
s Skin.

»  Subcutaneous tissue.

o Supraspinowus Lgament: Connecting the tips of
spinous processes,

o Interspinous ligament: joins the spinous
processes together,

o Ligamentum flavwm: Running from lamina
to lamina, Composed of yellow elastic fibers
therefore also called yelfow liganment (flava in
Latin means vellow)

¢« [hura

o Arachnold,

The tips of spinous processes are such that
epidural/spinal needle should be inserted
obliquely (cephadad) in thoracle region and almaost
straight in lumbar region

Surface tandmarks which are important while
giving spinal or epddural anesthesia are
C7: Spinvus pracess of Tth cervical vertebrae is
very prominent and easily palpable.,

Arachnold
Pia mater

Vartstiral body

Posserior
longitusnal ligament

Spinal cod
Fig, 17, 10: Stnctures sncountensd durng spinal anesthesia

Dura
Ligamantum lavum

Supraspmous ligament
Interspinous sgament
Skin

Epidural space
(outside the dura)

Subcutaneous lissue
Spinal space {subarachnold space)



T7:T7 lies opposite to inferior angle of scapula.

The line Joining the lighest polnt on (liac
crest (inrereristal line, also called as Tuffier'’s line)
correspands to 14 and L5 interspace or Ld spine:
It is very important to identity this intervertebral
space while choosing the space for giving spinud
or epidural anesthesin.

Epidural Space (Extradural or

Peridural Space)

It lies outside the duramater, Le. benween dura
and Hgamentum flavum, It extends from foramen
magnum 1o sacral hintus. Epidural anesthesia ts

given in this space. Epidural space is triangular in
shape with apex dorsomedial.

Contents of Epidural Space

Anterior and postenor nerve roots

Epidural veins

Spinal arteries

Lymphatics

Fat.

The epidural veins forms o plexus in epldurad
space called as plexus of Batson. These veins are
vary important from clinical point of view because
they directly draln into inferior vena cava. Any
pressure on inferior vena cava {as in pregnancy,
abdominal tumors, ascites) lead these veins 10
becomes engorged, pushing the dura medially
which reduces the subarachnobd space leading to
higher spread of Jocal knesthetic.

Anatomy of Spinal Cord

Spinal cord extends from medulla oblongai to
lowwr border of L1 in aduits and L3 (n infanis (Adult
teve! &s achieved by the age of 2 years ), Therefore in
infancy spinal anesthesia should be given in L35
space while in adults it can be given in 13-4 or L4-5
space (or even in L2-3) however wsually given in
13-4 interspace.

Spinal cord Is divided into segments by spinal
nerves which arise from it The spinal nerves are
31 pairs in number, Le B cervical, 12 thoracle, 5
lumbar. 5 sacral and | cocoygeal. Each spinal nerve
hos an amecior root which is efferent and motor
and a posterior root which Is afferent and sensory.
Anterior and posterior roots [ain w form mixed
spinal nerve which exists from intervertebeal
foraming. As spinsl cord ends a1 L1 therefore
lumbar, sacril and coceygenl nerve has (o run

downwards (o exit lrom intervertebral foruming
forming caudas equina {horse tail),

Blood Supply of Spinal Cord
1t 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 spinel artery is reinforced by
many arteries of which artery of Adambicuricz
(arteria radicularis magna) is very important
which can enter anywhere between T5 and
12 and usually (75%) it enters from left side.
Damage/vasoconstriction to this artery can lead
to cord ischemia and paraplegia.

Meninges

Spinal cord is enveloped lram Inside 1o outside
by piamater, arachnoid mater and duramater.
Duramater extends up to 82 in adwlts and 83 in
children while plamaler, as filum terminale, extend
U0 Coceyx.

Cerebrospinal Fluid

Cerebrospinal luid (CSF) is present between pia
and arschnoid mater (Le. subarachnoid space). As
spinal anesthesin is given in subarachnoid space it
Is also called as subarachnodd bock or (ntrathecal
(insicle the meringes) biock.

The CSE s secreted by choroid plexus of third,
fourth and tateral ventricles and is absorbed into
venous sinuses via arachnoid villi, 300 ml is
secreted in 24 hours. Volume of CSF at one time
is 140 ml, half of which is present in cranfum and
Ball in spinal canal. Specific gravity = 1L.003-1.009
(Average 1,004) and pH is 7,35,

CSF pressure: It i4 same in cranium and spinal
cunal In lying position which is 100150 mmdi O
(10-15 emH 0) while In siiting position the
CSF pressure at lumbar level may increase to
100-240 mmH, 0.

ADVANTAGES OF CENTRAL NEURAXIAL

BLOCKS (CNB) OVER GENERAL

ANESTHESIA (GA)

o Cheaper,

* Lessens the risk of respiratory complications
like pulmonary aspiration, bronchospasm,

lnryngospasm, postoperative aredectads,
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= Avolds serious consequences of intubation
like cardiovascular response or failed
Intubation.

*  Avolds the sysiemic 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 thromboembaolism
doe to increased vasculasity of lower Hmbs.

* By alleviating the surgical stress response
central nevraxial blocks decreases the chances
of infarction ns well us arrhythmiss

¢ Reduction in overall morbidity and mortalicy.
For the reasons mentioned above several
meta-analyses have shown a reduced rigk in
orerall mortality and morbidity ax high as
30% In patients who underwent surgeries
under CNB as compared to general anesthesia
(Ga)

SYSTEMIC EFFECTS (PHYSIOLOGICAL
ALTERATIONS) OF CENTRAL NEURAXIAL
BLOCKS

Cardiovascular System

The mozt prominent effoct is hypotension which

ocours due 1o of the followlng reasons:

L. Sympathetic bloek: The symipathetic block fead
to venodilatation, venous pooling decreased
venous return and hence decrease cardiae
output and hypotension.

2. Bradycordia: Bradycardia can further decrease

the cardiac outpur, The reasons for bradyeardia

an
Decreased atrial pressure becuuse of
decreased venous return (Bainbridge
refliex)
Parasympathetic over dominance due 10
sympathetic block
Direct Inhibition of cardivaccelerator
fbres(T1 10 T4).

A Blockage of nerve supply to adrenal glands
with consequently decreased catecholemine
refease,

1. Direct absorption of drug Into systemic
clreulation,

3. Compression of infenior vena cava and aorta
by pregnant uterus, abdominal tumors (supine
hypotenston syndrome),

Nervous System

Due to the anatomy of spinal nerve, central
neuraxial blocks do not follaw the block
sequence of peripheral nerves (motor > sensory =
automomic). s spinal nerve autonomie fbers are
on most outer {posterior) side while motor on most
inner (anterior) side therelore st function o be
blocked s autongamic folkowed by sensory and then
muotor, ie. the sequence of blackade Is awfonomic
> Sensory > motor. The recovery ocours in reverse
archer however few studies have suggested retum
of autonomic activity before sensory,

Due to this different sensitivity of nerve Hbers
10 local anesthetics, uutonomic level is 2 segmeents
Righer thun sensory which (s 2 segments higher
than motor. This 1s called as differential blockade
and the segments where one modality is blocked
and another i not, forms the zones of differontial
Blnckade.

Asitonromic level is tested by temperature {cold ),
sensory by pin prick (by non-pricking needles) and
mator by ioe movenent,

Respiratory System
Tidal volume, minute volume, arterial oxygen
tension are well maintained in normal individuals
however in COPD/Asthma patients whose
cxpiration is dependent on abdominal muscles or
respiratory compromised patientswho cannot bear
the blockuge of intercostals, there can be severe
impairment of respiratory function (Dysprea)
if block is high enough 1o block ebdominal and
intercostal muscles.

Aprea after spinal anesthesia is wsually duoe to
wevere hypotension causing medullary ischemin,
Other causes of apnea are:

o High spinal: Migh enough 10 block phrenic
nerve (C3, 4, 5) which Is rare.

o Total spinal: When the drug reaches up 10
cranium, it is considered as total spinal. It
usuilly happens due to aceldental Intruthecal
injecton of large volume of drug during
epldural anosthesta,

o Intravascular infection and systemic toxicity;
Usually seen afiey epldural anesthesia because
large volume of drug is used.

Gastrointestinal System

«  Sympathetic block leads to parasympathetic
over activity producing contracted gut witk
relaxed sphiincters; Peristalsis is increased.

I <



*  Nawsea und vomiting: The most common
cause of nauses and vomiting is hyporen-
ston leading 10 central hypoxia and nausea/
vomiting. Other causes may be bile i stomach
(due to retaxed pyloric sphincter) or increased
peristalsis due to parasympathetic over
uctivity, Nausea, vomiting due o these causes
(parasympathetic over dominance) Is treated

by atropine.

Liver

Hypotension can decrease liver blood flow bur
impairment is minimal.

Gonnootlnary System
Renal functions are not impaired uniess mean
arterial pressure falls below eritical pressure of
kidney for autoregulation (MAP- 55 mm Hg),

*  Urinary retention is the maost common post
operative complication of central newraxial
blocks n present day practice. It is due to block-
ucde of sacral pamsympathetic fibers (52, 3, 4).

= Fluccid (paralysis of nervl erigentes) and

engorged penis is one of the signs of successful
block,

Endocrlml System
Central newraxial blocks by blocking the
sympathetic nerves and adrenals blocks the

SUNCSS respONse Lo SUTRETY.
* The response to Insulin is augmented and

there can be hypoglycemia,
Thermoregulation

Vasodilatation couses heat loss which is com-
pensated by vasoconstrietion above the block and
shivering which is a very common occurrence
after spinal anesthesia.

SPINAL ANESTHESIA (SUBARACHNOID
BLOCK, INTRATHECAL BLOCK)

It is the most commonly used anesthetic
technigue, ftcan bewell utilized for almost all open
gynecology and obstetrics surgerles, orthopedic
and plastic surgeries of lower limb and pelvis,
reneral surgeries of pelvis and lower abdomen and
majority of wrology procedures

Procedure
* Spinal anesthesia s usually given in lateral
pasition or sitting positon (posstble ln prone

position also) with body in flexion position
\fetal position ).

e Approach mauy be midline (most commonly
used), lateral (paramedian) and lumbosacral
[Taylor) (In this approach point of insertion
Is 1 em medial and | cm caudal 10 posterior
supesior e spine),

«  Afier cleaning and draping lumbar punciure
Is done in destred space (usually 1.3-4) and
the local anesthetic drug is Injected after
confirming the free flow of CS§

Site of Action of Local Anesthetic

Lacal anesthetic mainly acts on splaal nerves and
dorsal ganghia but a small concentration can be
detected in substance of spinal cord.

Drugs used for Spinal Anesthesia

1. Lacal anesthetics (Table I17.1); Lignocaine
and bupivacalne are the two local anesthetics
which are mainly used lor spinal in India,

¢ Ligrocaine: Concentration wsed Iy 5%,
The drug used for spinal i hyperbaric
(or heavy) that means its spocific gravity
Is more than thut of CSF therefore It triey
to settle down, The solution is made
hyperbaric by addition of 7.5% dextrose.
Due to the possibility of transient
neuwrological symptoms (TNS) and cauda
¢quina syndrome lignocaine is rarely
used in current day clinical practice,

*  Hupivacaine: Bupivacaine is the most
commonly used drug for spinal. The
concentration wsed is 8.5% and it is muade
yperbaric by addinion of 8% dectrose.

*  Roplvacaine and levobupivacaine:
The newer drugs like ropivacaine or
levobupivacaine offer no comsiderable

B Table 17.1: Local snesthetics for spinal anesthesta

5%in 72.5% destrose 10333




advantage over bupivacaine for spinal
(due to low amount of bupivacaine used
for spinal, the risk of cardiotoxicity seen
with bupivacaine is negligible) rather
disadvantage ks that due 1o less potency
duration and quality of motor block is
Jeess,

¢ Chioroprocaine: Recently a preservative
[ree preparation of chloroprocaine has
been Introdoced in the market for short
duration procedures.

¢ Other drugs like fetracaine, mepivacaing
or procaine are hardly used in current day

prictice

2. Opiodds: A small dose of fentanyt (20-25 meg)
is usually added as supplement 1o local
anesthetics. Preservitive-free morphine can
provide analgesta for up to 24 hours however
with the risk of delayed respiratory depression.

1 a2 Agonists: Clonidine and dexsmedesomidine
by decreasing the neurotransmitter refease
and causing hyperpolarization of membrane
can prolong the duration of spinal block
therefare can be used as an adjuvant to local
unesthetics,

4. Vasoconstriciors (epinepliving phenylophrine):
Although no human study has suggested that
vasoconstrictors used with local anesthetics
can compromise the vascular supply of spinal
cord bor still majority of the cliniclans do not
use vasoconsteicrons for spinal anesthesla.

5. Neostigmine: Neostigmine by increasing the
concetration of acetylcholine can profong the
ansalgedic effect of spimal therelore can be used
as an adjuvant 1o local anesthetics.

6. Others drugs lke midazolam, ketaming,
tramadol or even noosteroidal anti
inflammiatory drugs (NSAIDS) have been tried
intrathecally but with variable resulis.

Spinal Needles
Spinal needles are of two types: dura cuning and
dura separating,

Dura cutting: Standard Quincke-Babeock, Greene
and Ptkin needle are the examples of dura cutting
needles. As these needles causes more damage to
dural fibers the incidence of postspinal hoadoche
is high however costwise they are far cheaper than
dura separating needles,

Dura separating: These have pencll tip point end.
The commaonly avallable types are Whitacee and
Sportie. As these needles only separases the dural
fibers, damage 10 dural fibers and hence Incidence
of postspinal headache is less but these needles

are expensive.

Factors Affecting the Height (Level)
of Block

Factors which Significantly Affect the
Level of Block

¢ Dosage of drog: Greater the dose, higher the
level of block attained,

o Baricity: Baricity &s the ratio of specific gravity
of an agent al o specific temperature (body
temperature) 10 specific gravity of CSF at same
temperature. This is very important factor ity
determining the migranon and eveniual extent
of block,

Hyperbaric techrique: Hyperbaric
solutions are most often used for spinal
anesthesia. As hyperbarie solutions tends
o settle downwards the level achieved
by hyperbaric solutions s governed by
the position of the patient during spinal
anesthesin and afterinjection till drug gets
fixed 10 newronal tissue, which normally
takes 10-15 minutes for sylocaine and
20-30 minutes jor hupivacaine.
Hypobaric: Local anesthetics are made
hypobaric by addition of sterile water. As
hypobaric solutions ascend higher they
are very rarely used for colorectal surgery
where Bead is lower than buttocks (fack
knlle position). The drog will migrate
cuudally o block sacral dermatones,
Isobaric: The local unesthetic sertles at the
same bevel atwhich it is injected.

s Positton of the patient: It is an important
factor. Spinal given In lateral position (with
hyperbaric solution) will aitaln higher level as
compared to spinal glven in sitting, Similarly
Trendelenburg position will produce higher
level of block as compared (o supine position.

= Site (intervertvbiral space) of injection: Higher
the space choson, higher is the leved of block
achieved.

*  CSF rolume: CSF volumme has inverse relation
with the fevel of biock; decreased CSF volume



will lead 1o higher spread of drug while
ncressed CSE volume will lead to attainment
of lawer levels,

o Pregnoncy: Pregnant women attains higher
level of blocks in comparison to non - pregnant
due to number of reasons like decreased
subarachnoid space (due 10 engorgement of
epldural veins), change in spine curvature
(lumbar lordosis of pregnancy), progesierone
induced increased sensitivity 1o neuronal
Hissues,

e Age: Old age people achleve higher levels
due 10 reduced subarachnoid space (because
of dural fibrosis), reduced CSF volume and
age related increased sensitivity to local
anesthetics.

o Hpidural after spinal: The bolus or infuston
ol local anesthetic in epidural space after
giving spinal during combined spinal epldural
compresses the dural sac Increasing the block
helght, This technique s called as epicliral
volurne extension,

Factors which Affect the Level of
Blodc but not very Significantly

Height: At g normal range. height is not an
important tactor however at extremes |t s
an important lactor having inverse relation
with the level of block: taller individuals will
attain a lower level while short scatured will
achieve higher level with the same volume
of drug,

s Spinal curvature: Severe kyphosis (or kvphio-
sopliosis) may reduce the subarachnoid space
leading to higher spread of drug.

* iIntra-abdominal pressure: Increase in intra-
abdominal pressure by ascites, pregnancy.
abdominal rumors, abesity decreases the
volume of subarachnoid space due 1o
engorgement of epidural veins, producing
higher block.

e Direction of seedle: i the orifice of needle
points cephalad, the level of block achieved
ts comparatively higher o when it points
downwards.

¢ Volume and concentration of local anesihetic;
Dase s o very Important factor while volume
and coencentrotion are fess Important
determinants of level of block,

Factors not Affecting the Level of Biock

Sex: Despite the difference In density of CSF
in males and females there 15 no sigoificant
difference In block height has been observed.
Speed of injection: Contrary to general belief
rapld injection does not increases the level of
hlock

Increased CSEF pressure! Increase CSF pressure
produced by Barbotage (It is the technique In
which repeatedly CSF is taken out and drug
is injected), coughing or stralning does not
affect the level of block,

Adlition of vasoconstrictor,

Additves other than oploids

Factors Affecting the Duration of Block

Dose.

Increased concentration.

Pharmacological profile of drug like protein
binding. metabolism

Added vasoconstrictors: Vasoconstrictors
increase the duration of spinul anesthesia by
10-50% bat they should not bo used for spinal
anesthesia as there is a theoretical concern
that vasoconstrictors can cause spinal cord
ischemia,

Complications of Spinal Anesthesia
Intraoperative

Hypotension: Hypotenston Is the most common
complication of spinal anesthesta. Mild
Fypotension do occwr (n elnnost all patiends and
significant hyporension (systolic 8P < 90 mm
Hg) mmary be seen in up to 1/3vd of the patients.
Mild hypotension is benefictal In reducing the
biood loss.
Treatment
Prophylactic: Although preloading with 1 1o
L5 liters of crystalloid is still pructiced by
many anesthesiologists however has not been
proven to prevent bypotension therefore s no
lager recommaended.
Curative
Head low position (Trendelenburg
pasition): It is done to Increase the
venous return from legs and pelvic area
A head low position of 15-20° has not
heen found to significantly increase the
level of block. Therefore, Trendelenburg
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up 1o 15-20° still rernains the very vital part
of management of spinal hypotension.
Fluids; Crystalloids preferred however il
there is indication colloids can be used
sufedy.
~  Vasopressors {sympathomimetics):
If hypotension does not responds to
Trendelenburg and flulds or if it is
severe than vasopressors should be
used. As Ephedrine not only produces
vasocanstriction (o agonist] but also
increases the cardine output and heart
rate by its |} adrenergic properties, it is
the mast preferred vasopressor for the
treatment of spinal hypotension. However,
Mephentermine (s more frequently used
in India. Other vasopressars which can be
used are methoxamine, phenylephrine,
metaraminol and epinephrine as
vasopressar of 1ast resorl.
Inotropes (dopamine, dobutamine}):
Hypotension after spinal is becanse
of sympathetic blockade therefore
sympathomimetic drugs are used for
treatment. The inotropes only benefit
indirectly by Improving the cardiac output
therefare are hardly ever used.
Oxygen inhalation to prevent hyposia
fram hypotension,
Rradycardia: Bradycardia after spinal
anesthesia is quite common (incidence around
10%) for the reasons already stated above
Tregatrten): Tntravenous atropine,
Dysprea; Mild respirntory difficulty due
10 lower intercostal paralysls s trested by
oxygenation and assurance.
High spinal/totel spinal: High spinal is an
arbitrary term. In general. high spinal means
spinal above desired level which is causing
problems to the pathent however (n strict terms
high spinal refecs to level high enough to block
phrenic necve causing diaphragmatic paralysis
and apnea. If che drug reaches cranium and
involve cranial nerves i1 is called as Joral
spinal.
Management: Management depends on level
of block. If it is involving only intercostals
then oxvgenation and assurance may be
enough. High spinal involving diaphragm
and total spinal will require intubation, Severe

hradycardia and hypotension seen in high
spinal will require atropine and vasopressors,
Respératory paralysis (apneaj: 11 is usually
because of hypotension, therefore treat
hypotension and maintain positive pressure
ventilation tll spontaneous breathing retums.
If it is because of high or total spinal then
patiens will require immediate intubation.
Naugea and vonuting: This is most commonly
because of hypotension causing central
hypoxia therefore treating axygenation and
treating hypotension should alleviate nausea
undd vomiting. If not then antiemetics may be
useed.

Difficuity in plionation: This is because of high
spinal extending up to cervical level.
Treatment: 1IPPV

Shivering. Shivering Is one of the very
common complication of spinal anesthesia
seen In almaost half of the pasients, Oxygen
consumption can increase by 4-5 timos in
shivering therefore the patient who ks shivering
must recelve nxygen and shivering should be
treated by warm air covering the patient by
wirm blankets and by giving anti-shivering
drugs. The drug of choice for treatment af
shiyering is pethidine followed by tramadol,
Restlessness, anxiety and apprehension:
Hypoxia should be ruied our otherwise sedate
and assure the patient.

L ooal anesthetic toxicity: Happens due to intra.
vasculoar Injection. Treat symptomatically. 1
convulsions oceur give dinzepam, oxygenate
and manage any cardiac archythmia,

Local anesthetic araphylaxiz: It is nuee.
Careliac arrest: It can be because of:

Severe hypotension

Severe bradycardia proceeding to

anystole.

Total sploal/very high spinal,

Local unesthetic toxicity/anaphylaxis
Immediately starr the cardiopulmanary
resuscltthon,

Hroken needle: Attempt the remaval at once. If
not possible get a partable X-ray and call for
NEUrOSUIEEon.

Pain during injection: Can be decreased by
local anesthetlc infiltration belore giving
spinal,



¢ Biloody tap: Bleeding after spinal usually
occurs due to punciure of epidural vein, The
needie should be withdrawn and reinserted,

Pastoperative

Urinary retention: Blockede of sacral para-
sympathetic fibers (82, 3, 4) Is responstble for
causing urinary retention. Due to significant
decrease in postspinal headache wrinary retention
haas mow Iecome e most common postoperative
connplication of spinal anesthesfo. It can oceur in
as much as one-third of the patients. Concurrent
administration of intrathecal opioids especially
morphine is strongly assoclated with higher
incidence ol urinary retention, Catheterization
may be required.

Newrological complications
1. Post-spinal headache: It 18 low pressure
headache due to seepage of CSF from dural rent
(hole) created by spinal needle, CSF leakage
results in decreased intracranlal pressure leading
10 traction of pain sensitive structures ke dura,
vessels and tesmorium producing pain.

The CSF loss around 10 mL/ . ks considered
as significant lnss to cause post-spinal headache.

Clinical featires:

* Patient can prosent with headache anytime
between 12-72 hours depending when he/she
starts sining or ambulation.

¢ The pain In throbbing in natare and is usually
occipital however can occur In any part of
the brain. Headache may be assaclated with
nausea, vomitiog dizziness, tinniws, diplopla
Or even seiaures,

¢ Asthere is meningeal strerching the pain may
be associuted 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 CSE the typical symptomatology
of post spinal headache is thot patiens wiil
complain of pain ln sitting and standing
position white pain gels rellved in lying down
wherens the headache due 10 meningitis will
remain same in all positions.

o Incidence: Due 1o the use of smaller gauge
needles incidence has been significantly
recuced now a days, overall It bs around { fo
5%,

o In majority of the cases the headache gets
resodved in 7 to 10 days,

Etiological factors

¢ Needle sice: Needle size Is the single most
impartant factor; Incldence with 16G needle
tay be 75% while with 260 needle it s 1 o 3%,

»  lype of needle: Incidence is significantly less
with dura separating [ pencil tip point) needle.
Altitude: High Incidence ar high altitude.
Iype of the patient: Patlent with history of
headaches is more prove for sploal headache,

¢ Inadequate hydeation.

*  Pregnancy, female gender and young patients
have move Inclidence of postsplnal headache

o Incldence |s less (statiadcally significant)
with paramedian approach and low glucose
concentration of the drug,

Treatmaont

Preventive:

o Use of simail genge and dura saporrating needlis
are the most important preventive measares,

*  Adequate hydration so that CSF production
exceeds loss.

¢ Avoiding spinal in patient with history of
headache,

o ltisnow proven that early ambulation does nol
increase the incldemer of post-spinal headache
ifother factors like needle sive, needle type are
taken cure of.

Curatiye:

st Line: First line of management 18 conservative

and it inchades:

¢ Ask the patient to lie supine in slight
Trendelenbarg pasition as far as possible.

¢ Analgesics,

o Inravenous fluids (15 mi/kg/hr) or oral flusds
4 lirers/day. The aim of adequate hydration Is
to increase CSF production,

o Qral or intraventons caffeine: 500 myg of
calfeine in 1 lter of ringer lnetate inhibits the
vasospasin cyche in cerebral vessels,

Maost often headache is relievad by conservaiig
IRORSUTES.

2nd Line: 20d line may include abdominal binders,
desmopressin (retaing Quid), inhalation of 5-6%
CO, in oxygen (CO, by cerebral vasodilation will
promote CSF production), riptans {sumatriptan,
zolmitriptan} and xanithol,




Srd Line: Third line of management |s although
interventional but definitive method of treatment,
Itincludes autologous Eptdural Wood pateh. In this
technigue 10-20 mlL 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. Ist blood pateh is effective in treating
headache in 95% patients and 2nd blood parch

In 99%. 15-20 mL of blood Is not likely o couse

significant hematoma however can cause ranshont

radiculopathy.

Ihe current recommendation fuvors 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 Himited rode
Left Tor 2nd Hoe management.

Other causes of headache after spinal
anesthesia:

o Meningeal ieritation: 1t i because ol chemical
meningitis or bacterial meningitis. Headache
produced by meningitis is figh pressure
headache and s not relsted to postural
changes.

o Queckepstedt'’s test is employed to differentiate
between high pressure and low pressure
headache. In this test applving pressure
on jugalar veins increases the headache
in meningitis while relieves in post-spinal
beadache.

2. Paralysis of cranial nerivs: All crenial nerves
exceplt Iss, 9th and 10th can be involved alter
spinal anesthesia. Most coonmanly (S0% ) 61 neves
Is invotved (because of the longest intracranial
course of tith nerve ),

Cause; As a result of low CSF pressure, descent
of pons and medulla can cause stretching of Gth
nerve at the apex of petroas temporal bone.,

Clinteal features: Paralysls appears after 3rd to 12th
postoperative day. Blurred vision, double vision,
heackache, photophobla are the usual symproms,

Treatment

Prophylactic:

«  Vigorous hydration.

¢ Use of small bore needles.

Curative:
o Dark glasses with outer 1/3rd of glass to be
made opague.

o SR TR

o Ocular muscle exercise.
o Adeguate fluids,

Recavery: 50% cases recover in 1 month and most
of the ciases in 2 years, If recovery is not seen alter
2 years surgical coerection should be done.

3. Meningitis

o Aseptie: Aseptic meningitis was seen in
past because of the chemical detergents
used In antseptic solutions. it 15 no longer
aconcem In modern day practice because
antseptic solutions used now a days
are presecvitive free, Aseptic meningitis
responds to symptomatic treatment

o [Infective: Infective meningitis although
rire (incidence 1s 0.3 per 10,000 spinals
and almaost double after epidural) but is
the matter of serious concern therefore
highest degree of asepsis should be
maintained during the procedure.
Chiorhexidine in an nlcohol base is the
most effective antiseplic.
Interestingly Streptococcux viridans
(an oral flora) has been cited as the
mast comman organism responsible for
meningitis afler spinol emphasiziog the
mandatory requirement of facemask
to be worn by clinicians throughout
the procedure. However after epidural,
meningitis most ofter oceurs hecense of
Staphylococeus epidermidis which can
contaminate the epidural catheter to
reach the meninges

Trevitment: Intravenous antiblotics

A, Transient neurological symmioms; Transient
neurological symptoms (TNS), presiously used be
called as transient racicular rritation, theoretically
can ocour with any local anesthetic wsed in
clinical practice however mas? affen (f is seen with
lgnocaine, The incidence with lignocaine can be
as high as 10-11% (that is why lgnocaine is hardly
used for spinal).

Patients may complain of pain in buttocks
radiating to legs without any neurological deficit,
The symptoms resolve themselves with in fow
days (< 1 week),

5. Cawda equina syndrome: Canda equina
syndrame (CES] is one of the classical examples
ol neurotoxicity caused by local anestheric.



It Is usually seen with lignocaine when given
as continuous spinal with small bore catheters
however there has been case reports of CES
repocted with single shot spinal with lignocaine.
Although, it most often occars uith spinad but there
fuas been case reports of CES with epidural too.

Clinical foatures: Retention of urine, incontinence
of feces, loss of sexual function and loss of
sensation in pesinenl region.

Pathological lesion: Vacuolasion of nerve fibers,
Most of these cases recover spontanennsly.

6. Newropathies: Neuropathies may be caused by:

o Direct rrauma to nerve by needie:

Fartunately majority of neuropathies

caused by needle rauma resolves
spontancously

o Neurotoxicity by Jocal anesthetics like

TNS and cauda equina by Hgnocaine, The

prezervative wsed with chloroprocalne s

cunsed severe neurological deficlts in past,

7. Paraplegia: Paraplegla Is one of the mosi
fearsome complications of neuraxial blocks. It may
be due to:

o Epidurat hernatona: 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 ocours in patients
on anticozgulants thesapy or sullering from
coagulopathies.
The presentation s sharp back pain with motor
weakness and/or bladder/bowel dysfunction,
The diagnosis should be confirmed by MRI
and management Includes immediate
neurosurgical intervension to drain the
hematoma

¢ Epidural abscess: Strict asepsis should be
maintained to prevent this devastating
complication. The diagnosis should be
confirmed by MAT and management includes
Immoedinte peurosungical lnfervention to draln
the abscess.

o Arachnoiditiv: Inflammation of arachnoid can
compromise the vascular supply of spinal cord
leading 1o ischemia and permanent paraplegia.
Arachnoiditis can be infective or non-
infective. Cases of non-infective arachnoidits
cccurred in the past when procalne wis used
with s preservative. Thesefore any drug given

through reeninges as rule must be preservative
free. Noo-infective arachnoiditis has also been
reporied with subarachnold sterolds.

o Spinal cord ixchemia: lschemia of spinal
cord can cause permanent parapiegia. The
cause of ischemia may be severe prolonged
hypotension, use of vasoconstrictors [only
theoretical concem) and arachnoiditis.

o Direct trauma to spinel cord: To avoid this com-
phication spinal in adults should be given below
L1 and in childnen up to 2 years below L3,

L Anterior spinal artery syndrome: Lpidural
hematoma, abscess, epidermoid tumor [(skin
tissue carried with needle can cause epldermold
tumor), can lead to compression of anterior spinad
artery causing untertor spinal artery syndrome
manifested by motor defictt without Invelving
postetior columns.

9. Intracranial complications: Sudden changes
in hydrodynamics of CSF can cause Intracranial
complications like subdural hematoma, brain
herniation especially uncus or intracranial
hemorrhage.

Pruritus: Pruritis is the most common side effect
of intrathecal opioids. It can be treated with opioid
antagonists,

Backache: Many patients report backache after
spinal anesthesin however neuraxial blocks do not
cause chronic back pain therefore patient must be
reassured.

SPINAL ANESTHESIA IN CHILDREN

«  Should be given In lower space (E4-5).

o Children less than 8 years are vietually free of
emodynamic side effects.

«  Due o more CSF volume (4 mLkg vs, 2 mL/kg
for adult) dose of local anesthetic required ts
mare and duration of block is less.

* Useof narcotics is contraindicated,

*  Chances of systemibc toxicity Is high,

SADDLE BLOCK

It Is the spinal given in sitting position and the
patient remains seated for 510 minutes ol drug get
fixed. As only sacral segments are blocked itcan be
utilized only for perianal surgerbes. The advantage
is that hemodynamic foctuations sre minlmal and
there is no possibility of high spinal,



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
sbdominal, thoracic {under thoracic epidural)
and even neck surgeries (under cervical epidural),
However in clinical practice epidural is mainly
used for postoperative pain management and
painless labor (by continuous infusion through
a catheter). Epidural is also used in chronic pain

management.
Epidural Needles

The mast commonly used needle for epidural is
Tuolty needle. It has blunt bevel with curve of 15 to
30 degree at tip (Fig. 17.2). This curved tip is called
as Huber tip. Other needles which can be used
for ephdural are Weiss {it is winged) and Crawford
(straight blunt bevel with no curve).

Technique
Like spinal it con be given in sittng and lateral
position. Usually epldural space ks encountered ut
4-5 cm from skin and has negative pressure in 800%
Individuals.

Most commonly used method to locate
epidural space is by loss of resistance technigue,
Once the needle pierces the ligamentum Bavam
there ix sudden loss of resistance and the syringe
filled with air or saline will be felt literally sucked
in epidural space.

Another popular technigue of past. hanging
drop technigue (Gutierrez’s sign) {If a drop of
saling is placed un the hub of needle it will be
sucked in due o negative pressure once the needie
is in epidural space} i bardly used in current day
practice.

Once the needle ts confirmed in epldural
space, atest dose of 2.3 ml of hyperburic lignocaine
with adrenaline {except for obstetric patient where
epinephrine should not be vsed ) s given and Ifin 5
minutes there is no evidence of either spinal block
(inability 0 move foot) or intravascular injection

Fig. 17.2: Tuchy needle Hfor epldural anesthesial

[sachycardia by adrenaline), further doses can be
n,
Epidural catheter is passed through the needle,
3-4 cm of catheter should be in epidural space,
A microfilter is attached 0 catheter 1o prevent
contamination.
Onset of effect takes place in 15-20 minutes.

Site of Action of Drug

o Anterior and posterion nerve roots (main siee
of action),

o Mixed spinal nerves.

«  Drugdiffuses through dura and arachnold and
Inhihits descending pathways in spiniad 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 o
20 ml of drug s required.

o Lignocaine (with or without adrenaline): 1-2%
concentration is used.

o Buplvacaine 0.625-0.5%, Ropivacaine 0.1-
1.0% and Levobupivacaine 0.125-0.75%
depending whether used for sensory or motor
black. Ropiracaine becawse of if high safety
profile is mast preferred,

Other drugs like prilocaine, chloroprocaine
or mepivacaine are seldom used now o day.
However, a new preservative free preparation of
chloroprocaine has been recently launched lor
central neuraxial blocks.

Opioids

Morphine: 4-6 mg (diluted in 10 mL saline),
Onset within 30 minutes. Effect lasts for 12-16
hours. Depodur is an extended-release liposomal
formulation of morphine which can provide
analgesia for 48 hours.

Fentanyl: 100 mog (diluted in 10 ml.saline), Onses
within 10 minutes. Effect lasts for 2-3 hours.

® Table 17.2: Local anesthetics far epldurad anesthesia

s



Fentany! (24 p/ml) + bupivacaine (0.125%)
ar roplvacaine (0.2%) (roplicatne preferred)
as continuous Infusion given by syringe pump
through epidural catheter is the moxt conomonly
used combination for postaperative analgesta and
painless lubor,

Site of action of opioids after epldural
adnunistration: Opioids after diffusion through
mueninges reaches the spinal cord where they bind
to opioid receptors present in substantia gelatinosa
of dorsal horn celly.

‘The advantages of epidural opioids over kocal
anesthetics:

e Only sensory block is produced while with
lucal anesthetics there are chances of mator
blockade if high concentration s used,

»  The e¢ffect of single dose [especially morphine)
lasts long (12-16 hrs) obviating the need for

frequent injections.
*  Nosympathetic block,
Diseedvaantages:

*  Hesprivatory depression; Respiratory depression
is more profound with less lipid soluble apioids
like morphine than with maore lipid solable
(fentanyl, alfentanil, sufentanil). The less fipid
soluble agents because of prolonged stay in
CSF mixes with CSF 1o reaches brain to inhibit
respiratory medullary centers producing
delayed respiratory depression after 6-12 hours.

s Urinury retentlon.

«  Pruritus

*  Nausea and vomiting.
*  Secation.

Adjuvant Drugs

Adjuvant drugs like clonidine, dexmedetomidine,
neostigmine and ketamine bas been tried 1o
enhance the onset, sugment analgesic effect and
improve quality of block but with variable results.

Liposomal Bupivacaine

Liposamal bupivacaine which can produce longer
lasting analgesia is currently under investigatiorn.

Factors Affecting the Spread (Level)

of Block

v Volwme of the drug: It Is the most important
lactur.

s Age: Old requiring less dose because volume of
epidural space is less,

o Gravity (Patient’s position): Does not affect
bevel too much as in case of spinal.

o Intra-wlxlominal temers, pregrancy: Less dos

Is required.

Level of injection,

Length of vertebral coltmpn: Tallér individuals

require higher dose,

o Concentration of local anesthetic: High the
voncentration, higher is the spread

Factor Effecting Onset and Duration of Block

The same factors which govern the onset and
duration of Jocal anesthetics { Refer £ Chapter 15,
page na. 153),

Advantages of Epidural over Spinal

o Less hypotension: As the onset of action of
epidural is slow body gets sufficient time
to compensute for hypotension making
epldurala better cholee than spinal for cardiac
compromised patients,

o No pastspinal headache however headache
can oceur I durd is punetured aceldentally.

* By giving top up doses through catheter level
of block and duration of anesthesia can be
changed.

Dmdvanugos Over Spinal
Inadeyuate {palchy) block/Mock failure rate
iy high: Epidural space has fibrous bands and
other tissues louding to unequal distribution
of drug producing parchy block; failed block.
Because of the large size and anatomy 1.5 and
St segrnents are most cslneraide w sperred
Another reason for falled block is subdural
Mock. 1t s rare complication when drug
enters the subdoral space. The presentation s
extremely variable. There may occur very high
unilateral block or there may be block with
sparing of ane modality.

o Higher chances of total spinal! Total spinnl
s one of the most 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
subarachneid space. As plain bupivacaine
and lignocaine are slightdy hypobarie this
volume will reach crantum producing total
spinal manifested as marked hypotension,



bradycardia, apnea, dilared pupils and
unconsclousness.
Provention
- Always confirm the positon of needle
or catheter by giving & test dose with
lignocaine with adrenaline
Never lnject as a bolus, always give drug
in increments of 3-5 mL and conflrm
negative asplration of CSF before Injecting
next Inerement of the drug,
Treatment
Intubate and 1PPV with 100% oxygen.
Vasopressors,
- Atropine.
Accidental dural puncture; Although the
incidence Is <1% but if dura gets punctured
with epidural needle the incidence of
postspinal headache 1s very high as epidural
meedles have broader gauge as compared to
spinal; most often 18 or 19 G epidural needle is
used to pass 19 or 206G catheter.
Il dura s punctured with epidural needle,
there are two alternatives:
Glve hyperbaric local anesthetic through
this needle, Lo, convert it o spinal,
Remove the needle und give epidural in
higher space.
More chances of epidural hematoma and
Intravascular injection: As the needle or
catheter is near to epidural venous plexus
chances of Meeding hematoma formation wsd
Intrpvascular injection are moce, The poscibility
of hematoma formation can be 10 fold higher
than spinal. As the veins are denser Laterally
the epidural should be given in midline.
To prevent intravascular infection inject the
drug only after confirming negative aspiration
of blood.
Higher chances of Infectlous complications: The
presence of catheter for many days increases
the chances of infectious complications
ke 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
dlinicians recommended a maximeon period
of 4 days.
Higher incidence of local anesthetic toxicity:
Higher volumes wsed in epidural increases she
chances of local anesthetic toxicity.

o Higher incidence of newropathies: Studies have
shiown higher Incidence of radiculupathies
with epldural as compared to spinal

e Intraocular hemorrhiage! Rapld injection of
drug can ralse Intrmocalar pressure cansing
subhyalodd bleeding.

e Higher Incldence of acute back paln as
campared 1o spinaal,

o Catheter related complications like broken
catheter, If the catheter gets broken in epidural
spavce and is not infected, it can be lefrin sit
(a retained catheter i no more reactive than
a suture) and reassure the patient however (f
it gets hroken In subcutaneous tissue then i1
should be removed.

o Compare to spinal epidural sets are more
expensive.

o Technically epidural Is more difficulr as
compared ta spinal,

COMBINED SPINAL EPIDURAL
ANESTHESIA

Combined spinal epidural (CSE) is now very
commonly performed technigue 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

postoperative analgesia.

Technique

Fpidural needle is placed in epidural space.
Through this needle special spinal needle (longer
ones, 120 mm while normal spinal needle is
90 mm) Is pussed and once CSF flows out
hyperbaric local anafgesic is injecied, spinal
needle is raken out and epidurat catheter Is passed
through epldural 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 plercing sacrococcygenl membrane. Most
often utilized 10 produce analgesia for perianal
surgeries, genital surgertes hike circumeision,
urechral surgeries like urethroplasties or lowey
abdominal surgeries like herniotomles, In
children, it ix asy to perform cawdal block because
sacral Riatus can be evisily identified.




Complications and contraindications are
same s for epidural. In addigon any infection in
perianal region is o contmindicatan for caudal.

Contraindications for Central
Neuraxial Blocks

Absolute

*  Raised intracrantal tersion: Medullary coning
can cause death if spinal ks given to patients
with ralsed ICT. Like spinal, epidural should
not be given 1o patients with raised 1CT as
there is always a possibility of accidental dural
puncrure. Moreover, lirge volume of drag in
epidural space cin Increase CSF pressure.

o Putient refusal.

*  Severe hypovolemia and bypotension,

«  Patienty on anticoagulanis®: Patients on
anticoagulants can bleed significantly to cause

epidural hemaotoma and paraplegia,
Patients on thrombolytie/fibrinolytic

therapy: As there I8 no chear cut data
availuble therefore the traditional
approach of withholding CNB for 10 days
after last dose of thrombolytic/ fibrinolytic
therapy still holds valid,
Patients on oral anticoaguiants: Central
neuraxial blocks can be given only when
prothrombin time becomes normal and
INK becomes less than 1.5, Warfarin can
be restarted 2 hours after centrel nevraxial
blocks or epidural catheter removal.
Patients an heparin
. \‘rnndurd{uqﬁucthmnd) heparin:
If the dose is < 10,000 units/day
subcutaneoasly, central neuraxial
blocks (CNB) can be given without
any delay. However, if the dose
s »10,000 units/day then CNB
should be given only & Junes after
last dose of hepatin.
< Heparin can be restarted salely
after 1 hour of CNB.
- Epldural catheter should be
removed 4 hours after last dose
of heparin and heparin can be

restarted | hour after catheter
removal,
o Low molecular weight heparin
{LMWH) {unfractioned).
- It ix considered safe to give central
menraxial dlock 12 hours after
tast dose of LMWH If the dose is
prophyiactic (dose of enoxaparin
< 40 mg} however if doses are
therapeutic then central neurmaal
blocks should be given only after
24 hours

- LMWH can be sofely given &
houwrs after central newraxiol
blocks however If the CNB wax
traumatic (bloody) then LMW
(and unfractionated heparin also)
should be delayed for 24 hours.

= Iuis safe o start prophylactic dose
of LMWH with epichural catheter in
situ however if LMWH s required
in therapeutic dose then catheter
has 10 be removed belore starting
LMWIL

- Epidural catheter should be
removed 10 hours after last
of IMWH and LMWH can v
restarted 2 howrs after remaval of
catheter,

Pationts on new anticoogulanity

+ ONB should be delayed for 48 houry
after fondaparinux, 72 hours after
rivaroxaban (Xarelto) and 5 days
after dabigatran (Pradaxa). They can
be given safely 6 hours after CNH or
epidural catheter removal.

o Patients on antiplatefets: Patients
on aspirin and NSAIDs can be
safely given contral neuraxial
blocks while for other antiplatelets
CNB should be delayed for 7 days
after clopidogrel. dipyridamol, and
prasugrel, 11 days alter eticlopadine,
2 days after abciximab and 8 hours
alter eprifibatide. Antiplatelets can

*Diffecent countries (and even different socleties within a country) follows diffesent guldelines hiowever the most
uccepaable guldelines we the guldelines prescribed by American Soclety of Negional Anesthesia and Pain Medicing
[ASHA). Necommendations mentsaned here are based a0 most rocent {3nd and 4eth) editions of ASHA.



be restarted 6 hours after CNB or
epidural catheter removal,

*  Bleeding disorders/coaguiopathy. In Patients
suffering from bleeding diathesis there are
very high chances of epidural hematoma and
paraplegia.

* Infection at local site,

o Severe fived cardiac output lesions (aortic
and mitral stenosis, constrictive pericarditls,
coarctation of aorta): These patients can not
compensate for decrease In curdiac output
and cannot tolerate fluld overload, therefore
should not recelve CNH

Relative

o Mild 1o moderate fixed cardine outgrul lesions:
Mild 1 moderute cases can be given central
neuradal block if necessary, Epidural because
of less hypotonsion is preferoed over spinal.

= Mild to moderate hypotension and hype-
volemin.

Uncontrolled hypertension: Uncontrolled
hypertensives may develop sudden hypo-
tension after spinal. Controllsd hypertensives
can safely recelve central npsiraxial blocks.
Severe ischemic heart discase especially
history of recent ML

Thrambocytopenia; Patlents with platelet
count more than 80,000/cublc mm can be
safely given central neuraxiol blocks. Platelet
count between 50,000-840,000/cublc mm is a
refative contraindication while count less than
1000 becomes an absolute contraindication,
Heart Mocks and patient on |5 Wockers: Severe
bradycardia can occut

Spinal deformity and presious spinal surgery:
Due to distorted anatomy CNB not only
becomes technically difficult there are
also increased chances of traumatic nerve
Injury especially in patient with spina bifida
or In patient underwent multiple levels of
laminectomies,

® Table 17.3: Comparison between spinal and epidural aesthesia
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Psychuatric and uncooperative patients: These
patient will not cooperate during positioning
History of headache: For unknown reasons
patients with history of headache are more
vulnerable for post spinal headache.
GIT perforation: Theoretically parasympathetic
over activity increases the peristalsis and can
open the seal.
Myelaopathy and peripheral neuropathivs;
The evidence that CNR (and other peripheral
blocksalso) exaggerates an extsting neurapathy
15 lacking Nerve hlocks should be avoided in
these patients for medicolegal reasons. If a
nerve black has to be given in such patients i
is mandatory w mention all the deficits in pre-
anestheric sheet to avoid any iigation.
CNS dbsovders:
Maltiple sclerasis: Due (o Increased
sensitivity of local anesthetics patients
of multiple sclerosis exhibit a prolonged
block however, the evidence praving
the exacerbation of multiple scletosis
svmptoms by central neuraxial blacks is
lacking,
Spinal stenosis: These patients may be ar
Increased risk of neurologic complications
after neurasial bocks

¢ Reskstant surgeon

e  Chronic backache: Chronic low back
pain without neurologic deficit iy not a
contraindication for CNB, Moreover CNB
does not caases the exacerhation of back pain
however muny clinicians avoid CNB in such
patlents to avoid meshicolegal hassles,

e Septicemia and bacteremia,

LEVEL OF BLOCK REQUIRED

FOR COMMON SURGERIES

When deciding the leved of block it is important to
block nerve supply of all the organs involved during
surgery, not only the level of skin incision. For
example, Skin inclsion leved for cesarean section is
ot T11 Jevel but since intestine and peritoneum are
also handled, block required is up 10 T4, Level of
block required for some common surgeries:

Cesarvan section UptoT4,
Prostate UptoTI0,
Testicular surgeries Up o TI0,
Hernia Up o TiO.
Appendix Up 1o T8,
Hysterectomies Up to T6,
Perianal surgeries Sacral segments,
For comparison between spinal and epidural
anesthesia see Table 17.3.

KEY POINTS

The lma joining the highest poing on Ifac oest comesponds 10 L4 and LS interspaca of L4 spire.

Spiral cord extend: from medulla oblangata 1o ower barded of L1 in adults and 13 s infnts

The sequence of blocksde aller CNR i autonomic > seasory > motor

Several meta-analyses have shown a reduced rai as tigh s 30% 1 overall martality and morbidity In patents
who underwent surgeries under CNB a3 compared 1o GA

Apnez after spenial anesthesla 5 wsually due 16 wvere hypotmsion,

The miost coanenon cause of nauses and vomiting bs hypotension

HypOotension |y the most cammen complication of spinal inesthests

Wrindry retention s tha mast comman pestdpaative complication of centeal newutisl Biocks in prasent day

practice.

Hyperharic bupivacaing |k the roost commanly wesd drug for spinal

Doze and Baricity are 2 very important detarminants of fevel of block,

Ephedring s the most prefered vanopressor for the treamient of spindl bypomnsion,

High spindl s associEted with bradycandia and bypotamion

The drug of choice for trestment of shivering 1 pethiding

Postspinal headache is low pressise, meningavasculal headache.

Postural ielation. |2 paim in SE1Ing and stanaing posmion and getting rlived In Idng down | diagnostic of

pestspiral headache.

Contd
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Anesthesia for Cardiovascular Diseases
(For Noncardiac Surgeries)

ISCHEMIC HEART DISEASE

The patients coming for surgery with ischemic
heart discases {THD) have been on constant rise.

Preoperative Evaluation

Preoperative svaluation should be done i decail
with special emphasis on assessing the offort
tolevance. liffort tolerance > 4 METS is generally
associated with lesser complications. A very
tmportant part of the preoperative evaluation
of cardlac padents is 1o strarify their cardiac risk
based on Lee revised cardiac risk index which
includes the following 6 parameters:

L. High risk surgery like aortic surgery or
thoracotomies

History of ischemic heare disease

History of cerebrovascular disease

History of cangestive heart fallure

Insulin dependent dinbetes mellims
Preaperative serum creatinine > 2 mg/dl.

oW e e

Investigntions: Special Investigations like
Holter, exercise electrocardlography { Treadmill
test), echocardiography or dobutamine siress
echocardiography (DSE), myocurdial perfusion
scan or coronary angiography should be done
based on the medical condition of the patient after
consultation with cardiologist.

Management of existing deug therapy:

o [Lhlockers: fB-blockers must not be stopped
at any cost if the patient is on [i-blockers
(stopping i-blockers can significantly ncrease
morbidity and mortality) however they should
not be started afresh in a patient who Is not on
i-blockers unless they can be started at least
I week befare surgery.

o Antiplatelets: Aspirin should be continued,
Clopidogrel 1o be stopped 5 dayvs befory
(however central neuraxdal block can be given
only after 7 days) and prasugrel 1o be stopped
7 days betore surgery.

o Rest all andanginal drugs (nitrates, calcium
channel blockers, ACE inhibitors) should be
continoed

Timing of surgery:

o Flectioe ssogery must be deferved for & uveks
{preferably 3 months) after an episode of
Ischemion/infarct if the patlent was treated
without stenting.

« [f the patient was treated with stent then
elective surgery must be deferred for & uveks
{prefevably 3 months) if bare metal stents was
used and for 6 months with mew generation
drieg eluning stents and | year with conventional
drug eluting stonts.

¢ If the patient was treated by coronary artery
pass gralt {CARG) then elective surgery should
be deferred for 6 weeks (preferably 3 months).

Monitoring

o ECG: Other than routine monitoring, FCG i
mandatory. Leéad V5 is the best 1o diagnose lefl
ventricle infarcton and lead 11 for arthythmia
(as well as Infertor wall MI) therefore o
combination of lead I end V5 can detect
majority (94-95%) of inraoperative ischemic
ovents. Monitors with facility of ST analysis are
ideal for these patients,

¢ lnvasive monitoring like central venoos
pressare (CVP) or invasive BP monitoring
should be considered only i large Intravascular
flukd shifts are expected, Similarly, pulmonary



artery catheterszation is reserved for extreme
situations only.

«  Transesophageal echocardiography (TEE):
TEE is the earfiest and most sensitive monitor
to detect imtraoperative infarction (can detect
more than 499% of ischemic events) however
it Hmltations llke cost, extensive training
In Interpretation and application vnly in
intubated patients (while ischemic events do
occur more commaonly during Intubation)
limits l1s use as a routine monitor.

Anesthetic Management

The most Important goal of anesthetic
management for patlents of ischemic heart disease
i 10 avoid a imbalance between nmyocardial oxygen
demand and supply therefore anything which
decresses myocardial oxygen supply like anemia,
hypotension, hypocapnin (by causing coronary
vasocaonstriction), tachycardia (by decreasing
diastole time) or increasing oxygen demand like
machycardia, hypertension [by increasing alter
load), stress, sympathetic stimulation are not
permitted,

Cholce of anesthesia: Although central neuraanl
blocks (CNB) are not absolutely contraindicated
but hypotension associated with spinal can
be deleterious thercfore general anesthesia iy
prefesred over CNIB.

Premedication: As stress can precipitate M1, pre-
medication with anxiolytics like benzodiazepines
is mmest.

Induction: Cardiovascular stability of eramidate
makes it an fndwction agent of choice for cardiac
patients. Other TV agents like thiopentong and
propofol can be used il hypotension can be avoided
Rownter ketamine must not be wsed because it can
stimulate sympathetic systom,

As tachycardia and hypertension can
precipitate MI they are not acceptable ar any cost
therefore sympathetic stimulation seen during
laryngoscopy and intubation must be blunted by
lignocaine, i-Mockers or opioids.

Maintenance;

« Although inhalational agents decrease the
cardiae output however (nhalational agents
can be safely used if patient's left ventricular
Sunction is normal. The concern of isoflurane

induced coronary steal is only theoretical
therefore if necessary it can also be used safely
for IHD patients.

o Patients with compromised left ventricular
Sfunction cannot recetve Inhalational agents
therefore anesthesia is best maintained with
iy oids

¢ Nitrous oxide should be avoided for two
reasons. First, it may cause mild sympathetic
stimulation and second, it is o pulmonary
viasoconstrictor,

o Vicuronlum is the most cardiac stable muscle
relaxant therefore muscle relasant of cholee
for cardiae patiens.

s Reversal: Only glvcopyrrolate (no atropine)
should be used along with neostigmine,

Postoperative period; Interestingly majority
of M occur in postoperative period (within 48
Rrours) therefore all the events which can cause
mishalance between myocardial oxygen demand
and supply (especially pain) should be avolded In
postoperative period.

Treatment of Intraoperative
Myocardial Infarction

«  Ifthe patient is hemodynamically unstable
- Intravenous nitroglycerine (mainstay of
treatment)
[-blockers
o If the patient is hemodynamically unstable
- Trest arthythmia as per advanced cardiac
life support (ACLS) protocol
Intra-aortic balloon pump
Inotrope for chrculatory support
Percutaneous intervention (PCI) anglo-
graphy and/or angioplasty as carly as
possible In postoperative period.

Emergency Surgery in Patients with Stents
As stated cardier that elective surgery should be
deferred for 6 weeks in patients with bare metal
stents and for | vear in patlents with drug eluting
stents however patients with stents do come for
PINEIEENCY SUrgery,

As these patients are on dual antiplateler
therapy (Aspirin+ Clopidogrel) decision has to be
taken as whether to continue or stop antiplatelet
therapy. Stopping antplaieler therapy carries
the risk of thrombotic complications {including

. .
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coronury or cerebral thrambosis) 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 cantrollable {(by
pressure or plateles therapy) therefore contining
antiplatelet therapy s always preferred excopt
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 10 assess the severity of valvalar
lesion,

« lnvasive monitoring {(pulmonary artery
catheterization or transesophageal echo.
cardiography ] is andy reserved for severe cases
of valvular lesions,

Mitral Stenosis

Mitral stenosis (MS) & considered 1o be severe if
transvalvular pressure gradient is > 10 mm Hg
(normal < 5mm Hg).

Anesthebc Management
Avoid tachycardia; Tachycardia by decreasing
the diastole will decrease the left ventricular
filling and henee stroke volume and cardiac
output.

s Avoid hypotension: As these parients have
already low cardiac outpur, hypotenslon can
be detrimental.

o Avold swdden (ncrease @5 blood volime: MS
patients ¥ 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 edemus however
CNB can be considered for mild to moderate
lesion by ensuring that significant hypotension
s avolded.

As atrial fibrillation 15 seen in one-third
of the patlents with MS, a significant number
of MS patlents will be on oral anticoagulants
contraindicating the use of CNB,

General Anesthesia

Induction: Etomidate being the most cardlac
stable is the agent of choice.

Maintenance: Isoflurane belng most cardiac
stable Is most proferred however sevoflurane and
desflurane in lower concentrutions 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 nsed with neostigmine.

Mitral Regurgitation
Mitral regurgitation {MR) is said to be severe if
regurgitant fraction is > 0.6,

Anesthetic Management

*  Avoid bradycardia: Bradycardia by increasing
the diastole will increase the regurgitation.

o Avoid hypertension: Hypertension by Increas-
ing the afterload increases the regurgitation.,

Cholce of Anesthesia

As deceease inafrerfoad decreasesthe regurgitation
Central neuraxial blocks appears to be & good
selection however excessive hypotension should
be avoided,

General Anesthesia
* Induction: Ftomidate

o Maimtenance; 1sollurane
o Muscle relaxant: Veeuronium

Mitral Valve Prolapse

Generally mitral valve prolapse (MVP) is &
benign condition however can become clinically
significant if assockared with mitral regurgitation
(MR). Ihe hemodynamic principles of manage-
ment of MVP withour MR and with MR are
different. For exumpile, increasing left ventricular
volume by giving fluids, by causing bradveardia



and hypertension decreases the degree of
prolapse while on the other hand the same
interventions are detrimental if there is assoclated
MR, Therefore It is very lmportant o assess in
preoperative poriod whether MVP Is associatod
with MR o not.

Majority of the MVP cases have normal left
ventricular function therefore can be given CNB or
GA. IfGA Is to be given then cardiac stable drugs
(Etomidate, Isoflurane and Vecuronium) should
be preferred.

Aortic Stenosis

Amongthe valvularlesions sortic stenosss (AS) have
most devastating complications like infarction,
arrhythmia or even sudden death, 75% of the
symptomatic patients with severe AS (transvalvular
gradient > 50 mun Hg or aortic valve orifice is less
than 0.8 o) may die within 3 years without vilve
replacement,

Anesthetic Management

o Maintain normal sinws rhythm; neither
bradycardia nor tachycardia Is acceptable.
Bradycardia can cause over distension of
alteady hypertrophied left ventricle while
tachycardia by decreasing the ventricular
filling can further decrease the cardiac oulput.

o Muaintain normal blood pressure. Hyper-
tenston by increasing the afterlead can
further deteriorate left venuicular functon.
Hypotension is not scceptable ar any cost;
severe hypotension by reducing the coronary
blood flow can precipitate myocardial
ischemin or even cardiac arrest. Unfortunately
patients with severe AS may not be able
1o generate adequate stroke making CPR
to be ineffective. Therefore hypotension
should be managed vesy aggressively, Ax
phenylephrine does not causes tachycardia
it s the vasopressor of cholee for patients
with AS.

Choice of Anesthesia

As central nearaxial blocks can cause hypotension
therefore anesthetic techniigue of cholee is GA.

General Anesthesia
Induction: Eromidate,

Maintenance: O, + N,O and isollurane if LV
function is notsignificantly compromised hoswever
if LV function is compromised then opioids are
selected over inhalational agent,

Muscle relaxant: Vecuronium,

Aortic Regurgitation {AR)

Avoid bradycardia and hypertension,
Bradycardia by increasing diastole and
hypertension by Increasing the afterload can
increase the regurgitant fraction.

*  As decrease in afterload decreases the
regurgitation central neuraxial blocks appears
10 be a good selection however excessive
hypotension shoukd be avoided,

General Anesthesia
Induction: Fromidate

Maintenance: O, + NO and isollurane if LV
function ks normal otherwise opiodds.

Muscle rebaxant: 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
for thromboembolism but have shorter life of

10-15 years). The two most important consider-

atans for patents on prosthetic heart valves are:

o They are on oral anticoagulants As discussed
in Chapter 4, page no. 48 stop Warfarin 5 days
before and sturt heparin which is stopped
12-24 hours before surgery,

¢ They need antiliotic prophylaxis to prevent
infective endocarditis: There has been drastic
change in guidelines for antibiotic prophviaxis
for patkent with prosthetic heart vadve. Contrary
to the previous recommendation of antiblotic
prophylaxis to all patients undergoing any
procedure the new guidelines recommends
antibjotles prophylasds andy for the follouing
canditions

The denta] procedures which involves
gingiva, oral mucosa and perlopical
region of teeth,

Invasive procedure that involve incision
on infective tissue.




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 (PVE) lucreases the shunt fracton
in left to right shumty, therefore the basic aim
of anesthetic management Is to maintain low
vascular resistance (hypotension) and high
pulmonary vascular resistancy.

* Antiblotic prophylaxis to prevent Infective
endocarditis Is recommended for VSD
and PDA however for ASD only (f there is
concomitant valvular abnormality (mitral
valve prolapses may be associated with ASD)

Choice of Anesthesia

As central neuraxinl blocks can cause hypotension
therefore will be beneficial however excessive
hypotension may not be acceptable in already low
carciae outpul stite

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: (), « N0 and isoflurane {sevo-
flurane, halothane or desflurane <6% can also be
sifely used) + positive: pressure ventilation (IPPV).
Inhalational agents are beneficial by decreasing
SVR while nitrous oxide and IPPY are beneficial by
Increasing the PVR.

Muscle relaxant: Vecuroniom.

Right to Left Shunts (Cyanotic Heart
Diseases) [Tetralogy of Fallot (TOF),
Eisenmenger Syndrome, Transposition of
Great Vessels)

Anesthetic Management

o [Decrease in systemic vascular resistance
{SVR) or Increase in pulmonary vascular
pulmonary vascular resistance (PVR)
increases the shunt fraction therefore the alm

of anesthetic nunagemen! is to maintain high
vascular resistance (hypertension) or decrease
pradenaerary vascidar resistance.,

« Antibiotic prophylaxis o prevent infective
endocardits is must

o Asthere s compensatory erythrocytosis there
wre very high chances of thromboem bolism,

»  Paradoxical embolism can be disastrous
complication therelore avoid even minute
volume of air through IV lnes.

Choice of Anesthesia

As central neuraxial blocks cause hyporension
therefore should be avolded; GA Is the anesthetic
teclnigue of choice.

General Anesthesia

Induction: As ketamine increases the systemic
vascular resistance it s agent of chofce for induction
(n right to left shunts As pulmonary circulation
Is bypassed the indoction with IV agents will be
rapid.

Maintenance: O, (50%] « N0 [50%) + Ketamine
infusion (or desflurane >6% I IV function Is
normal)

Induction with Inhalational ageots is delaved
due ro dilutiong] effect of shunted bload which
does not contain inhalational sgent. Although
nitrous oxide increases the pulmonary vascular
resistance but this disadvantage is offset by
ncrease in systemic vascular resistance produced
by nitrous oxide due w sympathetie stimulation,
As high FO, (delivered oxygen) decreases the
PVR therelore the concentration of oxygen used is
50% (not 33'%). Positive pressure ventilation and
acidosis can increase PVR therefore avoid excessive
wirwiy pressure and treat acidosts promptly.

Muscle relaxant: As pancuronium causes hyper
tensbon itis the muscle relaxan of choice,

Coarctation of Aorta

Majority of the coarctation are post ductal (distal
to subclavian artery). The patient ks ar risk of
ischemia (o spine, gut, kidney and lower lHmbs
therefore blood pressure monitoring in lower limbs
Is must in these patients and ensure that mean
arterial pressure of lower limb remains at least
>40 mm Hg.
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HEART FAILURE

The patient in heart failure carvies very high risk
of perioperative morbidity and mortality therefore
elective surgery Is contraindicated in patient with
heart fatlure.

‘The most commaon cause of right heart filure
Is loft heart fallure,

The activation of renin-anglotensin-
aldosterone system [RAAS) plays a very important
role in pathophysiology of heart failure. Therefore,
Inhibitors of RAAS, Le, anglotensin converting
enzyme {ACE] inhibitors, angiotensin I receptor
blockers (ARB) and aldosterone antagonist
remains the primary drugs for the treatment of
chronic heart fallure.

Anesthetic Management

The basic anesthetle principle of management
lies in accordance with the 3 basic principles of
management of heart fallure, Le, decrease preload,
improve myocardial contractility and decrease
afterfoad.

Medications:

«  Digitalis and 8-blockers are continued,

*  ACE Inhiblors and ARB are stopped 1 day
before If exclusively used for the reatment
of heart failure however if used for coexisting
hypertension then they are continued,
omitting the moming dose on the day of
surgery.

*  Diuretics should be withheld on the day of
SUTREY,

As these patients are on diuretics and digitalis
checking preoperative clectrolytes (espectally
polassitont) (s smust.

Choice of Anesthesio

Central neuraxial blocks are beneficial by
decreasing preload (venous return) and afterload
(systemic vascular resistunce) however excessive
hypotension should be svolded.

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: O, « N,O and opioids. Inhalational
agents can be used If LV function Is not very

significantly compromised.

Musche refaxant: Vecuronium.

Inotropic support with dopamine or dobuta-
mine may be required intraoperatively,

Pasitive pressure ventilation is beneficial by
decreasing the venous returm.,

CARDIOMYOPATHIES

Hypertrophic Cardiomyopathy

Hypertrophic cardiomyopathy {HCM), also called
us subaortc stenosis is the moest common jenetic
cardiovascular disease. Dynamic left ventricular
outflow ebstruction (LVOT) is the most important
feature of HOM. Anyvthing which increases the
myocardial contractility {sympathetic stimudation,
s agonists) or decreases the left ventricular volume
|decrease preload (hypovolemin venodilatation)
or decrease aftedoad (hypotension, vasodilators))|
promotes the left ventricular outflow obstruction

Anesthetic Management

The most basic principle of management of HCM
is to avoid any factor which increases IVOT.

Choice of Anesthesia
Central neuraxial Wocks (especially spinal) can

increase LVOT by decreasing preload and afterioad
therefore drwuld be avoicded.

General Anesthesia

Induction: Etomidate Is the induction agent of
choice. Drug like ketamine which stimulate sym-
pathetie system are contraindicated. Sympathetic
stimulation caused by intubation must be blunted.

Maintenance: Opivids are preferred howeves
Inhalational agents can be used ifhypotension can
be well controlled. Posttive pressure ventilation
can increase IVOT by decreasing the venous
returm therefore low tidal volumes should be used.

Muscle relaxant: Vecuronium is the preferred
musche refaxant, Pancuroniom is contraindicated
because it can chuse sympathetic stimulation.
Pulmonary edema in these patients can
not be treated by diuretics (decreases preload),
nitrutes (decreases afterload) and digitulis



(increases myocardial contractility). Therefore
Is trented by vasopressors {phenylephrine) and
B-blockers (Esmolol).

Other Cardiomyopathles

Dilated cardiomyopathy Is the most common
cardlomyopathy. It may be primary (diopathic)
or secondary like alcoholic or peripartum
cardiomyopathy. The anesthetic management
principles are exactly ssme for heart filure.

Considerations in Cardiac Transplant Patients

» They are immunocompromised so strict asep-
sis should be maintained during procedures,

*  Transplant heart is denervated therefore
bradycardia will not respond to atropine;
It should be reared by direct §§ agonist like
Isoproterencl,

¢ Trunsplant heart can Increase cardiae output
by increasing the suoke volume therefore
adequate prefoad (Intravascular volume) is
musL

PERICARDIAL DISEASES (CONSTRICTIVE
PERICARDITIS/CARDIAC TAMPONADE)
Patients with pericardial diseases are In low
tardiae output state therefore central neuraxial
blocks (spinal/epidural ) are contraindicated.

Pericardioventesis should be dane under local
anesthesia before proceeding to GA,

General Anesthesia

Induction: Ketamine by stimulating svmpathetic
system will incresse the cardiac output.

Maintenance: Opiolds,

Muscle relaxant: Pancuronium by stimulaung
sympathetic system will increase the cardiac

QAL

CONSIDERATIONS IN PATIENTS ON

CARDIAC IMPLANTED ELECTRONIC

DEVICES (PACEMAKERS)

Patients with cardine implanted elecaonic devices

(CIED) are seen more frequently in current day

pracuice. CIED are used Tor treating:

*  Bradywrrhythmias—sick sinus syndrome being
the most common Indication

¢ Tachyarrhythmias—Ventricular as well atrlal

o \Ventricular dysfunction: Cardiac resyn-
chronization therapy (CRT) |also called as
hiventricular pacing] Is used If LV ¢jection
fraction Is <45% or QRS > 120 ms

o Vemtrlcular assist devices are used for terminal
stages of heart fullure patients

o Defibrillate or cardiovert in susceprible
individuals—The patients susceptible for
ventricular tachycardia/fibrillation are fitted
with implantabie cardioverter—defibrillator
(1cD),

Anesthetic Considerations

The electromagnesic imerference {EM1) seen

during surgery can cause malfunction or even

complete fallure of device which can produce
life threatening complications. The maost common
source of EMI is cautery followed by radiofre-
quency devices and MRI (MBI is contraindicated
for patients with CIED). Hemodynamic altera-
tons or even electrolyre imbalunce can cause
interference

To prevent complications related to EMI the
following precautions should be taken:

o CIED should be programmed o asyschronous
muode before surgery, In asynchronous mode
pacemakers delivers a fixed rawe {70-72 bears/
minute) lrrespective of the patlent's own
rate avolding the risk of CIED (o be effected
by Interterence. It can be done by placing a
magnet over the CIED however preferably this
should be done by company engineer by thelr
special programmed devices.

o Turn off the permancntly implanted
cardioverior-defilriliator (ICD) before surgery.
1f they are kept on then any interference in
ECG (by cuutery or improper earthing) may be
read us ventricular Abrillation by 1CD devices
which may deliver shack,

« External defibrillators and pacing devices
must be kepr ready.

e Always preder bipolar cautery in these patients.

o CIED should be reset to thelr original settings as
so0n as the surgery s orver.

HYPERTENSION

Hypertension 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,



0 SECTION 7: Anesthest for Cosisting Dissases

Anesthetic Management

¢ Al hypertensive patients should be consicdered
to be having ischemic heart disease until
proved otherwise,

o Ideally elective surgery should be deferred
till the patient becomes normotensive
however most often this Is not practically
feasible and in fact, not desirable also becsuse
autoregulation range ol BP (parricularly
cerebral autoregulation) get reset ot higher
level in hypertensives. Although there s no
universal stundard cut off limit of BP w delay
surgery however a general consensus is to
delay elective surgery If diastolic blood pressure
fs > 110 mern Hg.

o Antilypertensives should be continued excep!
ACE inhibitors and angiotensin Il receptor
antagonist which are stopped on the day of
surgery. Studies have shown thar patient
continued o ACE inhibitors and anglotensin
11 receptor antagonist are more vulnerable
to develop profound hypotension In intra-
operative period,

Choaice of Anesthesia

Uncontrolled hyvpertensives are more vulnerable
for hypotension therefore central nenraxial
blocks {especially spinalj should be avoided for
uncontrolied hypertensives.

General Anesthesia

Inductlon: Etomidate being most cardioviscular
stable is the ideal agent. When using propodol and
thiopentone one should keep in mind that these
patients are more sensitive to hypotensive effects
of propofol and thiopentone. Drug like ketamine
which stimulate sympathetic system should not
be vsed. Svmpathetic stimulation caused by
intubation must be blunted.

Maintenance: All Inhalational agents can be used
safely if hypotension Is well controlled, Selection
of inhalational agent is based on associated

comorbidities in hypertensives like cardiac, renal
or cerebral disease.

Muscle relaxant: Vecuronium. Pancaronium s
contraindicated because It can cause sympathetic
stimulation.

HYPOTENSION (ANESTHESIA
FOR SHOCK PATIENTS)

Patient must be resuscitated 1o at least mean
arterial pressure > 65 mum HE or systolic pressune
> 90 mm Hg before considering for anosthesia

Choice of Anesthesia

Central neuraxial blocks are absolutely
contraindicated for severely hypovolemic and
relatively contraindicated lor mild o moderate
hypovolemic patient, Other blocks are safe
however CNS amd CVS toxicity of local anesthietics is
Increased in shock due o relatively mory perfusion
1o bratn and heart,

General Anesthesia

The genersl rule of shock is—whichever drug
is used, 1t should he given in small incremental
doses.

Induction: tetamine ks the induction agent of
chalee for shock however In chronic/severe shock
due 1o sympathetic depletion its direct myocardial
depressant effect may predominate. Due to
contracted intravascalar volume the effects of TV
agents are exaggerated.

Maintenance: O, + N.O <« Desflurane > 6%.
Desflurane > 6% stimulates sympathetic svstem.
As there occurs concomitant rise in ventilation
as compensation to metabolic acidosis, the rate
of rise of alveolar concentration of inhalational
agents becomes rapid.

Muscle relaxanis: Pancwrostum stimulates

sympathetic system therefore is the muscle
relaxant preferred for shock parients.

KEY POINTS

® Effort talerance > 4 METS & géneraily assodiated with lesser compications,
®  Beta bockers should not be staned afesh in a patiant who 15 not on beta biockers uniess they can be staned

AT least | week bafoes Lurgety
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Anesthesia for Respiratory Diseases

Pulmonary diseases are broadly classified as
obstructive {asthma and COPD) or restrictive

GENERAL CONSIDERATIONS IN
MANAGEMENT OF PATIENT WITH
PULMONARY DISEASE

Preoperative Considerations

»  Oneofthe very important parts of preoperative
evaluation is to determine the major risk
Sactors which predispose the patient (o post-
operative pulmonary complications. The
follewing factors have been clted us the major
risk factors:

Age > 60 years
Severity of pulmonary disease (Dyspnes
af minimal activity)
ASA r,udc »2
Congestive heart failure
Heavy smoker
Surgery under general anesthesia
Surgical factors like site of surgery
(thoracic and upper abdominal ), nature
(major) and duration (> 3 hours)
Serum albumin < 3.5 g/dL
Dymm'a at minimal activity and sie of
surgery dare the oo most important predictors of
pastoperative complications.

e Always rule out associated cor pulmonale in
patients with pulmonary disease,

* [deally smoking should be stopped 8 weeks
Iefore surgery however stopping smoking 12
hours before may be beneficial by reducing
carboxyhemoglobin levels.

*  Although pulmonary function test (PFT) do
determine the severity of discase but are not
always predictors of complications therefore
ronitine use of PET is not recommended.

«  Patients with pulmonary diseases should
be given chest physiotherapy, antibiotics,
hronchodilators and steroids in preopesative
period to improve their respiratory status.

o Patients who are on steroids at present or
have tuken steroid earlier should receive
supplemental steraid or details see Chapiter
4, page mo. 49).

o Anyinfection must be treated before taking the
patient for surgery.

*  Bronchodllarers should be continued us
Instructed; however, there Is no role of prophy-
lactlc nebulization In asymptomatic patient.
The patient should bring his/her inhalers with
him/her in operation theator (OT),

o Premedivation: Premedication with benzo-
digzepines should be avoided as these
patients are more sensitive to respiratory
depression. Theoretically premedication
with anticholinergic is beneficial by causing
bronchodilatation, however, clinical advantage
has not been seen., Premedication with H,
blockers (Ranitidine) should be avoided
because H, blockade leads o unopposed H,
activation and bronchospasin.

Intraoperative Considerations
Hypoxin, hypercarbia, acidosis and sepsis are not
acceplable,

Cholce of Anesthesia

o Regional anesthesia is always preferred over
general anesthesia, Cental neuraxial blocks
are excellent cholce If the level of block
required s below T6, Level above T6 can
cause paralysis of shdominal muscles causing
significant distress (particularly In COPD



patlents) because these patients have active
expiration dependent on abdominal muscles,

o If general anesthesia is to be given following
should be given due consideration;

= Gases must be humidified. Dry gases can
Inhibit clliary lunction causing atelectasis
In postoperative period, Moreover, all
inhalagtonal agents (except ether) also
Ienhsibit cllisry activiey.

General anesthesia increases the dead
space and V/Q mismatch (for details see
Chapier I, page no, 7),

- Vendlatory responses to hypoxia and

hypercarbia are blunted by inhalastional
agents, barbiturates and opioids and
this can be deleterious In a patient on
spontanecus ventilation,
Veatilation principle includes low tidal
volume (6-8 mL/kg) to avoid barotrauma,
low I: E ratio and slow respiratory rate of
(610 breaths/min.) to allow adequate
exhalation and prevent air trapping,

Postoperative Considerations

Pulmonary patients are prone to develop atelecti-
sis and hypoxia in postoperative period, Not only
they require respiratory moenitoring and supple-
mental axygen but lung expansion measures
[Incentve spirometry, chest physiotherapy, deep
breathing exercises) should also be Instituted
as early as possible, 1deally the improvement
in pulmonary lunctions should be guided hy
functional residual capacity (FRC).

Pain can significantly compromise the
pulmonary functions especially in thoracic
and upper abdominal surgeries therefore pain
management (s maost vital for thoracie and upper
abdominal surgeries In respiratory compromised
patients. Thoracic epldural is the most preferred,
most safe, most effective and most commanily 1esed
approack to achieve analgesia for thoracic and
wupper abdominal surgeries. Other technigues
which can be used are Intercostal block, local
infiltration (2 levels above and below the
thoracotomy incision site), intraplearal analgesia
and cryoanalgesia with special probes which
freozes intercostal nerves, Cryoanalgesia, although
produces effective pain relief, however, not used
commonly due to delayed onset, nonavailability
of probes and very long lasting effect (nerve
recovery may even take 1-6 months), Parenteral

apioids can causes respiratory depression therefore
should be avolded as far as possible.

ASTHMA

To consider for elective surgery the patient must
not have active asthma {no wheeze or rhonchl)
and ideally should have 805 of predicted value of
peak explratory flow rate.

Anesthetic Management

Choice of Anesthesia

As discussed reglonal anesthesia (s preferred over
generel anesthesio. Avoid central neuraxial block
il the level of block required is above T6. The other
concern of spinal that sympathetic block leads
to pargsympathetic stimulation and consequent
bronchospasm has not been found to be clinically
relevant.

General Anesthesia

Induction

«  Ketamine In spite of lts best bronchodilator
property is generally avolded due 1o Its
side offect {especially vivid reactions) and
propensity to increase wracheobronchial
secretions, The use of ketamine in present
day practice is restricted o patients in active
asthma (whwezing ) wrderyoing life threatoning
emergency surgeries, Ketamine in patient
taking theophylline can precipitate seizures.

*  Propofolis a reasonable bronchodilator devoid
of side effects seen with ketamine therefore, is
more preferred for asthma patlents in presen!
day anesthesia practice,

*  Thiopentone can induce bronchoconstriction
therefore, should be avaided.
1w most important consideration & to prvent

reflex stimulation of airwvays by laryngoscopy and

Intubation.

Malntenance: Sevoffurane s the inhalational agent
af chotee for asthma patients. Halothane, in splte
of producing litle more bronchodilatation than
sevoflurane in asthma patients §5 not preferred
hecause of the increase possibility of arrhythmias.
As desllurane and isollurane have irritating effects
on airways therefore showld be avolded.

Muscle refaxant: Steroldal class of muscle relaxant
is preferred, Benzylisequinolines by release hista-
mine can precipitate bronchospasm.



To avoid immediate postoperative broncho-
spasm extubation should be done when patient is

deep (deep extubation ),

Management of Intraoperative
Bronchospasm

Diagnosis

Intraoperative bronchospasm Is diagnosed by

*  Wheezing

¢ Increase in peak alrway pressure

*  Decrease exhaled tidal volume

¢  Prolonged phase 1l {slowly rising CO,) on

capnography
¢ Decresse oxygen Saturation in exireme cases,

Treatment

Step 1: Before starting therapy for asthma It
s must to rule out other causes of Increased
alrway pressure/bronchospasm like obstruction
of endotracheal tube by secretions or kinking,
inadequate depth of anesthesia, pulmonary
edema, aspiration or embolus, preamotharax.

Step 2: Once It ls confirmed that bronchospasm is
due to asthmatic atack it should first be treated by
Increasing the depth of anesthesta with inhalutional
agent (preferably sevoflurans),

Step 3: If not relieved by increasing the depth,
inhaled 1, agonist (with or without inhaled steroid)
therapy should be instituted immediately.

Step 4: Still not relieved by inhaled [5, agonist
consider giving IV sterolds, however, It should be
kept in mind that the effect of sterolds can take few
hours,

Step 5: For refractory bronchospasm not
responding to above said measures consider
epinephring, ketamine or aminophyiine Infusion.

CHRONIC OBSTRUCTIVE PULMONARY
DISEASE (CHRONIC BRONCHITIS AND
EMPHYSEMA)

Chronic obstructive pulmonary disease (COPD) Is
the most common pulmonary disease encountered
in dinical practice.

The anesthetic management of COPD patients
is similar to asthma patient with addidonal
emphasis on the following poknts:
= Cor pulmonale must be ruled out and if there

Is any evidence of pulmonary hypertension

then nitrous oxide shoukd be avoided.

« DPatients must be stabilized by stopping
smoking, weating infection, correcting spasm
(asthmatic bronchitis), improve pulmonary
condition by physiotherapy before taking for
elective surgery.

¢ Nitrous oxide showld not be wused in emphy-
sema It can cause expansion of bullae leading
to rupture and pneumothorax.

«  \entilation principle of low tidal volumes and
show respiratory rate must be adbered,

RESTRICTIVE LUNG DISEASES

« These patients have low FRC therefore are
more prone foe ypoxemin durlng induction,

o As these patents are very vulnerable to
barotrauma avoiding large tidal volumes and
inspiralory pressures is the most important
principle ol ventilatory masagement during
weneral anesthesia (GA).

TUBERCULOSIS

o Flective swegery shawld be deferred (n a patient
of active (open) puimonary luberculosis

¢ Pulmonary damage caused by tuberculosis
should be assessed in preoperative period.

« Antitubercular drugs should be continued
however, assessmmient of Hiver functions is must.

«  Emergency surgery of an active case should be
performed in separate theater dedicated for
infected cases. Equipment coming in direct
comtact with patient like mask, laryngeal mask
alrway (LMA), breathing circuits 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 w go ahead with elective surgery
In patient with upper resplratory tract infection
(URTI) depeonds on the severity of the disease.
Patients with minimal URT] (viral infections),
Leonly running nose, occaslonal cough without
expectoration and afebrile can go ahead with
elective surgery however if the patient has
significant URTL, ie. significant cough or
cough with expectoration, fever, signs of lower
respiratory tract infection like crepitations, signs of
upper airway obstruction like stridor then elective
surgery should ideaily be deferred for & weeks.



As alrway remains hyperactve for 5-6 weeks after
a significant URTIL, deferring surgery for less than
6 weeks does not 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
remakns same,

Patients undergoing surgery with active
URTI are prone o develop complications hike
laryngospasm (5 times), bronchospasm (10 thmes),
hypoxia, increased bleeding from alrways, post-
intubation croup, Jower respiratory tract infection
[Infection may spread o lower resplratory tract by
intubation leading to pneumonitis, atelectisis or
even sepricemia),

o avold these complications the following
upproach should be used In patsents with active
LIRTT undengolng surgery:

o Anesthesia of choice is regional,
o WGA s to be given then profer 1o get the surgery
done under laryngeal mask airway (LMA).

Avotd inibation e far as possible, however,

if intubation Is necessary then reflex tinela-
tion of atruwys by laryngoscopy and (ntubyation
showdd be prevended,

o Use of anticholinergic is strongly recom-
mended,

o Humidification of gases Is must,

* Be ready lor cricothyroldotomy and/or
tracheostomy should there occur significant
upper alrway obstruction,

«  heep the patents for longer periods In post.
operative oo for respiratary monitoring.

OPERATIVE CRITERIA FOR
THORACOTOMY/PNEUMONECTOMY

The polmonary pathology to the following

extent usually requires surgiesl correction by

thoracotomy | poewmonectomy,

¢ FEVI < 2liters

»  FEVI/FVC mtio < 50% of predicied

*  Maximum breathing capacity <50% of
predicted

¢ PCO, > 45 und PO, < 50 mm Hg at room alr

¢ Oxygen consumpion < 10 mL/kg/min,

KEY POINTS

o Dyspres at mirmmal actity ana sme of surgery ae the two mosz impotant predicron of postoperative

complications

o Always rie out gocined oor puimonale I patients wath pulmerary discase,
0 ey Srrokng shoukd De stopped § wesks telore wirgecy howsvet stapng smoking 12 hours befone may

De benghclal by recuong crboxyhemodiobin levek

o The soutine e of pulironary funcrion 145 & not recommended

s Fieglond anesthesia & alwags priferted o genedal anesthes's Tor rspratony compeormisad patients

s \antlation principle for COPCI/asthma patients itvciudes Lo Bidal volume (6-8 rmibag), fow b E ratio and siow
lespiatony 1ate of 1610 beeathadmin 1o sllow adeguate exbivation and provert gl Tappeyg

o Thorscke epidulsl Is the most prefecred Approach 1o achisve anslgeis 1o thorses and uppsr socdoming
Surpenieq while paeenTeny! apibids should be avaided as much as posshie

w Kptamine i spae of s best brenehodilotdr property is enecully avokded foe scthima pistionty iy une S restricied
10 [TIerRs N ctive Sty patieesng) undergong ife-thieateing ermeroency sulfy=es

agent ipssforably sevorhixane)
Nitrogs onide shaula nie be wied In errptndema,

Propafol Is prefened over vetamine for asthima patients In present day anestetia practica.
Thiopentons can induce Sroathocanstriction thersore. sheyld be aveidod
Sevcfurgne i the inhalstionsl agent of chiokce for asthims patients,

Mitrsope ity Brare hospasn mumumy'mwmammnmmaumd

Electiva surary Whould e chatermsd 1t 4 patient of sctie lopen] pulinodary fubeeCul s

s Eective susgery it contraindicated In pationty with lower respiaatory trac infection (lung Infections). The
deciuon 1o gu ahead with Sactive susgsty in patient with uppes lesgiatory tact Infection (URTH depends on

the severity of the daease.

o Fargesy s 10 be determecd ir 4 patieat of URT) then 1 shoukd tealy be defetred lor & weeks
o [orpatent of URT! genal anesthesss (GA) with aryngeal mask srway (LMAL 5 always prefoned over GA with
Irmobation.




Anesthesia for Central

Nervous System Diseases

[

PARKINSON’S DISEASE

Parkinson occurs due to progressive loss of

dopamine deficiency in brain.

o Al medications for Parkinson’s disvase (PD)
including levodopa showld be continued.
Discontinuing levodopa increases the chances
of muscular rigidity in perioperative period,

*  Dopamine antagonists like droperidol and
mietociopramide showld not be wsed.

¢  The PD patlents are prone for arrhythmios
[duze to increased levels of dopamine in body
{levodopa gets converted to dopamine)]
and hypotension (due to depletion of
catecholamines by chronically elevated
dopamine levels), These patients are volume
depleted (dopaminergic effect on kidneys)
therefore, adequate fludd replacement is must.

« Anesthetic drugs which increase the muscle
tone [ketamine, alfentanil) should be avolded.

ALZHEIMER'S DISEASE

Ihe major concern of these patients is thut they
are geviatric, dementic, non-cooperative and more
prone to develop postoperative psychosis. The
rising concern that general anesthesta worsens the
clementia is not yet fudly substantiated by stedies.

EPILEPSY

¢ As anticomvalsants affect the organ systems
(especially liver function), evaluation of organ
function ks musr in preoperative assessmnent,

s Al anttepileptic should be continued.

* Anesthetic drugs with eplleptogenic potential
IMethohexitone, ketamine (due to its
preservative ), propofol (rare opisthotonous),
ctomidate (myocionic activity), enflurane,

sevoflurane and atracurium (Laudonosine)|
should not be used,

¢ Spinal/epidural can be given safely if there are
no signs and symptoms of mised intracranial
tenston (1CT)

¢ Duetothe anticonvulsant property thiopentons
is the Induction agent of choice for epileptics.

*  Phenyroin and carbamazepine can potentiate
the effect ol non-depolarizing muscle
relaxants

STROKE

o After cerebrovisendar accident elective surgery
shoudd be deferred for 8 months. The possibilicy
of serlous complications like another stroke,
beart artack or even death s 14 times Bigher
If elective surgery ks performed within three
months and 5 umes higher if surgery is per
lormed within 6 months after stroke. The odds
are stabilized at 3 thmes after 9 months

s Due to extrsjunctional receptors suxametho-
nlum is contraindicared for stroke patients.

* Patients with history of trensient ischemic
artacks must have at least carotid Doppler
before considering for anesthesia

HEADACHE

»  Patients of chronic headache should be fully
investigated to rule out any intracranial lesion
and sigus ol ralsed ICT.

* As analgesics affect the organ systems
(especiadly renal function) evaluation of organ
function Is must in preaperative assessment,

*  These patients are prone to develop post.
spinal headuche therefore, spinal should be
avoided.




MULTIPLE SCLEROSIS

Mulrtiple sclerosis (MS) is an autoimmune disease

churaeterized by demyelmation of neurons,

*  Asimmunosuppressant drogs affect the organ
svstems (especially hematologic) evaluation
ol organ function is must In preopecative
assessment,

*  Elective surgery should be avoided during the
relapse of the disease,

« Patients with advanced disease having
aulonomic invalvement are very Hable for
hypatension and bradycardia,

Choice of anesthesia: Spinal anesthesia (but
not epidural ) and stress can precipitate multiple
selerosis; spinal precipitates multiple sclerosis
probably because of direct exposure of local
anesthetic to sheath less spinal cord. As peripheral
nerves are not lnvolved in MS, peripheral blocks
can be given safely.

General anesthesin:

¢ Asstress can precipitate MS, blunting stress
response 1o Intubation and maintaining good
depth of anesthesia s must

« If there |s spastic paresis/paralysis suxn-
mwthovilum becomes cantraindicated.

*  Hyperthermia is one of o very important risk
factor to precipitate MS therefore, must be
avoided at any cost.

SYRINGOMYELIA

As there is lower motor neuron {LMN) paralysis
suxamethonium must not be used and exaggesated
response to non-depolurizer is expected. Neuro-
logical deficits and possibility of raised ICT
warrants the avoidance of centml neuraxial blocks
hawever, associated scoliosis can cause venilaton
perfusion mismatch during general anesthesia
(GA)

AMYOTROPHIC LATERAL SCLEROSIS

It is & progressive disease involving upper and
lower motor neurons therefore, succinylcholine is
contraindicated. Central neuraxial can exacerbate
the disease,

GUILLAIN-BARRE SYNDROME (GBS)

Central neuraxial blocks can worsen the alreidy
diseased nerve (double crush syndrome) therefore

should be avolded. As there is lower motor neuron
(LMN) paralysls suxamethonlum must not be
used,

AUTONOMIC DYSFUNCTION

The patients with sutonomic dysfunction are very
vulnerable lor severe hypotenston, Hypotension
must be treated by directly acting vasopressors
(phenylephrine), not by indirectly acting
(ephedrine) vasopressors which act by releasing
catecholamines.

SPINAL CORD TRANSECTION

Acute Transection

During first 1-3 weeks patients are In spinal shock
due to sympathetic cut off therefore, aro very
vulnerable for hypotension and bradycardia,

Chronic Transection

Iransection above 16 can precipitate autonomic
hypec-reflexia manifested by severe hypertension
and reflex bradycardia. Although these patients
have no seasations below transection however,
need anesthesia because surgery Is 4 potent
stimulus for developing autenmnic hyper-reflexia,
Reglonal anvsthesta and deep GA can prevent
autonomic hyper-reflexia. Due Lo extrajunctional
receptors succinyicholine is contraindicated.

PSYCHIATRIC DISORDERS

Depression

o All antidepressants (ncluding monoamine
oxidase (MAQ) inhibitors [contrary to previous
recommendation of stopplng MAD (nhibltors
2-3 weeks prior) should be continued.

¢ Antidepressants increase the level of brain
neuroansmitters increasing the anesthetic
reqquiroment.

*  Acute Intake of trieyclie anndepeessants (up
10 3 weeks) by increasing the epinephrine
and norepleephrine increases the chances
of arrhythmias {particularty with halothane)
and hypertensive crisis. Thorefore drugs like
pancuronium, ketamine and local anesthetics
with adrenaline should not be used. Tlowever,
chronic use causes catecholamine depletion
Increasing the risk of hypotension, Patienty on
MAQ inhibitors must not receive pethidine,




0 SECTION 7: Anesthesa for Coensting Dasses

Anesthesia for Electroconvulsive Therapy (ECT): more vulnerable for hypotension (x blocking
Methohexital, being epileprogenic, is the induction property), arthythmias (QTc prolongation and
agent of cholce. If succinylcholine 15 used to torsade de pointes),

prevent muscle contraction, tournkquet should be  «  As these patients may not cooperate for regio
applied in one hand before giving succinyicholine nal btocks, general anesthesia is preferred
to see the selzure activity, «  Ketamine s contraindicated because these

patients can become very violent afrer

Mania ketamine in postoperative period

Patients are on lithium which can produce
diabetes insipidus and clectrolyte imbalance.  Drug Abuse
Although lithium do enhances the block o The drug abusers must have psychiatric

produced by muscie relaxants but this effect consultation in preoperative period,

seems to be clinfcally Insignificant thenefore, in o Patients must not be taken foe elective surgeries

contrury 1o older guidelines of stopping lithium in acute withdraual

48 befare surgery current recommendation is  »  Acute infake decreases while chronic imake

o contime Hthium, The other drug approved incroases the anesthetic requirement,

for bipolar disorder, (e Lamotrigine has to b« Patients on cocaine are at high risk of arrhy-

continped. thmias and myocardial ischemia

* 'These patients especially alcoholics must be

Schizophrenia evaluated for associated medical diseases like
s All antipsychotic drugs shoukd be continued. dilated cardiomyopathy, cirthosis, pancre-
« Antipsychotic drugs by producing sedation atitis, metabolic disorders (hypoglycemia),

decrease the anesthetic requirement, The nutritional disorders (Wernicke-Korsakoff

patients on antipsychote medications are syndrome).

KEY POINTS

L=vodopa shoukd not be stoppsd before salgery _
Dopamine antagonists like droperidol and metociopeamidee thould net be waad in patients wih Parkinon’,
tsase

The rising Loncen that geneal anesthesia wocsern the dementia i not yet fully substantisted by swudies.
All antiepitepte should be continued

Thiopentone is the induction agert of chowe for epieptcs

After corcbrovasculir accident elective surgery should be defemed for 7 monthy

Tinl anesthress (but 201 epidural) and i e poecioate multiph scerau, penipheral blacks tan be glven
Reglondl anesthedia and toop OA can prevent autsaomic hyperrafless.

All antidepessunts niduding monosming cxidase (MAO) minibitars should te coninupd.

Methoheital & the mduction agear of chaice for lecuocamulsive thepy

Clrrerd)iecammendation is 1o continue lNun

Pacients must nat be taken for dlectve sargaries in soue drog withicimwal.

Acute drog intake decrexses whive Cinnic INtke NCIoss The aNesMetic cequirRmeant.



Anesthesia for Hepatic Diseases

PREOPERATIVE EVALUATION

*  Hepatic dysfunction can vary from mild
Impairment of hepatic functions to fulminant
hepatie fallure. Chlld-Pugh classification is
the gold standard scoring system o assess the
soverity of hepatic disease and hence the risk
assexsment (Table 21.1).

¢ The aim of prepporative evaluation s 1o not
only tv ussess the severity of disease but
also to assess the damage caused 10 other
organs by hepatic dysfunction. Therefore, it
is very important to rule out coagulopathy,
renal damage (hepatorenal syndrome).
pulmonary dysfunction (hepatopulmonary
syndrome|, portopulmonary hypertension,
encephalopathy, ascites, gastroesophageal
varices, cardioe functions, electrolyte and
metabolic abnormalities,

8 Table 21.1: Child-Pugh classihcation

S. bilirubin (mg %) <2
Wmmm
1.4

Mﬂgmm
control mn seconds)

Encephalopathy None  Modesate  Severe

Miten  Bwellent  Good  Poor

Surgical siek Mimimal  Moderaste  Marked

Momakty  2SM 0% >50%

*  Always screen the hepatic patients for hepati
tis Band C.

o Always rule out alcchollsm and associated
comorbidities in hepatic patient.

Timing of Surgery

There is no need 1o defer the surgery In
asymptomatic patents with mild Impatrmens of
hepatic functions (mildly elevated liver enzymes),
However, elective surgery should be deferred
in acute liver disoase 1ill the liver functions are
stabilized. Patients with moderate to severe
chronic hepatic diseases should at least have
restoration of coagulation abaormalities (by
vitamin K, cryoprecipitate or fresh froxen plasma),
carrection of volume, electralytes and metabolic
disorder {especially hypoglhoemian), correction of
anemia, tapping ol ascites (i significant enough
to impair respiratory functions) and correction
of encephalopathy (by lactulose and neamycein)
before taking them lor surgery.

Premedication

As hepatic patients may be oversensitive (o the
sedative effects of benzodiazepine premedication
with benzodiazepines should not be given to these
patients,

INTRAOPERATIVE
Universal precautions must be taken i the patient
Is positive for hepatitis Bor C,

Monitoring: As there is Hluid loss 10 3ed space, the
Iintravascalar volume Is depleted in these patents
thesefore, central venous pressure monitoring is
highly recommendeh.
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Choice of Anesthesia

Due to the possibility of existing cosgulopathy wnd
Iintravascular volume depletion central nevraxial
Bocks should be avolded. However, if there iy
no associated coagulopathy central neurnxial
block cun be considered I hvpotension can be
prevented,

General Anesthesia

Due w0 high volume of distribution the initial
dose of [ntavenous agents is more while due to
decreased merabolism the action of repeated!
maintenance doses may be projonged. 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: Sepoflurane is the inhalational

mrm of chofce due 10 two reasons:

Maximum perseverance of hepatic blood flow.

Maintaining hepatie blood flow should be the

most important goal in these patients.

2. As sevoflurane does not produce Triftuoro-
acetie acid on mewbolism thereby avoiding
any possibility of hepatits,

Desflurane because of its least metabolism
and isoflurane because of perseverance of hepatic
blood flow are good alternatives 1o sevollurane.
The amount of rifluoroacetic acid produced by
desflurane and isoflurane is too minimal that
hepatotoxicity appears to be just theoretical.

Halothane must not be used due 1o two
reasons—firstly, it may cause hepatitls and
secondly It causes significant decrease in hepatic
as well as portal blood fow.

Nitrous oxide shonld be averded for two
reasons— [irstly, it can Increase tho pulmonary
artery pressute which may be already elevated in
these patients (portopulmonary hypertension)
wind secondly it allows the anesthetist to use higher
concentration of oxygen which is required due to
significant right to left shunt (hepatopulmonary

syndrome).

Muscle relaxants: Succinylcholine can produce
prolonged block due to decreased psewdocholine-
sterase, As atracurtion and Cis-atracurium are

metabolized by Hoffman degradation they are the

musole relavants of choice for hepatic parients,

e Remifentanil is the opioid of choice because It
is metabolized by plasma esterases

o As there is decreased metabolism of cltrate
(which can chelate calelum) these patients
shauld receive colcium after blood transfusion.

Nor Acceptable Intraoperatively

o Hypotersion: Hypotenston can severely impalr
hepatic blood flow. Atbumin is the preferred
calloid.

o Alkalosis: Alkalosls Incresses the conversion
of ammaonium o ammonia which crosses
blood brain barrler to precipitate hepatic
encephbalopathy,

o Hypoglycemia: Hepatic disease patients have
impaired gluconeogenesis and exhausted
glucose stores therefore, they are prone for
hypoglveemia.

= Sepsis: Sepsis can precipitate encephalopathy,

o Decrvased urinary owlput: Can precipitse
hepatorenal syndrome.

Postoperatively

«  Renal functions and urine output should be
momnitored,

+  Good antibiotic cover,
(Oxygenation: Cirthotic patients have Intra-
pulmonary shunt therefore, are more prone
far hypoxia.

ANESTHESIA FOR PATIENTS WITH
BILIARY OBSTRUCTION

Whatever discussed above for the management
of patients with hepatle disease, the same is
applicable for patients with biliary obstruction
with additional points to be taken care:

*  These patlents exhibit dradycardia because
of direct effect of bile salts on Sinoarrial (SA)
node,

«  Just after the release of abstruction mannitol
should be given to wash out the bile salts.

«  Muscle relaxant, vecuronium which has
30-40% excredon through bile should not be
used,

+  Opioids cause constrictions of sphincter of
Oddi increasing biliary duct pressure however,
the studies bave shown that incidence of
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optoid-induced spasm of sphincter of Oddi not using opiolds for biliary colic has been
Is less than 3% therelore, strict guidelines of questioned in current day practice

o Child-Pugh classficanion it the oold standang sconng systern 10 assess the seveity of hepatic diseasts and
harce thee tigk duevsmert

o Electhve sumgery should be afermed i Acuts Ivee Sasaso till the Uvor fncions are 4tatsllised
Due m the passibilty of exsting cosguiopathy wod intravascular velume deplenian centrs teuraal Mocks
shoukd De svoided in hepotic patents

o Propofol, dus 1o its shoet hallife and extrahenate mstabalsm i the inoucton 2gent of choce Jor hopati
paslents

o Sevofumne H the iInhalatonsl agent of Choke for hepatic pationts whils hakithane and nitrous sxide shauid
e pvonded

e Atracursum and Cls-atraciamam ass the moycie relavaons of chsices for b *pabC patienity

Alburrin o the profermesd colaid 1ar 4 patient withs comprormisad gt furctions

®  ASVECUIONIUM nas 20.-50% aetietion trouch b, it thould be avoided for patlents with bilery cbsiruction




Anesthesia for Renal Diseases
and Electrolyte Imbalances

ANESTHETIC MANAGEMENT OF
PATIENTS WITH RENAL DYSFUNCTION

Preoperative Evaluation

The aim of preoperative evaluation i not only 10
assess the extent of renal impairment but also the
damage coused to other organs by renal impalr-
mens and rule out associated comorbidities. The
common manifestation/associated comorhidities
seent In renal impairment which can increase the
perioperntive morbidity and mortality are:

o Anemia: The anemia is due to decrease
erythropoietin or decrease Intake due 10
anorexia seen in uremia,

o Coagulopathivs: Uremic pationts exhibit
bleeding tendencies,

o  Electmolyte and acid base abnormalities
like hyperkalemia, bypocalcemia, hyper-
magnesemin and metabolic acidosls.

o Fudocrinagl abnormalities Diabetes is the most
common cause of chronic kidney disease,

o Hypertension: More than B0% patients with
chronic renal disease exhibit hypertension,

« Cardiopulmonary abnormalities like peri-
cardial or pleural effusion.

o Associated tiver disease: Liver diseases are
commaonly associated with renal diseisse.

o Central nervous system (CNS) abnormali-
ties Jike uremic encephalopathy, uremic
polyneureopathy,

Timing and Preparation before Surgery

Pationts with acute kidney infury (AKT) shewdd
not undergo elective swegery wntil the injury
is fully resolved. Patients with chronic kidney
diseases (CKDs) should at jeast have correction

of electrolyte abnormalities (especially hyper-
kalemia), acidosis, coagulopathies, severe
anemia. control of bload pressure (target should
be < 130/80 mm Hg) and sugar and reversal of
encephalopathy. Very often the patients of CKD
are on dialysis. Dialysts showld be performed nithin
24 hours before st gery

Premedication

Premedication with benzodiazepines should
be avolded as CNS of these patients is extremely
sensitve to effect of sedatives and narcotics,

Intraoperative

Monitoring

o Maintaining fluid balance Is essential in
these patients; excess fluid can precipitato
pulmonary edema and fluid deficiency can
worsen kidney injury therefore, fluid should be
given either by Goal directed therapy {stroke
volume varkation or pulse pressure variation)
ar at Jeast by central venouws pressure (CVP)
goal directed therapy Is nut possible,

o Urime outpuer: Alm should be 1o maintain urine
output > 0.5 mL/kg/he, Urine output should
be malntained by giving adequate flulds. The
rraditional use of dopamine in renal doses
malntain urine ourput is not recommernded in
current practice. I required (like for very mijor
surgeries in renal patients) then fenoldopam
[sedective dopamine- | agonist) Is chosen over
dopamine.

o I invasive blood pressure monitoring s
required then radial and wlnar artery should be
spared as they may be regjuived for bemodialysic
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in future. Dorsalis pedis is most often chosen
in these patients.
*  BP cull should not be applied in the limb

having AV fistula.

Choice of Anesthesia

Central neuraxial blocks should be avoided due
lo associsted uremic coagulopathy, uremic
polyneuropathy and intolerance of renal patients
to extra fluids to treat hypotenslon. Peripheral
nerve blocks should also be avolded If there is

coagulopathy or neuropathy.

General Anesthesia

Induction: Due to shorter half-life and all inactive
metabolites, propafol is the induction agent of
choice however it mary be required in small doses
because of exaggerated response of CNS due o
disrupted blood brain barrier in uremia.

Maintenance: Desflurane 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. Sevoflurane
should be not be used in renal patients as it
produces high levels of Auoride approaching renal
threshold of 50 ymol/L.

As these patients are anemic oxygen is required
In high concentrations, Ensure normocapnia as
respiratory acidosis can cause hyperkalemta and
alkalosis can shift oxygen dissoclation curve to left,

Muscle reluxants: As these patlents exhibit
hyperkalemia, succinylcholine shawld noi be
wsed,
Due to Hoffman degradation non-depolarizing
muscle relaxant of cholce are Atracurivem and
Cis-atracurium.

Opioids: Remifentanil is the oplold of choice
because it is rapidly metabolized in plasma by
esterases. Short acting like fentanyl, alfentanil
and suleatanil 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 comains potassium) and pre.
ferring normal saline (as it does not contain
potassium) Is no more valid in current day

practice because recent studies have shown
that normal saline by causing hyperchloremic
metabolic acidosis produces more hyper-
kalemia. Thereore, ringer lactate is preferred
over normal saline however with close
mownitoring of patassium leveis. I ringer lactate
cannot be used then 0.45% saline or 0,18%
saline with dextrose is preferred over normal
saline (0.9%).

= Colloids (hydroxyethy! starch ) have been found
fo exacerbate renal injury. I it is mandatory
10 use a colloid then Gelatins (Gelofusine)
is preferred, High molecular weight collotds
(=MW 200 kDa) must not be used for renal
patients.

Postoperative

Maintain fluid balance and urine output and avald
non-steroddal anti-inflammatory drugs [NSAIDs)
for pain management.

ANESTHESIA FORTRANSURETHRAL

RESECTION OF PROSTATE

Spinal anesthesia is preferred over general

anesthesia due 10 the following reasons:

+  Old patients huve 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 fluild {most commonly-
glycine) is used to distend the bladder and wash
sway blood and prostatic tissue, This fluld enters
the systemic circulation through open prostatic
sinuses and can produce fluld overloading,
dilutional hyponatremia and kypo-csmolalisy. It is
estimated that 10-30 ml, of fluid is absorbed every
minute. Glycine can also produce hyperglycinemia

and hyperammonemia.

Signs and Symptoms

Hypo-osmalality (and hyponatremia) by produc-
ing cerebral edema produces restlessness, con-
fusion or even seizures. Hyperglycinemia can
produce visual disturbances including transient
blindness. Fluid overdoad can cause hypertension
and pulmonary edema,



Treatment

o Furosemide to treat fluid overload

+ Hypertonic saline may be required to treat
symptomatic hyponatremia and hypo.
vsmolality.

ANESTHESIA FOR PATIENTS WITH
ELECTROLYTE IMBALANCES

In prooperative perfod, it i important to find the
cause of electrolyte disturbances.

Hyperkalemia
Hyperialemia must be corrected (serum potassium
shondd I < 5.5 mEQ/L) Defore taking the patlent for

RATReTY.

Anesthetic Considerations

o Potgssium rich fluids should be avaided.

« As these patients are prone for cardiac
arrhythmias, vigilant electrocardiographic
(ECG) manitoring is must.

o Succinylcholine is contraindicated. Requlre-
ment of non-depolarizing musele relaxants
decreases due to muscle weakness,

« Mild hyperventilation is beneficial during
general anesthesia because hyperventilation
by causing alkalosis pushes the potassium
intracellularty,

Hypokalemia

Correction of hypokalemia before surgery is one of
the most debatable topic. The general consensas
Is not 1o treat mild (serum potassium >3 mEqg/1)
chronic hypokilemia if there are no ECG changes
or any organ dysfunction because of hypokaleman.
The exception s patients on digoxin where serum
potassium should be >4 mEq/ L before taking them

for surgery.

Anesthetic Considerations

= As these patients are prone for cardiac
arthythmias, vigilant ECG monitoring i
must.

*  Dose of non-depolarizing muscle relasant is
decreased as prolonged block is expected due
0 muscle weakness,

* As hyperventilatton and hyperglvoemta can
cause hypokalemia, they must be avoided.

Hyponatremia and Hypernatremia

* Hyponatremia and hypernatremia should be
normalized before subjecting the patients for
elective surgery. However, rapld correction
must never be done; rapid correction can
cause pontine myelinolysis,

o In case of emergency surgeries, conskdera-
tons 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 intravenons
[TV drugs.

Hypercalcemia

Anesthetic Considerations

¢ The key principle is maintenance of hydration
and urine output,

o Increase requirement of non-depalarizing
muscle relaxants may be expected,

Hypocalcemia

Anesthetic Considerations

+  Symptomatic hypocalcemia should be
corrected befare surgery,

+  Hypocalcemia can produce laryngospasa and
hypotension.

«  Hyperventilation and alkalosis can cause
hypocalcemia therefore, should be avoided,

« Biood transfusion should be supplemented
with calchum.

Hypermagnesemia
Anesthetic Considerations

« Acidosis and dehydration can lead to
hypenmagnesemia therefore, must be avoided.

«  Hypermagnesemia potentiates the action
of both depolarizing and non-depoiarizing
muscle relaxants,

Hypomagnesemia
Anesthetic Considerations

*  Hypomagnesemla may be assockated with

refractory hypokalemba and hypocalcemia.

« Ventricular arrhythmias may be expected.

«  Hypomagnesemia can prolong the block by
non-depolarizing muscle relaxants.

SRS ORI
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KEY POINTS

Patients weh acute Kaney inguty (AR shoukd not undamo eective sutgery until the inpty s fully resolved,

CHatyss should be performed within 24 houn before wrgery

Conection of yperkalomia 10 of MOt Mmpanrance 0 Chromie Kidey diease patidnts

Malartaining fald balarce 15 essentisl In renad patients sacess Puld can precipitate pulmonary edema and

fluld dehoancy can woren kidoey injury

¥ ievasive BaOd presie montonng s reguined then radial and ulrar astary $hould be spoered as they may

Be required for hemodialyss in future

& Central Neuranial DIocks should Be avoidéd due 10 snonated weTis Oaguioiatiy wemic polreuropathy
and ntolerance of tenal patients 1O extra fluids to troat hypotension

o Devfiurume I the inhwlational agent of choite Because £ does not groduce Miande

& Savofiurane thould not be Lled In reaal patieats 4y it produces high levelt of fluoride approaching rons
threshokd of 50 il

o Noo-Sepolarizng relasant OF Chesce 1 SacuniumALS-a1ac i en wihile Sipamethonuin 4 cContralndcated gus
10 adsociatad hypehalemia

= Ringer Brtate s predened dver sarmal waline with close motitoring of potassivm fevels. Colicids (hydonyetin
strch) harvw been found to eacertae enal injury

®  TURP gynicrome 5 exchitatied g fluid overicadng dluvonal typonatemia and hypa-osmalaby

®  Hyperkalamis must be correcied bafome 1aking the patient for surgery while there 5 10 need 10 cortect mikd
chrone hypokalermia

®  Hypermagnesenia potentistes the action of both depolanang and non-depolwinng muscle relaxants
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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 HbA, levels

« Tordeoutawtonomicneuropathy. Patients with
autonomic aeuropathy are hemodynamically
unstable and can even suffer cardiac arvest

o To rule out peripheral neuropathy as it can

affect the choice ol anesthesla,
e To rule out the organ damage caused by
dinbetes especially nephropathy.
Premedication

As dinbetic patients have delayed gastric empty-
ing, premedication against aspiration should be
given.

Intraoperative

Management of Sugar

Patient on oral hypoglycemics: Oral hypo-
glycemics are continued omitting the morning
dose on the day of surgery. However due 1o long
half lives sulfonyl urea and metformin should be
stopped 24-48 hours prior 1o surgery.

Patients on insulin: Majority of the patients are
elther on intermediate acting or mixed Insulin,
There are different protocols followed by different
Institutions:

« The most widespread traditionally employed
regime is to give 1/2 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

{ta 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 favor of regular
insulin by continuous infusion. Insulin is
prepared in normal saline as 1 unit/ml and
given by the following formula: Units/hour =
plasma ghucose (mg/dL)/150,

For example, if plasma sugar 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, ie,
omit the morning dose of insulin and no need
1o start dextrose,

« Il 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 followed the
target should by 1o keep plasma sugar level between

150 and 1650 mg/dl.

Monitoring: ECG monitoring is more than
mandatory because myecardial ischemia is most
common cause of death in perioperative periad in
diabetic patients. The myocardial infarction (M1)
may go silent in postoperative period if the patient
Is having sutonamic neuropathy.



Choice of anesthesia: Patients not having
peripheral and/or autonamic neuropathy can
safely receive regional anesthesia. Maintaining
asepsis during blocks is pivotal.

General Anesthesia

o  Difficult Intubation may be anticipated
due to involvement of atlanto-occipital
and temporomandibular joint (stiff joint
syndrome).

* Hypotension and bradycardia in patients
sulfering from autonomic neuropathy may
not respond to atropine and ephedrine;
intravenous adrenaline may act as savior

« Sympathetic stimulation can cause hyper-
glyeemia therefore, drugs causing sympathetic
stimulation like ketamine, pancuronium,
atropine, desflurane >6% should be avoided,
Sympathetic stimulation caused by intubation
must be blunted by deep anesthesia,
lignocaine, 8 blockers or calcium channel
blockers,

Postoperative

Cardiac and regular bleod sugar monitoring
should be continued in postoperative period.

THYROID DYSFUNCTIONS
Hyperthyroidism

Elective surgery should be deferred till the patient
is cuthtyroid.

Preoperative Evaluation
o 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 patient for
surgery.

* As large thyrold can produce tracheal
compression therefore, airway assessment by
indirect laryngoscopy, X-ray neck or CT scan
is must.,

Intraoperative
Monitoring: Other than routine monitoring, ECG
to detect arrthythmias and temperature o detect

hyperthermia ts must in hyperthyredd patients.
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Cholce of anesthesia: Regional anesthesis can
be safely given however, local anesthetics with
adrenaline must not be used. In facl, central
neuraxial blocks are preferred because of their
capacity to block the sympathetic response.

General Anesthesia

« Sympathetic stimulation can precipitate
thyroid storm therefore, drugs causing
sympathetic stimulation like ketamine,
pancuronium, atropine, desflurane >6%
should be avoided. Sympathetic stimulation
caused by intubation must be blunred by deep
anesthesia, lignocaine, [ blockers or calcium
channe! blockers.

*  Exophthalmos increases the risk of corneal
abrasion therefore eye protection is must.

* I there is alrway compression due to large
thyroid then awake Intubation with fiberoptic
bronchoscopy should be done.

Induction: As Thiopentone possess antithyroid
property, it is the induction agent of cholee.

Maintenance: As hyperthyroid patients are more
prone for arrthythmias therefore, most cardiac
stable, Le. Isoflurane should be the preferred
agent, The concern of increased toxicity of inha-
lational agenrs 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: Vecuronium being most cardine
stable s most preferred.

Postoperative

Postoperative period [n hyperthyroid parient can

be risky due to the following complications:

e Thyroid storm: Thyroid storm is a life
threatening condition most often occurring
in postoperative period however, can occur
Intraoperatively also. The management
includes control of hyperthermia, arrhy-
thmias, dehydration, antithyroid drugs
(propylthiouracit) and dexamethasone (block
conversion of T4 to T3),

v Upper airway obstruction: It is most often due
1o tracheal compression cawsed by expanding
hematoma, [t should be treated immediately
by opening the sutures.



*  Recuwrront laryngeal nerie paisy: Unilateral
palsy will just cause rthe hoarseness while
bilateral can cause aphonia and stridor,
Immediate ENT reference should be sought

*  Hypoparathyraidizm: Hypocalcemia cavsed
by hypoparathyroidism can precipitate

laryngospasm.

Emergency Surgery in
Hyperthyroid Patient
At least achycardia should be settled with
intravenous infusion of esmolol or intravenous
propranolol (propranolol has added advantage of
inhibiting the conversion of T4 10 T3). However,
if it is an wrgent surgery (not life-threatening
emergency surgery) then ipodate, propyithiouracil
and dexamethasone should be given in addition,
The anesthetist should be prepared to handle
thyroid storm In hyperthyrold patents undergoing
SMEIEENCy SUrgery.

HYPOTHYROIDISM

Ideally elective surgery should be deferred Il the
patient is euthyrold however mild hypothyrokdiso
should not be a deterrent 10 postpone the surgery.

Preoperative Evaluation

*  Associated conditions with hypothyraidism
like congestive cardiae fuilure, anemia, hypo-
thermla, hyponatremia and hypoglycemia
should be ruled out,

o Ihyroxin preparations should be continued in
preoperative period.

« Hypothyrold patients can bave very large
glands therefore, Indiroct laryngoscopy or if
required CT neck should be done to assess
tracheal compression.

*  These patients are exwremely sensitive to
depressant drugs therefore, premedication
with benzediazeptines should be avolded,

*  Due to delayed gastric emptying hypothyroid
patients are more vulnerable for aspiration
therefore, aspiration prophylaxis should be

given.

Intraoperative
Choice of Anesthesia

Regional anesthesia s an appropriate selection
provided that the intravascular fluid volume

is well-maintained however, coagulation
abnormality and platelet dysfunction should be
ruled out,

General Anesthesia

»  These patients are vulnerable to go into
congestive cardiae tuilure therelore, for major
surgeries fluid should be given by goal directed
therapy or at least by central venous pressure
(CVP)

o As the metabolism of drugs Is reduced in
fypothyroldism they should be used In niinival
possilie doses.

Induction: Normally done with propofol however
if there is evidence of low cardiac output then
ketamine is preferred.

Maintenance: Isoflurane because of lts cardiac
stahility is most preferred.

Muscle relaxant: As mivacurium, atacurium/
Cis-atracurlum do not have the posstbility of
accumulation therefore, are preferred muscle
relaxants.

Postoperative

* These patents can go into hypoxia in post-
operative peciod due to hypoventilation.

*  Patlents must be watched carefully for the
postoperative complications of thyroldectomy
like upper airway obstruction, recurrent

luryngeal nerve palsy nnd hypoparathyroldism,

Emergency Surgery in Hypothyroid Patient
Intravenous T3 and T4 should be given in severely
hypothyroid patients. As adrenal function is often
decreased steroid cover also becomes must.

ADRENAL DYSFUNCTIONS

Pheochromocytoma

= Preoperalively patient's hypertension must
be stabilized by a blocker; most often used
i5 phenoxybenzamine, Tachycardia must be
controlled by f§ blockers. f# blockers must not
be started before initiating the therapy with
a blocker otherwise unopposed action can
cause malignant hypertension.

o Agents causing sympathetic stimulation
(ketamine, pancuronium, desflurane >6%)

e B




are contraindicated. Sympathetic response
to tntubation must be blunted. Halothane
is absolutely contraindicated because it
sensitizes myocardium 1o catecholamines

s Increase in catecholamines during tumor
handing can cause profound hypertension
and life-threatening arthythimlas.

*  During adrenalectomy glucocorticolds
infusion should be started at the beginning
of the resection of tumor and then continued
in poswoperative period (100 mg/day of
hydrocortisone ] for 1-2 days for unilateral and
36 days for bilateral adrenalectomy,

s After the ligation of tumor vein, abrupt
withdrawal of catecholamines can cause
profound hypotension and hypogtycemia, In
fact, hypotension is the most common cause
of deark in Immediate postoperative period in
pheschrmomuocytoma patient. Dextrose normal
saline should be started lmmediately after vein
ligation,

Glucocorticoid Excess (Cushing Syndrome)
Glucocorticold excess may be due to exogenous
administration or Increased endogenous produe-
tion, The effects of cortisol, Le. hypertension,
hyperglycemia volume overload and hypokalemia
(mineralocorticoid effect of glucocorticold) must
be corrected before taking the patient for elective
surgery. Due to osteoporosis there is possibility
of fractures during positiuning. Delayed wound
healing and Infections should be expected in these
patients

Glucocorticoid Deficiency

*  Glucocorticoid deficiency may be due o
primary adrenal insulliciency (Addison's
disease) or secondary adrenal insulficiency
due to inadequate adrenocorticotroplc
hormone (ACTH) secretion by pituitary.
Exogenous sterolds are the most common
cause of secondary adrenal insufficiency,

* As exogenous sternlds causes Inhibition
of hypothalamic plruitary axis (HPA) and

recovery of HPA takes | year, any patient who
has taken steroid (prednisone in doses >5
mg/day or equivident) for more thin 3 weeks
by any route, even topical or inhalational)
in lust 1 year must receive intraoperntive
supplementation with hydrocoetisone. 100 mg
of hydrocortisone 8 hourly beginning
on the day of surgery and continued for
24-48 hours is the conventlonal approach
however continuons Infusion at a rate of

10 mg/hour is considered better,
Ftomidaite is contraindicated as It causes
adrenocortical suppression,
Mineralocorticoid Excess

*  [Hypokalemia and hypertension should
be corrected before taking the patients for

surgery.
*  Avoid hyperventilation as alkalosis can couse

hypokalemia,

¢ Sevoflurane should be avoided if there is
hypokalemic nephropathy.

*  Hypokalemia may prolong the block of non-
depolarizing muscle relaxants,

Mineralocorticoid Deficiency

Hyperkalemla should be corrected before taking
the patients for surgery.

PITUITARY DYSFUNCTION
Acromegaly

* The most important concern for acromegaly
patients s difficult airway managemont
due to multiple reasons like prognathism,
macroglassia, overgrowth of epiglottis,
narrowed glottis due to overgrowth of vocal
cords.

o Centrol neuraxial blocks may become difficult
due 1o osteoarthrits of spine.

¢ As oollateral circulation gets compromised
radial artery cannulution should be done only
after adequately performing Allen test,
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Anesthesia for Neuromuscular Diseases

MYASTHENIA GRAVIS

It is an autoimmune disease characterized by
destruction of acetylcholine receptors by the
antibodies against these receprors feading 10
wealness of the muscles.

Anesthetic Management

The myasthenlc patlent most ofteq come for
thymectomy as a part of their treatment,

Timing of Surgery

Elective surgery shoukd be ayoided in acute relapse,
Patient’s medical condition must be stabilized
before considering them for anesthesin. Patients
with signiticant respiratory or cropharyngeal
weskness may even require Intravenous (1V)
immunoglobulin or plasmapheresis.

Preoperative Evaluation

o Other associsted autoimmune diseases shoald
be ruled our.

*  Myasthenic patients may have weakness of
respiratory muscles therefore, evaluation of
pulmonary functions maest be done in detail,

¢ Anticholinesterases (most commonly used is
pyridostigmine ) are the mainstay of treatment
Stopping these drugs can precipltawe the
myasthenic crisis while continuing can
antagonize the effect of muscle relaxants
therefore, anticholinesterases should be conti-
mued In reduced doses

Patlents with advance disease may be on
steroids and immunosuppressants which
should also be continued

* Weakness of respiratory muscles makes
these patients very vulnerable for respiratory
depression therefore, premedication with
benzodiazepines should be avoided,

* A these patients are valnerable for aspimation
prophytasis for aspiration should be taken,

Intraoperative

Choice of Anesthesla

The basic problem of myasthenic patients s that
they exhibit extreme sensitivity to respiratory
depression by anesthetic agents and abnormal
response to muscle relaxants therefore, alm of
anesthesia showld be to avoid general anesthesia
making local/ regional anesthesia as the anesthetic
teciinigue of cholce howeves, all surgeries are not
possible under regonal anesthesia.

General Anesthesia

Monitoring: Other than routine monitoring
neuromuscular monitoring is mandatory,

Induction: As Ftomidate does not causes
respiratory depression it is the preferred induction
agent however, thiopentone and propofol can be
used salely.

Maintenance: The alm should be to avoid
minscle relaxanty. Since myasthenin patients have
weakness of muscles and Inhalutional agents
have got muscle relaxation property therefore,
in significant number of patients it ks possible 10
intubate and maintain the surgical relaxation with
inhalational agents alone.



Desflurane is the maost preeferred inhalational
agent for maintenance because it produces
maximum muscle relaxation among the currenty
used inhalational agents, In the absence of
destlurane, sevoflurane or isoflurane can be
used.

Muscle relaxants: Muscle relaxants should be
used only If inhalational agents are not able to
produce sufficient muscle relaxation. Myesthesnic
patlents are resistant to depolarizers therefore
suxamethonium is required in high doses {2 mg/kg
Instead of 1-1.5 mg/kg) and hypersensitive 10 mor-
depolarizers therefore, only short acting with no
risk of accumulation like mivacurivom, atracurium,
and Cis-arracurium must be used. Long acting like
pancuronium must not be used. The Inital dose
should be 1/3rd to % and further doses tioaied as
per neuromuscular monitoring.

A prolonged block by suxamethonium
and mivacurium is expected in the patient on
cholinesterase inhibitar because they inhibit
pseadocholinesterase however, this prolongation
is not very significant clinically.

As these patients are very prone for respirs-
tory depression only short acting opioids
{Remifentanil} should be used.

Postoperative

Many of these patients especielly who have
significantly compromised pulmonary functions
(vital capacity <4 mL/kg) or on high doses of
pyridostigmine (5750 mg/day) may require
ventilation in postoperative period.

MYASTHENIC SYNDROME
(EATON-LAMBERT SYNDROME)

It is an autoimmune disesse in which antibodies
to presynaptic calclum channel are produced
leading 10 decreased production of acerylecholine,
These patients are sensitive o both depolarizing
and non-depolarizing muscle relaxants.
Reversal requires a combination of anti-
cholinesterase and 4 -aminopyridine.

FAMILIAL PERIODIC PARALYSIS
Hyperkalemic Type

*  Preopemtively normalize potassium levels.
*  Avold potassium containing solutions,
*  Succinvicholine is contramdicared

Hypokalemk Type
Hypokalemic type is mose common,
Avoid anything which causes hypokalemia
like hyperventilation and glucose contaiming
solutions.

*  Non-depolarizers will have prolonged effect.

MUSCULAR DYSTROPHIES

Muscular dystrophies patients are considered
as high risk patients to develop malignant
hyperthermia

Duchenne’s Dystrophy
(Pseudohypertrophic Muscular Dystrophy)
This is the most common type of dystrophy
of childhood, The Involved muscles become
hypertrophied due o facty infiluration {(pseudo-
hypertrophy). It not only Involves skeletal but
cardiac muscies also get involved. Death usually
occurs by 15-25 years of age due to congestive
heart failure (CHF) or pneumonia.

Anesthetic Management

*  Duetoincreased sensitvity 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.

s Due to weakness of laryngeal and pharyngeal
reflexes these patients are prone for aspiration
therefore, should be premedicated with meto-
clopramide and ranitidine,

o Succinylcholine is absolutely contraindicared.
It may produce cardine arrest due to hyperka-
lemia and rhabdomyalysis and can precipitate
malignant hyperthermin.

Due to muscular weakness, non.
depolarizing agent may exhibit Increased
sensitivity therefore, short acting agents with
na possibility of accumudation like mivacurium,
atracurium, cis-atracurium (Mvacirium maost
preferred) should be given with initlal dose
as 173 10 1/2 and further doses titrated as per
acuromuscular monitoring.

«  Asthereis involvement of cardiac muscle, most
cardinc safe, Le. Isoflurane should be the most
preferred inhalational agent. Halothane is
vontraindicated as it can precipitate malignant
hyperthermia.




Myotonia Dystrophica

Itis the most common and most serlous dystrophy
In adults characterized by persistent contracture
after @ stimulus, Contracture may not be relieved
by general and regional anesthesia while local
infiltration in effected muscle may Induce
relaxation.

[he anesthetic management principles are
same as for Duchene muscular dystrophy with
an emphasis that Suceinyicholine is absolutely
contraindicated not only because it can produce

KEY POINTS

hyperkalemia and precipitate malignant
hyperthermia but can alvo induce severe muscle
CONACTUITS.

Mivacurium, atracurium and cis-atracurium
are not only prefesred 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 st any cost

®  For myasthen patent: antikholinestensses should be cantinued In reduced doses

Lecal/egional anesthnesta s tha anesthetic leennigue of choice for myasthen|s grads patents.,
Derfurane & tha mast preferred inhalstions) agent for malntenance 1 myasthena Oravis patiens because

itprodoces maximum musch reliation among sthe curently used inhalatonal agents.

Myssthonc patients 3@ resstant to depolarzers and hypersansitivé 10 nen-depolarasrs

Mivacurium, attacurium, and Cr-at@moutum are safe non-deploanzens for myasthenia gravs patients,
Myesihenic syrdrome patients 3 sensitve to both depolanizing and non-depolariaing muscls nesxants.
Succiryicholing 1y absolutaly contraindcatad for museulsr dysophies 1 miny producs cardiad &1est due 1

hypersalemia and mabdomyolysis and can preciptate malignant hyperthermia in these patients
*  Nor-depolatizer; exhibtt Increased sensitivity in muscular dysbiophies making mivacutium, atracurium,

iy atracutium 1o be safer chokdes,

»  Malathond Is contraindicated in muscular dystophies 5 1 Can pracprane makanant hyporthena,
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Anesthesia for Immune Mediated

and Infectious Diseases

RHEUMATOID ARTHRITIS

It is u disease charactorized by immune mediated
synovitis.

Preoperative Evaluation

o Associated comorbidities like cardiac valvular
lesions, pericarditis, and pulmonary fihrosis
should be ruled o,

o As difficalt atrway Is the most important
concern, airway evaluation should be done
very meticulously.

o  Side effects of disease modifying anti
theumatic drugs (DMARDs), nonsteroidal
antl-Inflammatory drugs {NSAIDs) and coetl-
costerolds should be taken into consideration,

Anesthetic Management

Cholce of anesthesia: Regional anesthesia. Lumbar
spine Is usually not involved in rheumatold
arthritls therefore spinal/epidural can be given
easily.

General Anesthesia

General anesthesia is difficult and risky due to

difficalt fatubation which in tum is due 1o:

o Atlantoaxialinstability: Pattents of atlantoaxinl
subluxation cannol tolerate flexion, Flexion of
neck can cause odontold process to compress
spinal cord leading to quadriplegia. Thetelore,
intubation is best performed under topical
anesthesia with awake patlent. If intubation
has to be done under general anesthesia
then imtubation showld be done with neck in
extension.

«  Stiffness of cervical spine
¢  Temporomandibular and cricoarytenold
arthritis.
Arterial cannulation may be difficult due
to calcified radial arteries and central
venoas cannulation may be difficult due
10 cervical spine hision,

ANKYLOSING SPONDYLITIS

e From anesthesia point of view ankylosing
spoadylitis may tues out to be the most difficuls
case at timwes. Fusion of lumbar spine may
make central newraxiol blocky impossible and
fusion of cervical spine may make intubation
impassible. 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

I'he Involvement of major organs functions
determines the perloperative morbidity in
systemic lupus erythematosus (SLE). Laryngeal
involvement including cricoaryvtenold arthritis
and laryngeal nerve palsy can make Intubation
difficult.

SCLERODERMA

The multiorgan involvernent, particularly pulmo-
nary fibrosis and pulmonary hypertension can
significant effect the perfoperative morbidity.
Small oral apermure can make intubation difficult
Deemal thickening can make intravenous (IV)
cannulation difficulc
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HUMAN IMMUNODEFICIENCY VIRUS
AND ACQUIRED IMMUNODEFICIENCY

SYNDROME

Due to Involvement of multple organs all
human immunodeficiency vicus {HIV) positive
patients are categorized as American Soclery of
Anesthesiologists { ASA) grade 11 while patients
with acquired immunodeficiency syndrome
{AIDS) are categorized as ASAII/IV

Side effects of highly active antiretroviral
therapy (HAART) including diabetes, coronary
and cerebrovasculur disease, devunged lver
function must be ruled out in preoperative

period. The patients who have started HAART
within 6 months of surgery suffes more from
perioperative complications.

CD4 count and viral load do affect the
overall prognosis afrer surgery but has rot
found 1o (ncrease the pertoperative anesthetic
complications

Regional anesthesia can be given safely if there
are no associated newropathies,

Fat redistribution around the neck can make
intubation difficult.

Maintaining wniversal precautions and high
degree of asepsis during any procedure is
vital

KEY POINTS

Dor to atlantoaxial instaleiity mTubation in patlents with meumatoid arthvits shoukd be performed with neck

it extenson

In paviants with ankyiosing spencyitls fusion of lamber spine méy make cential necrasdsl bocks impossible
and fusan of cervical sping may make intubation impassble,
COM count and Wit! load ¢o notdetermine the rite of peroperative anesthetic caomplications
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Anesthesia for Disorders of Blood

ANEMIA

The most commeon anemia encountered in clinical
practice in India is microcytic hypochromic due
10 fron deficiency,

Preoperative Evaluation

One of a very important goal for preoperative
evaluation is to find our the cause of anemia as
it can affect the choice of anesthesla.

Systemic efiect of anemla particularly hyper
dynamic clrculation, which can lead to cardiac
failure, must be ruled eut.

The most appropriate minimum hemoglobin
atwhich patient can be safely taken for surgery
is very difficult to define as there are number
of compounding factors which elfects the
outcome in anemia patients like type of the
surgery, chronicity ol 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 (s considered optimal to
accept the patient for elective surgery.
Correction of anemia can be done by treating
the couse, dotary modifications, medications
(iron, folic acid, vitamin B} or blood
transfusion depending on the severity of
anemis and avallability of tme before surgery

Intraoperative

Blood loss should be minimized by adequate
hemostasis or controlled hypotension.

Maximum allowable blood loss is calculated
by the following formula:

Hemitocorit of padent -
desitubie bematocrit
(asually 30) + Mood volume
Hematocrit of patiest — (80-90 mL/kg)

For example, allowable blood loss for & 70 kg
patient with hernoglobin of 12 g will be:
Patient hematocrit - 12 x 3 = 36

Desired hematocrit- 30

Blood volume - 70« 85 =5950 L

Allowable blood Joss = x 5950 = 991 ml

Consldering the complications associated with
blood transfusion, the approach in present
day practice is towards the minimum use of
blood products (called as restrictiow approach
to transfusion). The general guldelines for
transhusion are:

Blood loss greater than 20% of blood volume
(however, the correct approach is calculate
the allowable blood loss by above said
formulz) or hemoglobin level less than 8 g%
ln normal patient and less than 10 g% in a
patient with major desecase like Ischemic hean
disense.

Choice of Anesthesia

Regional anesthesia can be given safely however,
due to possibility of neurological deficits regional
anesthesia should be avoided for vitamin B,
deficlency anemia.



General Anesthesia

¢ The factors which can shift the oxvgen
dissoclation curve 1o left (especially alkalosis
caused by hyperventlation), which increases
the oxygen requirement like shivering or
which decreases the cardiac output should be
avolded.

* As nitrous oxide can cause megaloblastic
unemin therefore, should be avoided for
vitamin B, deficiency anemia.

+ Increase uptake of inhalutional agents is offset
by increased cardiac output seen in anomia

patients.

SICKLE CELL DISEASE

There 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

‘lbe major goals of preoperative evaluation are:

1o assess the pulmonary (Including acute
chest syndrome), renal, splenic and cerchral
damage caused by vasoocculsive eplsades

«  Frequency of vasoocculsive eplsodes including
the time lapse since last episode, Patienss in
acute crisis phase must rnot be taken for elective
SIrgery.

o Very commonly practiced policy of bringing
HES level to less than 50% by exchange
transfusion does not hold valid now a days. The
aim In caovent day practice is fust to correct the
anermia by gieig red coll transfusion with the
target hematocrit > 30 (Hemoglobin > 10 g% ).

o The most imporian! perioperative goal is

te avaid the factors which can precipitate
sickling. te. hypoxin, acidosis, dehydration,
hypothermia, stress and pain.
To avoid dehydration intravenous fluids
should be started in preoperative period, To
avoid stress and anxdety these patients must be
premedicated with benzodiszepines.

Intraoperative

Choice of anesthesia: All vegional blocks can be
given safely. The old recommendation of not ghilng
intravenous reglonal anesthesia (Bler's block) to

sickle cell patients does not hold true in current
day practice. Bier's block was not possibie In
sickle cell patients because use of tourniguet was
contraindicuted however as per current guldelines
tourniquet can be used safely In sickle cell
patients in spite of & litde higher complications. To
minimise the complication it is recommended
use tourniguet for minimal period with minimal
possible pressure,

The factors which precipitate sickling must be
areided at any cosL

Postoperative

As pain can precipitate sickling, postoperative
pain control becomes vital in these patients. Acute
Tung syndrome usually ocours after 48-72 hours in

pustoperative period.

THALASSEMIA
The patients with thalassemia minor are not high
risk while with thalassemia major are high risk
patlents for perioperative morbidity and mortality.
Other than the severity of anemia it is
important 1o assess the organ involvement like
hepatosplenomegaly, skeletal Involvement,
congestve heart fallure and consequences of iron
overload tike cirrhosis
Skeletal abnormalities of maxilla (maxillary
overgrowth) can make Intubation difficulit.

POLYCYTHEMIA

+  Reduce hematocrit to <45 and platelet count
(usually assoclated with polyeythemia) to
less than 4 lakhs before taking the patient for
elective surgery,

« The patients with polycythemia are not only
at high risk of thromboembaolic complication
but aiso at increased risk of bleeding due
to decrease von Willebrand factor seen in
polveythermnia,

DISORDERS OF HEMOSTASIS

Disorders of Platelets

Thrombocytopenia
Platelet count of > 50.000/mm’ {s recammended
before considering for surgery. Howevet, for minor
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surgeries where no blood loss Is expected & count of
30,000 may suffice. Neurosurgical patients cannot
be considered for surgery if their platelet count
Is <100000. Symptomatic patients {spontancous
bleeding) irrespective of thelr 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 neuraxial blocks, Platelet count
between 50,000 and 80,000/cubic mm is a relative
contraindication while count fess than 50000 is an
absolute contraindication

Disorders of Coagulation

Coagulation Deficiency Disarders

The deficit factor should be increased 1o at lease 50%
of the normal before considering the patient for
sirgery by administration of fresh frozen plasma,
cryoprecipitate or recombinant factor.

Choice of anesthesia

s  Regional ancsthesia is contraindicaled,

*  Totramuscular route should be avoided.

o Insudration should be performed by expert hand
with minbmum trawmna, otherwise there 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
protein S deficlency should be corrected in
preoperative pertod by fresh frozen plasma,

Cemral nevuraxtal WMocks are preferred becanse
they decrease the incidence of thromboembolic
complications (due to increase blood in lower limb
and pelvic veins).

All prophviaxis against deep venous throm-
baosis [DVT) should be started s early as possible.

G6PD DEFICIENCY

The anesthetic management of these patients
includes assessing the severity of anemia and

avoiding the drugs and conditions which can

trigger hemolysis in G6PD deficlent individuals,

The drugs and condittons which can trigger

hemaolysis in perioperative perlod in these patients

include:

*  Diazepam; interestingly, midazokam is sale,

« Isoflurane and sevoflurane,

«  Drugs which can cause methemoglobinemia
can cause significant hemolysis in these
patients. Therefore, prilocaine, benzocaine,
lignocalne and nitroglycerine should be
avoided.

«  Methylene blue: Administrating methylene
blue 10 these patients can be life threatening,

= Acidosis, hypothermia, hyperglycemia and
infection can trigger hemolysis therefore, must
be avoided throughout in these patients.

PORPHYRIA

Drugs which induce aminolevulinie wcid
synthetase can precipitate all kind of porphyrias
except porphyria cutanes tarda and erythropoietic
protoporphyrias. Drugs used in anesthesia which
Induce aminolevulinic actd symthetase and hence
can precipitate all kind of porphyrias (except
porphyria cutanea rarda and erythropoietic
pmmmtph)'lus) are:
Barbiturates (Thiopentone/ Methohextone )—
Almolutely contraindicated.

o Diazepam. etomidate, pentazacine—Should
be avoided.

« [Inhalational agents, ketamine, non-depolari-
zing muscle relaxants—although safety has
not been established however, unlikely w0
precipiute porphyrias

«  Fasting dehydration and infection can trigger
acule crises,

* Regional anesthesia should be avolded
in the porphyria patients with peripheral
neuropathy,

«  Prapofol, oplolds, suxamethonium are
considered as safe agents,

KEY POINTS

*  Minimum hemoglobin of 8 g/dL & consderad opnimal 1o accent the patient for Eecave surgary,
= Considening the complications 355009760 with blood transfysion, the 3ppraach i presant day pracsce i
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Subspecialty Anesthetic
Management







Neurosurgical 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 st constant level by sutoregulation
when mean arterial pressure s between 60 mum Hg
andd 150 mm Hg.

Cerebrnl Ischemis, head Injury, hypercarbia,
hypoxia, brain edema and inkalational agents can
abolish this autoregulatory mechanism

Cetvbnl bload flow Is effected by:
Cerebral metabolic rate

o Blood pressure (outside the fimits of auto
regulation)

o« pCO, (pH): Each mm increase in pCO, above
40 mm Hg increases CAF by 15-30 mL/min

o pO; Increases CBF only Iif pO, is below
60 mm Hg

o Anestherics: All Inhalational agents, ketamine
and opioids increase CBF while barbiturates,
propofol, etomidate and benzodiazepines
decreases the CBR

Cerebral Metabolic Rate

Couples with cerebral blood flow. Hyperthermia,
seizures increase the cerebral metabolic rate
(CME) while hypothermia and anesthetics
decreases the cerebral metabolic rate,

Intracranial Tension

Intracranial tension (1ICT) reflects relationship
between volume of intracranial contents and

crantal vault. Normal 1CT is 10-15 mm Hg. 1CT
> 20 mm Hg is significant and needs aggressive
reatment,

Signs and Symptoms of Raised ICT

Headache, vomiting, altered sensorium, hyper-
tension and bradycardia (Cushing reflex), papll-
ledema, seizures, apnea, unconsciousness and
death (at vory high ICT) and midline shilt > 0.5 cm
on computed tomography (C1) scan,

Methods to Decrease Intracranial Tension

o Hyperventilation: It 1s the mast rapid method
of reducing ICT. Hyperventlation reduces
the [CT by causing hypocapnla which in tum
causes cerebral vasoconstriction 1o decrease
the producton of cerehraspinal fluid (CSF).
Moderate hypocapnia is beneficial howeves
excessive hypocapnia by causing excessive
cerebral yasoconstriction can cause cerebeal
ischemia therefore it is recompiernded 1o main-
tain pCO, betuween 25-30 mm 1g.

o Hyperasmotic drugs:

Mannitol, urea and hypertonic saline:
Among these agents most commonly
used s mannitol. These drugs are
retained In intravascular compartment
increasing plasma osmolarity, drawing
water from brain tssue decreasing
brain edema however, If blood hrain
barrier Is disrupted (head injuries,
stroke) these agents can enter the brain
tissue increasing the cerebral edema.
Therefore, the ugwe of mannitol in head
injury and stroke should be judicious.
Mannitol should be repeated only if there



is clear evidence for decrease in ICT or
Improvement in surgical conditions after
1st dose.
*  Diuretics:
Furasemide: 1t 1s very effective methaod
of rectucing 1CT particularly when blood
brain barmer is disrupted,
»  Steroids:
Dexamethasone
Methylprednisolone
The exact mechanism by which steroids
decrease the ICT is not clear; probably they
dct by membrane stabilization or reducing the
production of CSE
o Barbiturates: Thiopentone by causing cerebiral
vasaconstriction is effective in decreasing the
production of CSF and hence ICT.
¢ Posture: Head up positlon by Increasing
venous drainage decreases [CT. Neck flexion
by compressing jugular veins can increase 1CT.
* OSF drainage; 1f ICT Is not controlled by
conservative measure it should be drained
through ventricles {never through lumbar
puncture, brain hemiation can even cause
death).

Pharmacology

Effect of anesthetic agents on cerebral blood flow
(CBF), cerebral metabolic rate (CMR), cerebral
oxygen consumption (CMO,), CSF dynemics and
intracranial tension (1C7T):

inhalational Agents

o Al inkalational agents (including nitrous
axide) Increases the cerchral blood flow and
hence ICT, The order of vasodilating potency
Is- halothane >> Desflurane = Isoflurane >
Sevoflurane,

¢« All inhalational agents produce dose-
dependent reduction in cerebral metabolic
rate and cerebral oxygen consumption
(CMO,). Isoflurane and Sevoflurane can
decrease CMR up 10 50%,

« Halothane and desflurane have unfavorable
effect on dynamics of CSF {increases produc-
tion and decrease absorption). Sevoflurane has
no effect while isoffursne has favorable effects
on dynamics of CSF (increases absorption ).
Due to mare favorable effects on cerebral

hemodynamics (cerebral blood flow and 1C1),

better presesvation of autoregulation, eguivalent
reduction in cerebral metabolic rate and smoother
recovery sevofiuranc Is preferred over isoflurane as
an inhaiational agent of chotce for neurosurgery in
current day anesthetle practice.

Intravenous Anesthetics

¢ Barbiturates, propofol, etomidate and
benzodinzepines decrease CBE, CMR, CMO,
and ICT, Barbiturates are most potent in this
aspect.

*  Opividsdecrease CMRand CMO, but Increases
CBF (directly acting cerebral vasodilator) and
hence ICT This increase in CBF is significant
when blood brain barrier is disrupted,

*  Ketamine increases CBF and ICT very
significantly {up to 60%). Ketamine also
mcreases CMR and CMO,,

Muscle Relaxants

o Succinylcholine increases the ICT
* Non-depolarizing muscle relaxants do not
cross the blood brain barrier,

Local Anesthetics

Lignocalne decreases CHE CMR, CMO, (bur at
toxic doses it can induce sebzure and can Increase
CMR),

Vasopressors

(Mephentermine, Ephedrine, Epinephrine)
Increase CBF indirectly by increasing cerebral
perfusion pressure.

Vasodilators

Increase CBF and [CT by causing direct cerebral
vasodilatation.

GENERAL CONSIDERATIONS
IN NEUROSURGICAL PATIENTS

Fluids

Tt ts difficult to determine the most ideal fluid for
neurnsurgery, As hyperglycemia can precipitate
cerebral edema therefore, Glucose containing
selutions should be avoided, Ringer lactate is
hypoosmolar therefore, in large quantities can
aggravate cerebral edema. Normal saline is large
quantitles can cause hyperchloremic metabolic



acidosis. Therefore, the best policy is to alternate
rineger and pevrnal saline liter by liter.

The concern of colloids crossing disrupted
blood brain barrier in head injuries or inracranial
hemorthages aggravating the cerebral edema 1s
mare theoretical, therefore, if necessary colloids
can be safely used for resusciration, however, thels
use should be limited because of thetr property to
Inhibir coagulation.

Hypothermia
The role of mild bypothermia is only restriced to

the surgeries ot high risk of ischemia. Rowtine wse
of hypothermia is mon reconumended.

Glycemic Control

Both hyperglycemia as well as hypoglycemia can
be detrimental therefore, blood sugar stiould be
best maintained between 140 and 180 mgS,

Monitoring

e Most inportant is Copnography. Hypercapaia
15 the most potent cerehral vasodilator

therefore, can significantly increase the ICT
Moderate hypocapnia (pCO, bétween 25 and
30 mm Hg) is beneficial by decreasing ICT
however excessive hypocapnia (pC0O, < 25 mm
Hg) can cause cerebral ischemia,

*  Pulse oximetry: Hypoxia should be avelded
as it Increases ICT by causing cerebral
vasodilatation,

o  Continwous (Invasive) blood pressure: As
autoregulation is olten impaired in patients
undergoing neurosurgery, cerebral perfusion
pressure {CPP) becomes directly dependent on
mean arterial pressure (MAP]. Hypertension
can increase ICT and hemorrhage while
hypotension cun cause cerebral ischemin. The
wlm should be to mailntain CPP (MAP-ICP)
betwwen 70 and 100 mm Hg not only in intra-
operative perlod but also in post-operative
period for at least 2-3 days.

To get CPP the rransducer should v zeroed
it the level of external awditoey meatus not st
right wrial level,

o Central penous pressure (CVP): CVP monitor-
Ing Is needed onty If large fluctuations In
hemodynamics are expected. The concern
of decreasing venous return and therchy
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increasing ICT with jugualar venous calcalstion
only appears to be theoretical.

o Intracranial pressure (ICP): [CP monitoring
may be required if 1CP is highly elevated
and not getting controbled with conservative
measures,

Emergence

Smooth emergence, (e emergence free of coughing,
straining, and hypertension &5 must in neurosurgical
patients. Coughing or hypertension during
extubation not only significantly increase the 1CT
hut can wlso cause massive bleeding, The best
possible methods to achieve smooth emergence
is 10 inject lignocaine before extubation, continue
inhalational (ar least N,O) till dressing is over and
use [§ blockers (Esmaodol, Labetalol) if necessary.

ANESTHESIA FOR CONDITIONS WITH
RAISED INTRACRANIAL TENSION

Usual conditions encountered with ratsed
intracranial tension are:

o Intracranial space ocoupying keslans (1SOT).

o Head injuries.

¢ Cerebrovascular accidents.

Preoperative

If the patient Is on steroids they must be
continued and if not then sterofds must be started
i preoperative peviod for ISOL but not for head
infury; preoperative steroids in head injury may
prove 1o be detrimental. For edema due 1o 1SOL
24-48-hour course ol dexamethasone, 10 mg
intravenously or arally every 6 hours, is optimal.

Intraoperative

Interventions to decrease intracranial tension
showld be instituted at the earfiest. Hyperventilation
should be started even from mask ventilation,

Choice of Anesthesia

Central neuraxial blocks are absolutely contra-
indicated in raised ICT.

Genersl anesthesia:
Premedication should to be avosded.

Induction: Although Thiopentone has more
favorable effect on CMR and 1CT than propofol
baut still due to shorter half-life propofol is preferned
aver tUopentoe for induction.
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Intubation: Intubation can significantly increase
the ICT therefore, response 1o laryngoscopy and
intubation must be blunted with lignocaine,
adequate depth and § blockers.

Succinylcholine Increases the ICT however,
the increase is transient and can be revered with
hyperventilition therefore Suxamethonium is not
absolutely contraindicated for newrosurgery and
can be safely used if there is clear Indication like
rapid sequence induction or possibility of difficult

alrway.

Maintenance: Oxygen, nitrous oxide and sevo-
Surane. Howevey, if 1CP 15 100 high to be controlled
or surgical fiedd is oo tight that Inhalational agens
should be avoided and anesthesia is maintained
on [V agents.

Additional Considerations for Head Injury

Surgeries usually done are for drainage of
extradural/subdural hematoma or for intracranial
hemorrhage.

Management of head injury beging from
emergency room. Itincludes:

o Management of airway: All patients of head
injury should be assumed to be having
cervical injury {incidence up to 15%) untl
proved otherwise and alrway is to be managed
accordingly (for management of cevvical injury
swe Chapter 5. page 1o, 56},

» Hreathing: Hyperventilation to be instituted
al the earllest. Nasal tntubation stould nor be
performed unless hasal skull fracture s been
ruled out.

o Clreulation: Hypotension associnted with besd
injury is usually due to bleeding from other
sites. Control of bleeding and management of
hypotension takes priority.

«  Rule out other major injuries Hke chest,
abdominal or pelvic injuries and fracture of
long bones.

o As DIC is commonly associated with head
injury due to release of brain thromboplastin it
must be ruled out in preaperative peclod.

o Assessment of neurologic status: The best
methed for assessing neurologic status is
modified Glasgow coma scale which includes:

Eye opening Score
Nil 1
To pain 2

To speech
Spontaneously
Besi motor response
None
Extension
Decorticate flexion
Withdrawal
Localizes pain
To verbul command
Best perbal response
Nil
Incomprehensible (garbled) sound
Inappropriate words
Confused
Ornented
Normad score is 15/15, Severe head njury Is
stated 1o be present if score is 7 or less and 1f
persist for more than 6 bours is associated with
more than 35% mortaliy.
*  Number of times these patients may not be
fasting requiring rapid sequence Induction.
*  Acute rise in 1CT {>60 mm Hg) may cause
irreversible brain damage or death in heid
Injuries,

Additional Considerations for
Posterior Fossa Surgery

Patlents undergoing posterior fossa surgeries can
have the following additional complications:

-
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Venous Air Embolism

Posterior fossa 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, air from
wtmosphere 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
craniolomies however, fortunately the incidence
of clinically significant VAE is very less. The major
partion of the air gets absorbed through pulmonary
circulation. VAE can become clinically significant if
the volume of erdertgined air > 100 ml (however
death has been reported with as low s 5ml ol alr)
or cun be devsstating If it becomes paradoxical,
Lt reaches left side of circulation (usually through
patent foramen ovale). Paradoxical embalism can
cause coronary block causing cardlac arrest or
verebral block causing massive infurcts,




Diagnosis:

o The most sensitive tool to detect VAE is trans-
esophageal echocardiography (TEE). It can
detect as low as 0.25 mL of atr. Other advantage
of TEE 1s that (f can mreasiere the quantity of air,
diagnose paradoxical embolism and can assess
cardiac function,

o Precordial Doppler: 11 is less sensitive than
TEE.

o End tidal carbon dioxide (ETCO,): Sudden
drop In ETCO, values after the opening of dura
strongly suggests venous mr embolism,

¢ End tidal nigrogen: Sudden increase in end
tdal nitrogen is more specific for VAE,

¢ Alveotar dead space, pulmonary artery
pressure and CVP can Increase due to block-
age of pulmonary clrculatlon.

s BCG may shows arrhythmias,

o Clindcal signs:

Hypotension
Tachycardia
Cyanosis
Mill wheel nuermur
Cardiovascular collapse
Clinical signs appear late in venous air

To conclude, the sensitivity of various tests for
detection of air emboliam in decreasing order is:

TEE — Precordial Doppler — PAP, ETCO,, ET
nitrogen — CVP — BOG —» 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,

« Cardiopulmonary resuscitation, if cardiac
arrest has occurred.

o Aspirate air through right atrial catheter (CVP
catheter). That is why putting a CVP catheter
mikes sense in posterior fossa surgery.

»  Bilateral jugular venous compression and
Trendelenburg pasition: These mancuvers
by increasing cerebral venous pressure will
decrease air entralnment. Same way, positive
end expiratory pressure (PEEP) will also
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 1o be managed with inoropic
support like dopamine or dobutamine,

«  Treat arrhythmias

«  Treat bronchospasm,

o Left lateral position (right chest up) to keep the
air on right side of heart is now recommended
only if right to left shunt Is suspected.

¢ Hyperbaric oxygen to reduce size of alr bubble.
1t is helpful if transfer to hyperbaric chamber is
done within 8 hours,

Pneumocephalus
Like venous air embolism the incidence ol

pneumocephalus is high in sitting position, Once

pneumocephalus develops air may remain in
cranlum up 10 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 tum out o be
fatal events.

Obstructive Hydrocephalus
Infratentorial masses can obstruct CSF flow
leading 1o massive Increase In [CT.

Additional Considerations for
Stroke/Surgery for Cerebral Aneurysms

The patients after hemorrhagic stroke may come
for emergency surgery for removel of clot or for
control of bleeding or they may be posted for later
date for aneurysmal clipping 10 prevent rebleeding
or for carotid endarterectomy (CEA) 1o prevent
another ischemic stroke.

Timing of Surgery
o Emergency surgery has 1o be conducted with
the following considerations:
Blood should be avallable

Intracranial tension should not be
reduced rapidly, Sudden shrinkage of
brain may remove the tamponade effect
causing re-bleeding.

Avold hypertension (can cause re-
bleeding) as well as hypolension (can
Giuse ischemia)

Cardiac evaluation and ruling out
syndrome of inappropriate antidiuretic
hormone (SIADH) or salt wasting



syndrome is must in patients with

subarachnoid hemorrhage
If early intervention is not feasible due to any
reason then swrgery showld at least be delayed
for 2 weeks to aveid the period of maximal
raxespasoe eisk (d-14 days). Surgeties done
in this period carries high morbidity and
maortality, Ificks mandatory to do surgery in this
perlod than “Triple H” therapy (hypervolemia,
hypertension and hemodilution) should be
added to nimodipine for the treatment of
vilsospasm.
Hypotensive anesthesia which used to be the
cornerstone of aneurysm surgery is hardly
used in current day anesthesia practice.
Studies have shown that 6 weeks after a
stroke there occurs reasonable recovery
of autoregulution, blood brain barrier and
CO, responsiveness therefore, Carotid
endarterectomy (CEA) can be undertaken
after 6 weeks. Delaving CEA surgeries beyond
6 weeks carries the risk of re-infarction.
Other dlective surgeries should be deferved for
S maonths after cerebrovascular accldent. The
possibility of serlous complications including
another stroke, heart attack or even death
remains significantly high up to 9 months The
oddds of complications ure stabilized at 3 umes
after 9 months,

ANESTHESIA FOR AWAKE
CRANIOTOMIES
(STEREOTACTIC SURGERY)

Sterectactic surgeries are done for treating
lnvoluntary movements (Parkinsonism),
Intractable pain syndromes and epilepsy,

The surgeon need awake patient to locate the
exact [ocus

Neuroleptanalgesia which used to be very
popular technigue in past is not used now a2
days due to QT prolongation (precipitating
polymorphic ventricular tachycardial seen
with droperidol. The most commonly used
technique used now a day Is Asleep-punike-
asteep”. In this technique, patient s given
anesthesin with short acting agents (Propofal,
dexmedetomidine, remifentanil, ete.) for the
painful part of craniotomy (reaching up to
dura) 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 all neurclogical deficits in
preoperative sheet to avoid medicolegal
litigations.

Assess cervical movements in all planes if the
disease involves cervical spine.

The major concerns of spine surgery are relaed
1o prone positon (for camplications related to
prone posttion we Chapter 14, page no, 146),
excessive bleeding and possibility of neural
damage, The assessment of neural lunctions
should preferably be done by monitoring-
evoked responses. However if that facility is
not available then keep the patient awake and
avold muscle relaxants during the crucial steps
which can cause neurological damage.

KEY POINTS
s Al inhalsional agents inhibit autoregulstion of cesebrat Blood flow while it remains largely peeserved with

most of the intravenous anesthetcs

OO, shouks be maintained between 25-30 s HY 10 achieve optimal hypocaoni
Hypeiodmolar drugs ki mannitol sre ot sbsalusely contrandcated in darupted blood brain barriat lie head

Irury ¢ stroke howeve s, should be used udciously

A inhalational 2gents (Including nitroys ouide) mcrease he cotebiral tivod flow and ICT The cedér of
wedilting patency is- Rakahiane > >Desflurane = ofluransSevoliure
Bue to more favarable ghiects devoliurane 15 preferrad oves eflurane as.an Inhalationat agent of choke I

neyroturgeTy In eurent day anesthetic practice.
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Anesthesia for Obstetrics

There are considerable physiological changes in
parturient which can significantly increase the
miaternal morbidity and mortality,

PHYSIOLOGICAL CHANGES
IN PREGNANCY
Cardlovascular System
« Intravascular
fluid volume T by asw
o Cardiac output 1 by s0%
«  Systemic vascular 4 by 15%
resistance
«  Heartrate Tby15%
«  Blood pressune + by 5-20% ( Diastolic
decreases more than
systolic)

T Increase; 4: Decrease

The clinical Implication of cardiovascular
changes is that pregnant patients are morge
vulnerable for cardiac fallure due to hyperdynamic
circulation.

Respiratory System

Tidal volume T by 40%

Respiratory rate T by 10%

Minute ventilation T by 50%

Functional residual 4 by 20%

capacity (FRC),

Expiratory reserve (FRC, ERV and RV

volume {ERV) decreases due to

and residual gravid uterus causing

volume (RV) diaphragmatic elevation
and basal atelectasis)

Vital capacity No change

Oxygen consumption T by 20%

Blood gases
pO, T by 10 mm Hg (Due to
hyperventilation)
peo, 4 by 10 mm Hg [due to
hyperventilation)
pH No change (due to
compensation)
1! Increase; «: Decrease
Anesthetic Implications of
Respiratory Changes

*  Due to lncrease minute ventilation the induc-
tion with inhalational agents may be faster,

*  Due 1o decreased FRC, ERV and Increased
oxygen requirement pregnant patients are
more vulnerable for hypoxia therefore,
preoxygenation is must.

= Due o capillary engorgement in upper airwirys
chances of trauma and bleeding during
Intubation are high.

Nervous System

o Progesterone decreases the minimum alveolar
concentration by 25-40% making pregnant
patients more susceptible to anesthetle 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
o spread higher making pregnant patients
more vulnerable for high spinal. Therefore, 10
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 move vulnerable
Jfor post-spinal headache.

s Due to decreased epidural space chances for
accidental dural puncture is high after epidural
in pregnant patients.

Gastrointestinal System

Parturients are wery valnerable for aspiration
{sometimes they can even aspirate spontaneously
called as Mendelson syndrome) due ta the following
TEasONs:

* Gastric emptying is delaved due 10 proges-
terone,

* Gravid uterus alters the normal gastro-
esophageal angle making lower esophageal
sphincter (LES) to become incompetent.

*  Progesterone relaxes the LES.

*  Gasiric contents are more acidic,

Anesthetic Implications

Pregnant patients are so vulnerable for aspiration
that all pregnant patients should be considered full
stomach even If they are fasting for more than
8 howrs and must be managed ke a high risk case
Jor aspiration.

Hematological System

Pregnancy 15 a hypercoagulable state due to
increase in factor fand factor VIL Increase in plasma
volume causes dilutional thrombocytopenia and

physiologic anemia of pregnancy.
Leukocytosis without infectlon is common In

pregnancy.

Anesthetic Implications

Pregnant patients are more vulnerable for
thromboembolism. Excessive thrombocytopenia
(platelet count < 80,0000) may deter the anesthetist
1o give central neuraxial 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 positlon gravid uterus can compress the
inferior vena cava and aorta decreasing the cardiac
output cousing supine hypotension syndrome
(SHS) which this can cause serere hypotension or
even cardiac arrest after spinal anesthesia.

To prevent SHS the pregrant patient should lie
in lefi Iateral position which can be accomplished
by putting a 15* wedge under right buttock or
by tlting the delivery table by 15° to left or by
manually displacing the uterus to lefi,

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
(IPPV) during GA, inhalatonal agents, IV agents
(Thiopentone and Propofol) or causes maternal
vasoconstriction (vasopressors) or increases
uterine twne {(ketamine) can decreases the
maternal flow and hence placental blood flow
compromising the fetal wellbeing,

TRANSFER OF ANESTHETIC DRUGS TO
FETAL CIRCULATION

ANl anesthetic drugs except muscle relaxants
(only gallamine has significant transfer) and
glycopyrrolate can be transferved to fetus from
maternal cirendation. Therefore, ll drugs should
be used In minimum concentration and dosage.

A large fraction of drug reaching the fetus is
metabolized by fetal Liver (75% of umbilical vein
blood flows through liver) therefore less drug
reaches to the vital structures like brain and heart
However, drugs like focal anesthetics and apiolds
can get aeewmilated in fetus, Local anesthetics
and oploids are bases: they crosses the placenta
in unionized form, become lonized in fetal
circulation (due 10 low pH) and cannot come back
to maternal circulation leading to thelr trapping
(called as ion trapping) and accumulation in
fetus.

ANESTHESIA FOR CESAREAN SECTION
Regional anesthesia is preferred over general
anesthesia,




Advantages of Regional {Spinal/Epidural)

over General Anesthesia
o Risk of pulmonary asplration {wheich is 4 times
mare in obsterrics) can be avoided,

« 'The possibllity of falled (ntubation {which Is

8 times more in obstetrics) can be avolded
Because of pulmonary aspiration and falled

intubation the mortality In obsteteics during
general anesthesia (GA) is twice as compared ro
regional anesthesia,

e Effect of anesthetic drugs on fetus can be
avoided.

*  Awake mother can interact with her newborn
immedintely after surgery,

« High inspired concentration of oxygen to
maother can be delivered.

Disadvantages

* Increase procedure time makes spinal/
ephidural unsuitable for emergency situations
like severe fetal distress,

« If hypotension Is significant, ir can compro-
mise fetal clreulation.

o Pregrnant patients are mare iminerable for high
spinal and postspinal headache after spinal
and accidental dural puncture after epidural.

Anesthetic Considerations

*  During cesarcan there occurs handling of
gut and mesentery therefore leeswl up to T4 is

* As the pregnant patients are very valnerable
for high spmal doses of local anesthetic should
be reduced lry 30-40%.

o Leftlateral tit should be malnuined w preveny
supine hypotension syndrome,

*  Hypotension can compromise fetal wellbeing
therefore should be aggressively treated by
fluidsandvasopressors. However, disadvantage
of vasopressors is that they not anly produce
vasoconstriction in maternal circulation bt
also in weroplacental bed compromising
fotal circulation except ephedrine which does
not produces significant vasoconstriction
in uteroplacental bed. Due to this reason
Ephedrine had abwiys been the vasopressor of
cholce o pregnancy however, recent human
trials have shown phenylephrine o produce
less fetal acldosis than ephedrine making
phenvlephrine as a preferred vasapressor

aver ephedrine in pregnancy in current day
anesthetic practice.

*  Onset of epidural 1akes a long time (15-20
minutes) therefore it is reserved for elective
cases only or for specific conditions like
pregnancy-induced hypenension (PIH)

General Anesthesia for Cesarean Section

GA s usually glven for fetal distress when there is
no time to given spinal or if there is contraindi-
caton for spinal anesthesia

Premedication

Al pregnant patients must be considered full
stomach irrespective of their fusting status and
must be managed (ike rapid sequence induction.
Therefore, they must be premedicated with
metoctopramide, sodivm citrate (to neutralize pH)
and ranitidine,

Induction
As induction is rapid sequence where bag and
mask ventilation is contraindicated, preoxygen-
ation becomes must. Due to dice emergency i i
is ot possible to preoxygenate for 3 minutes then
patient must be asked to take 3-4 deep hreaths with
[0S axygen 48 an alternative o preogygenation.

Thiopentone had been the induction agent of
choice in the past as propofol safety had not been
proven in newborns however, now it is seen thit
a1 the doses used lor induction Propofol does not
affect the APGAR therefore can be safely used in
pregnancy. Ketamine appears a good choice as it
preserves upper airway reflexes however, generally
avoided because of its hallucinogenic side effects
and tendency to increase wterine tone at high
doses,

Intubation Is done with suxamethonium while
assistant applies the cricoid pressure, Anticipate
difficult intubation due 1o alrway edema

Maintenance

All Inhalational agents In current use can relax
the uterus In sume magnitude and can cause
postpartum hemorrhage (PPH) however it has
been seen that at concentration less than half
minimum alveolar concentration (MAC) they
do not produces significant uterine relaxation
therefore can be used safely in concentration
<0.5 MAC. Traditionally isoflurane had been most




preferred because of Its cardiac stability however
sevollurane and desflurane are equally good
alternatives,

Opioids can be given only after the delivery of
baby. All muscle relaxant excopt gallamine can be
used safely,

Anesthetic Considerations for Cesarean
Section in Patients with Pregnancy-
induced Hypertension/Preeclampsia

Before giving central neuraxial blocks it Is
important to rule out HELLP syndrome,

Anesthesia of Choice

Anesthetic technigue of cholee is epldural. DIfficult
intubation due to laryngeal edema can make GA
to become risky. As PIH pavents are hypertensive
they are more prone [or hypotension bowever, I
necessiary spinal can be given 1o PLH patients

If the patient is having HELLP syndrome
then epidural also becomes contraindicated and
patient recelves GA Instead of Jaryngeal edemu

General Anesthesia
o As smated above intubation can be difficult due
1o laryngeal edema,

¢ Attenuation of cardiovascular response
to intubation must be blunted, otherwise
intracranial hemorrhage can oceur,

¢ Many patients are on magnesium whick can
patentiate the action of muscle relaxants ov
can cause respirstory or cardiac arrest at tuxic
tevels.

o I the patient presents with active selzures
(eclampsta) Induction should be done with
thiopentone {anticonvulsant} and followed by
genersl anesthesia in same way as lor cesarean
patient.

Anesthetic Considerations for Cesarean
Section in Patients with Heart Diseases
The anesthetic considerations in patients with
heart diseases depend on the existing leslons and
the management Is guided by the same principhes
applicabke for cardiac patients. For example, in
pationts with sovere fixed cardiac output lesion like
mitral or sortic stenosis central neuraxial blocks
should be avoided. Pregnant patients are more
vulnerable for cardiac fatlure than nonpregnant
patient,

LABOR ANALGESIA
(PAINLESS LABOR)

Paln ufferents from uterus and cervix travel up
w TI0-L1. Moest commonly used technique is
continuous lumbar epidiral,

Lumbar Epidural
Timing to Start

Contrary to the previous recommendation that
painless labor should be started once the labor
is well established (1.e. cervix should be ar least
d-4 em dilated), the eurrent recommendation 5
o start painiess labor when the patienr demands

Irrespective of the stage of labor.

Procedure

Epidural catheter is placed in lumbar space
(usually L3-4) and & 10 ml of bupivacaine
(0.0625%-~0.25%) or Roplvacaine (0.1-0.2%)
(Hopivacaine preferred] + 2 pg/ml of fentanyl
is given through catheter after confirming the
position of catheter by test dose with 2-3 ml of
lignocaine. Bolus dose ix followed by the same
concentration of bupivacaine/ropivacaine +
fentanyl glven as continuous Infusion at a rate of
8-10 mL/he If the concentration of buptyecaine
used Is too low {(0,0625%) it is called as walking
opidural (means patient can move out of the bed
and sit 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 1o labor that it becomes
impossible (o differentiate whether the change
in heart rate is due 1o intravascular injection or
labor

Complications

o Accldental dural puncture is a known
complications. If there occur accidental dural
pancture clindcian is left with 2 oprons. Flest, o
remove needbe and try epidural in other space.
Second, 1o pass o catheter in subarachnoid
space and malnialn analgesia with “continuous
spinal” instead of “continuous epidural’ The
Infusion rute wsed for continuos spinal is Jow,
Le L3 mb/hr instead of 810 mL/hr used lor
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 Jabour 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 pg of fentanyl before giving epidural. The
advantage is immediate relief of pain due 1o rapid
onset of spinal, Motor block does not occur with
such a small dose of bupivacaine.

Other reglonal techniques like Double
Catheter (first stage pain relief achieved by lumbar
epidural and second stage by sacral epidural
catheter ), Pudendal Nerve Block (for second stage
oniy} or Paracervical Block (can cause severe feral
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% oxvgen and 50%
nitrous oxide) through a seli-inhaler mask.

Parenteral Narcotics

Intramuscular pethidine+ promethazine
{phenergan) had been the very popular combi-
naton in past. Other short acting oploids like
fenranyl, sufentani! and remifentanil can be used
intravenously in small increments, As remifentanil
is metabolized in maternal plasma, insignificant
amount reaches the fetus making remifentanil as
a parenteral oprioid of chaoice for peain relief in labor
analgesia. Paresteral narcotic should be used only
as last resort as there is always o risk of fetal as well
as maternal respiratory depression,

ANESTHESIA FOR MANUAL

REMOVAL OF PLACENTA

Patients with retained placenta may bleed
profusely. They need hemodynamic stability
before considering for anesthesia. As all

inhalational agents in current use are uterine
relaxants therefore, anesthesia of cholce is GA with
inhalational agents. The choice of inhalational
agents is guided by the hemodynamic paramesers;
for example, if the patient is in shock then
inhalational 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,

*  FElective surgery should be deferred until
postpartum period (6 weeks postdelivery) while
wrgent 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 howrs after delivery then
aspiration prophlacis should be saken.

Choice of Anesthesia

The aim should be 10 aveid 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 minimal
possible doses. The concern of teratogenicity
ol nitrous oxide and benzodiazepines does not
appear 1o be real in humans howeves, they should
be avoided as far o= possible. Similarly, propofol
can also be used safely.

During laparoscoples ensure thar surgeon
uses minimum intra-abdominal pressure to

prevent hypotension,

Hmmmmmmbsmmmmwmhmm
o Decreased FAC.ERV and Increased crygen mequrement makes pregnant patients more vulnersbile for yporda,

Comed,
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Pediatric Anesthesia

Pediatric patients have number of phystologic and
anatomic differences from adults which not only
altor the anesthesia tochniques but increase the
anesthetic morbidity and mortality as compared
o adults,

PHYSIOLOGICAL/ANATOMICAL
CHANGES IN PEDIATRIC POPULATION
Respiratory System

Alrway (Anatomical Differences)

As compared to adults, children (particularly

infants) have large head slze, large tongue, mobile,
large and leafy epiglomis. The larynx Is more

® Table 29.1: Sespiratary physiohogic changes

Oxygen

6-8 mi/kg

Tidal volume

5-8mi/kg

anterior and high (at C4 compared to C6 in adults),
Subgloteis (at the level of cricold) Is the narrowest

part, Vocal cords are more dlagonal during infancy
(not horizontal s in adults),

Physiologic Changes
See Table 29,1,

Anesthetic Implications of
Respiratory Changes
o Duetolarge head and anteriorly placed laryny,

Lutubatkon is easier In neutral or slightly fexed
position of head.




* Large tongue can obscure the view during
laryngoscopy.

*  Due o anatomical configuration of airway
and large epiglottis intubation is preferred
with atralght blade (Magill) laryngoscope In
neonates and infants.

* As subglottls (a1 the level of cricaid) is the
narrowest part of larynx in children up 1o
6 vears of age and traches] dinmeter is narmow
up 10 10 years, the tradidonal approach had
heen not to use cuffed wbe up 10 6 vears and
avoiding cuffod tube up to 10 years. Howover,
this approack of not using cuffed tubes in
children up 1o 10 years does not hold true
in present day practice. Many studies and
development of better tube designs [espectally
microcull twbes which have very soft and
low lying cuff (placed below the cricoid)]
has allowed the use of cuffed wibes even for
infuns, Nonetheless a leak must be maintained
around the cxff (inflated or not inflated) at a
pressure of more than 15-20 con H,0, This will
not only prevent tracheal mucosal injury but
ulso the baratrauma. However excessive Jeak
must not be allowed: excessive leak not anly
causes hypoventilation but can (nerease the
risk of aspiration in high risk cases like full
stormach child undergoing emergency surgery.

o Because of high alveolar ventilation induction
with inhalational agenis is faster,

*  Due to high oxvgen requirement and low
reserve, children are very prone for developing
Iypaxia,

* The poor control of ventilation makes pediatric
patients more vulnerable for hypoventilation

in postoperative peciod.

Cardiovascular System

« Blood pressure in neonate Is 60/40 mm Hg
(50% of adult value) therefore, cardiee output
is mainly determined by heart rate which is
120- 140/ minute at birth, Bredycardia is the
maoxt common adverse cardiac event during
perioperative period in pediatric patients.
Cardiac arrests are more common In pediatric
aEe group as compared 1o adults

¢ Vasoconstriction response is not so well
developed therefore, pediatric patients may
not tolerate shock.

Anesthetic implications

«  Bradycardia is not scceptable at any cost

« Infants can develop severe hypotension and
cardiac depression with inhalational agents.

Body Water

¢ Extracelular fluid (ECF) constitutes 40'% of
body welght (in adulis ECF constituses 20% of
body weight), The high velume of distribution
can dilute the initigl intravenous drug
therefore, the initial dose requirement (on per
kg weight basis) is higher than adults,

*  Fluld sdministration is very tricky in childresn.
Less intake can make them easily dehydrated
(because of high metabolic rate) and slightly
excessive fluld can lead to fluid overload (heart
Is less compliant 1o tolerate volume Joads).
I'herefore, fluld administration should be
strictly on the recommended guidelines (See
in fluld management section),

Metabolic

Due to Inadequate glycogen stores and bhigh
metabolic rate children are comparatively more

prone to hypoglycemia.

Thermoregulation
Children are very prone for hypothermia because
of thelr decreased ability to produce and conserve
heat and increased heat loss due to large body
surface area. The only mechanism for heat
production is metabolisin of brown fat which is
special fat present In posterior neck, inerscapular
and vertebral areas and around kidneys and
adrenal glands,

To prevent hypothennia the opetition theater
temperature should be maintained ot 268°C (usually
madntained at 21°C for adults),

Blood

Hemoglohin it birth 1s 19 g% which falls 10
10 g% ar 2-3 months (physiologic anemia of
infancy) thereafter it steadily (ncreases w adult
value by 12-13 years. Neonates have higher
cantent of fetal hemoglobin which shifts the
oxygen dissoclation curve to left. Prolonged
coagulation is expected in neonates due to
vitamin K deficiency.



Central Nervous System

The neonates have immature brain and poorly
developed blood brain barrier putting them at
higher risk of over dosages,

Neonates have less minimum alveolar con-
centration (MAC) as compared to Infants,
Maximum MAC in human beings oceurs in
Infancy peaking at the age of 6 monthys thereafier,
decreasing steadily throughout the life (except
a slight Increase at puberty). So, the MAC
requirement In decreasing order is Infants >
neanales > adults,

The concemn of apoptosis leading to long-rerm
cognitive dysfunction after GA in young children
has been shown only in animal models. Human
studies still remalins Inconclusive.

Hepatic and Renal
Underdeveloped hepatic and renal functions
may lead 1o prolonged effect of anesthetic agents.
Moreover, decreased albumin increases the
unbound fraction of the drugs.

Neonate is an obligate sodium loser and
cannot conserve sodium, consequently may
develop hyponatremia.

Neuromuscular Junction

Functional maturation of neuromuscular junction
Is not complete untl 2 months of age thevefore,
newhorns are very sensitive to nondepolarizing
muscle relaxanis.

ANESTHETIC MANAGEMENT

Fasting Recommendations
Fasting recommendations for children are:

<6 months 4 hours 2 hours
{bweast mitk)

>3 yeans 8 hours 2 hours

Monitoring

Besides routine monitoring, temperature
monitoring is very important in childron

Fluids

Considering the complexity of calculation of
intraoperative fluid by tradivonal 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 2040 ml./ kg of Puid daring Intraoperative
period. Thevealter, in postoperative period the fuid
is given by the formuls of 2-1-0.5, Le 0-10 kg @
2ml/kg, 10-2060 L ml/kg and > 20 kg 62 0.5 mL/kg
If the Nuid 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, il the clinician decides w glve fluld
by traditional 4-2-1 formula then 10 prevent fluld
overload the child should recelve anly two-thirds of
the fluid requirement caleulated by 4-2-1 formulda.

Choice of Fluid

As previously thought that children are very prone
for hypoglycemia it is proven that they are not
so prone therefore for majority of the children
ringer lactate may be the ondy fluid required
Nevertheless if there is concern ol hypoglycemia
then 5% dextrose in 0.45% normal saline should
be added as piggyback 1o balance salt solution
and given ot maintenance rates, It 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 detalls see Chapter 26, page no. 2 16)

Choice of Anesthesia

Although regional nerve blocks are given
frequently, often they are given only after giving
GA.

General Anesthesia

Induction

Induction In children is a difficult 1ask. Most

commonly used techniques are

«  Inhalational induction: As the children
will not allow purting IV lUnes (nhalational
induction becomes the method of choice In
majority of childres. Due to smooth and rapid
induction, sevoflurane [7-8%) Is consldered ax
the inhalational agent of choice however, due
to high cost, halothane is sill very commonly
used agent for induction in India. soflurane
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and desflurane have drritating inductlon
and can produce severe laryngospasm
therefore, must not be used for induction. If
there is no IV access and the child develops
laryngospasm then suxamethonium can be
gven intramuscular or sublingually,

A very Important precaution is to put an
intravenous Hoe once the child falls asleep
before proceeding to deeper plane,

o Intravenous: Intravenous induction is always
preferrecd over (nhalational induction, Older
children may allow putring intravenous line.
In smaller children if inhalational induction
in contraindicated then IV line can be put
by distracting the antention of child and by
applying EMLA cream locally. Due to increase
volume of distribution induction dose
requirement will be higher.

*  Intrarusculoe: Ketumine 5 myg/kg can be given
IM when the child is in preoperative room with
parents.

*  Rectal: 105 Methobexsital 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 he
used in pediatric age group,

Circwit: Jackson-Rees for children less than
6 years (or < 20 ky) and Bains for children more
than b years (or >20 kg} are the semi-closed
circuits used for children however, preference
should be pediatric circle system (pediatric closed
clrcuir).

Maintenance

Recent studies has shown a significant incidence
of emergence agitation with sevoflurane (20%)
and halothane (15%) making them unsuitable
for malntenunce, Therefore, anesthesia is best
maintedned with desfiurane or tsoflurane In case of
nonuvailability of desflurane,

To conclude —sevoflurane and halothane aro
excellent agents for induction but rot switable for
maintenance while desflurane and isoflurane
are not sultabie for induction bul excellent for
maintenance,

Muscle relaxants

Amacurium and Cisatracurium an the relaxant of
choice as they are not dependent on hepatic and
renal functions.

Succinylcholine shouid be aveided in children
due to presence of extrajunctional receprors and
possibllity of undiagnosed muscular dystrophy.
The vuse of suxamethonium should be reserved
for rapid sequence induction and for treating
laryngospasm. Pediatric age group is very vulner-
able for bradycardia after suxamethonium
therefore, atropine must be given before injecting
suxamaethonium,

Postoperative Pain Management

In contrary to common misconception that
children feel less pain, It has been very well
proven that pain perveption in pediatric patients
is same as adults, rather due to underdevelopment
of inhibitory control pathways It is more
during infancy. Therelore, pain management
considerations are equally important for children.
fegional nerve bock is always a preferred
option (Ropivacaine due to less toxiclwy is
preferred over bupdvacaine), [freglonal anesthesia
15 not possible then oploids can be used however,
with closed monitoring. Short ecting (fentanyl,
remifentanil) should be preferred over long acting
[moephine). Paracetamol or ketorokac/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. Reglonal anesthesia in
pediatric poputation is given after GA w decrease
the anesthetic requirement and achieve post-
operative analgesia, Most commaonly used blocks
are caudal 1o be followed by illoinguinal and
penile.
Important differences from adults seen in
pediatric population are:
¢ Onset of block is laster 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 yulnerable for toxicity dae
to increased systemic absorprion (because
of increased cardlac output) and decrcased
metabolism (due w underdeveloped hepatic
functions),

*  For differences in spinal anesthesia in podi-
atric patients see Chapter |7, page no. 173,

MANAGEMENT OF NEONATAL
SURGICAL EMERGENCIES

Diaphragmatic Hernia

It results from Incomplete closure of diaphragm
leading to hernlation of abdominal contents
in thorax resulting in pulmonary hypoplasia,
pulmonary hypertension and hypoplasia of left
ventricle, Prognosis is very poor.

Anesthetic Management

¢ After preoxyvgenation awake intubation Is
done.

¢ fag and mask ventilation is contraindicated
{as it will increase the distension of bowels
leading 1o more compression of lung).

¢ Paositive pressure venttlation should be done
with airway pressure < 20 cm H,0 otherwise
pneumothorix can occur in hypoplastic lung,
If available then ventilate with high frequency
oscillatory ventilation.

* Anesthesia is maintained on oxygen and
low dose volatile anesthetics ar opiolds like
fentanyl, Nitrous oxide Is contraindicated
as it can diffuse Into gut loop causing thelr
distension and further compression of the
lung,

+  Postoperative elective ventilation is often
required,

Tracheoesophageal Fistula

It is of five types, most common s upper end of
esophagus 1s blind with fistula berween lower
esophagus and rachea,

Anesthetic Management

*  Rule out assoctated abnormalities like atrlal
septal defect (ASD), ventrleular septal defect
(VSD), tetralogy of Fallot, coarctation of aorta.

* Nurse the baby in propped up position to
minimize gastric regurgitation.

o Asplraw the upper blind pouch of esophagus
o remove secretion from L

« Ventilation with bag and mask I contra-
indicated as alr can reach stomach through
fistula causing gastric distenston and
asplration,

¢ Intubation can be awake or after intravenous
anesthetic, The position of fube (s most
important; (& should be below the fistula but
aboye the carina.

* These patients are very vulnerable for hypoxia
as there occur signiftcant V/Q mismarch
In laterad position,

Pyloric Stenosis (Intestinal Obstruction)

o Due o repeated vomiting the patients
with pylorie stenosis are dehydrated with
hypokalemic, hypochloremlic alkalosls
therefore, metabolic, fivld and electrolyte
correction must be done before taking the
patient for surgery.

* Either awake intubation or rapld sequence
Intubatlon (crash Intubation with Sellick's
maneuver) is performed.

o Venullation with bag and mask is contra-
{ndicared (can cause aspiration),

Anesthetic Considerations for Prematures

o Avold elective surgerles tll 58 weeks of
postconception,

«  If the baby had developed hyaline membrane
disease then defer elective surgery for
6 months,

¢ Premature are very vulnerable for post
operative apres

Anesthetic Considerations for
Down Syndrome

o Difficudt wlrway due 1o short neck, large
tongue, irregular dentition, atlanto-occipital
instability (avoid unnecessiry flexion and
extenston of neck), small size raches and
subglottic stenosis,

¢  Associated congenital anomalies ke
congenital heart diseases (mainly endocardial
cushion defects and VSD), racheoesophageal
fistula, mental retardation, seizures can
increase morbidity and mortality.

¢ These patients may exhibit hypersensitivity to
muscle relaxants due to hypotonia.



KEY POINTS

o Thelerynic bs yrere anteriordnd high and subidlons (at the fevet of oricold) Is the nammowest part Inchildren,

s Due o high oxygen requicement and low resense, childnen are very prone k densioping hypone
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The high volumwe of distnbuticn ncreases the |l dose requirement In children.

WAL requerement in decreasing order 1y infants > neonates » aduls.
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period. Theteafter, In postoparative pericd the flukd i given by the formula of 2105

As chilitren e not so prone for hypoghycermia ringer tactate mary Be the ordy Tuld requied.

s Inhalstonal induction 1s thé Mot coerymanly utlised inducton mothed in pedatne patents howevey, the
method of choice for induction & giwoys IV '

s Due 1o smoath and rpid induction, sevollurane (7-4%) i corsidenad as 1he inhalatonal agent of thoke far
Induction

s kollursne and desfiliane Bas ot IMEatng nduction tharsiore, must not be used far indaction

Sevofiurane and halcshane are excgliant agedits o INOUCTIon Bur not sultable for maintenance  1hey cah
Atracunium and Gratiacuum ane the selaxent of choce a4 they do not depent! 0n hepatic and el functions,
Suconpicholine should be avoided It chiddren

Pain perception in pediatric patients & same a3 adults

Ao i fio bae for regional Mnesthesia any block can te glvan at aty age.

Bag and rmast ventilation & contraincicated for daphagmatic hemia, tachecescphageal fistula 3nd pyirc
Henosis.

In diaphtacmatic hemia positae prossure wentilation should be done with alrway pressase < 20cm H.0
Nitrs Sxide s contraindicated in diaphragmatc hemia suegery.

- The positian of endotiacheal in irachecesaphageal fstula should be below the fistids but above (e carrna
Merzbolc, fluld snd slacticlyta conecton must be done before kng the patient for pyloric seness surgery.
Avoid dloctive surgesies in premature bakies ti 50 weess of thewr pattconceplion age

Alrwiry anacément may be dfficult in childen suffering from Down syndrame
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Geriatric Anesthesia

PHYSIOLOGICAL CHANGES IN OLD AGE

Cardiovascular System

Decreased ventricular compliance leading 10
diastolic dysfunction is the most common finding
in old uge, Hypertension, aortic stenosis and
coronary artery disease are the often cause for
diastolic dysfunction. Systolic function usually
remains preservedt, Blood pressune increases with
age. Decrease heart rate, decreased adrenergic
response and decreased cordiac 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/Q mismatch decreasing the pO,,
Kyphosis and scollosis can cause difficulty In
ventilation. Decreased respiratory muscle function
decrenses the cough reflex.

Central Nervous System

Loss of nevrons decreases the brain reserve
leading to dementia. There occurs increased
sensitivity to anesthetic medications, The risk of
perioperative delirium and postoperative cogni-
tive dysfunction (POCD) s far more common In

ol age people.

Renal and Hepatic

There occurs age-related decrease in renal and
hepatic functions,

Thermoregulation
Gerlamric population 15 more prone for

hypothermia,

ANESTHETIC MANAGEMENT

Age iz not a contraindication for any surgery.

Preoperative

¢ Commonly coexisting dis¢ases of the old age
like hypertension, ischemic heart disease,
diabetes mellitus, cerebrovascular diseases,
chronic obstructive pulmonary disease
(COPD), rhewmatoid wrhritis/osteoarthritis,
Parkinson's disease, Alzhelmer. malignancies
must be ruled out by detailed preoperative
ASSESSIMent.

»  Medical condition should be stabilized as far
ws possible,

«  Many of the old age people are on poly-
pharmacy, A detailed record of medication
should be obtained and (nstructions are given
secordingly.

o Assessment of cognitive function (s must.
Patients with preoperative demenria have
higher incidence of postoperative delirium,
Moreover, it can be used to compare if patient
develops cognitive function in postoperative
penod,

o Imestigations: Age (s not a criteria 1o do battery
of rowsine investigations, Investigations should
be guided by associated comaorbidity,

Intraoperative
Chaice of Anesthesia

Regional anestheslu (s preferred over general

anesthesia due to the following reasons:

* Increased sensitivity of brain to anesthetic
agents can prolong the recovery

¢ Decreased metabolism and excretion due to
decreased hepatic and renal funcrion increases
the chances of drug toxlciry,
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*  Central neuraxial blocks decreases the risk of
thromboembolism.

*  Pulmonary complications associated with
general anesthesia (GA) may be avolded.

* The incidence of postoperative delirium is less
in regional anesthesla as compared o general
anesthesia.

However, regional anesthesia, particularly
central neuraxial blocks may be technically
difficult due to degenerative changes In spine. Old
uge patients achieve higher level of spinal (and
epidural) due 1o narrowing of spaces. Gerlatric
population is more sensitive 1o the effect of local
ancsthetics durlng nerve blocks,

General Anesthesia

Premedication: Ax the requirement of benzo-
diazepines may be reduced by 50%, promedication
with benzodiazepines should be done cautiously.

Induction: Increase sensitivity of brain, decrease
volume of distribution, decreased unbound
fraction of the drug (due 10 decreased albumin
levels) and reduced metabolism and clearance not
only decreases the dose of all IV agents bot also
increases the txicity, Propofol because of shorter
half-life is preferred. Decressed cardiac output
may show the onset with IV agents,

Intubation: Decrease pseudocholinesterase
levels due to decrease hepatic functions may
theoretically prolang the effect of suxamethonium
however, clinically no prolongaton has been
seen.
[ntubation and mask ventilation may become
difficult due 10 edentulous jaw und decreased
neck movements (due to cheumatoid arthritis and
osteoarthrits).

Stress response to cope up with hemodynamic
changes duting surgery and anesthesla decreases.

Maintenance: The minimum alveolar concen-
tration (MAC] of inhalational agents decreases by
4-6% per decade. Desflurane because of 1is raphd
emergence and least metabolism is the preferred
imhalational ageat for geriatric patients.

» . -
T et

Doses of opiolds should be reduced by half,
Remifentanil because of its ultra shor life is the
most preferred oplold.

Muscle relaxant: Decrease cardioc output can
defay the onset of muscle relaxants. Hofllman
degradation makes Atracurium and Cls-
atracurism to be the muscle relaxants of cholee for
old age patients.

Postoperative

Studies have shown that there ocours age related
decrease in pain perception and morcover these
patients are oversensitive 1o 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 s estimated to be 10%, This
Incidence of delicium can increase to more than
50% in parlents shifted 1o 1€,

Important predisposing factors are age
264 years, male gender, major surgery, genetal
anesthesia (compared to regional anesthesia),
drugs lixe meperidine (pethidine), preoperarive
cognitive or functional impatrment, dementia,
associated comorbidities, polypharmacy,
electralyte imbalance, pain and seep deprivatkon,

Postoperative Cognitive Dysfunction
Short-term (up 1o 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
accur in 1% of the patients.

The (ncidence of postoperative cogoltive
dysfunciion (POCD) is independent of both surgery
and anestkesig. Studies have shown no difference
In thwe incidence of POCD in minor versus major
surgery and regional versus general anesthesia.

At present there is no specific treatment
avallable for POCD.
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KEY POINTS

Dassolc dysfuncion, the most comman aciac finding in old age. is a- significant determinant of morbidity.
Chvonalogical 4ge & neither 3 comralndication for any surgery nor Ik & craevion to do twitary of rautine
Investiganions.

Asusment of cogitve Runction s must in gevlalric patents.
Rc-giuulmmawdzmdmepnemm )
lhememm of banzodiazepines and opsoids may be reduced by 50%,

Tha miimuen alveokar concantration (MAC) of inhalarional agents decrsases by 4-% pef decade .
Diesflurane because of its rapkd ememence and least metabolism & the prefered inhalstionsl sgent for geratrc
patients '
Ardacuriunm and Cra-atrcutium are the muscis reiaxant of choice for 6id age patients

The overah prevalence of postoperative dellnum n oider gastients s estimated 1o be 10%.

Shcet-tarm changes In cognitve Rinction have been yery well-documented in 10-15% of gedanc population
aftee surgery.

he incidence of POCE s Independent of both surgery and aresthess.



Anesthesia for Obese Patients

(Bariatric Anesthesia)

Obese patients may come to the operation thester
for bariatric or nonbariatric surgery. 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
patents for anestheslologist especially due to
their associnted comorbidities and difficult sirway
management.

Obesity is defined as body mass index (BM1)
more than 30% and extreme/superobese as BMI
more than 50%,

PREOPERATIVE ASSESSMENT

Preoperative assessment should be done in detail

because of the associated comorbidites:

1. Cardiovascular considerations: Obese patients

may have;

I Hypertension.

. Coronary artery disease.

ili. Left ventrlcular hyperophy: Increase in
cardiac outpur by 0.1 L/min to perfuse
cach kg of fat leads w increased stroke
volume and hence left ventricular
hypertrophy,

Iv. Right ventricular hyperirophy resulting
from pulmanary hypertension which in
turm is because of persistent hypoxia,

v. Cor pulmonale hecause of right
ventricular strain.

Respratory considerations: Obese patients

may have:

L. Reduced expiratory reserve volume
(ERV), functional residual capacity (FRC)
and vitl capacity.

U, Increased airway resistance.,

iit. Reduced oxygen soturation because
of obesity and obstructive sleep apnea

13

hypopnea syndrome (OSAMS). Paticnts
with OSAHS are at Increased risk of
markidity and mortality,

3. Gasnrointestingd (GI) system considerations:
Obese parients may have associated hiatus
hernia, gastroesophageal reflex, delayed
gastnc empiying and fatty imfiltration of Hver
[may compromise Hver functions).

4. Blood: There may be polycythemia because of
chronic hvpoxia,

5. Obese patients are very prone for thrombo-
emhbolism in postopeeative period.

6, Fraluation of alriways: Obese patients often
have difficwit airway due 1o:

i. Short neck (decreased thyromental
distance)

ii. Restricted mouthopeningductoincreased
adipose tissue In neck and decreased
mobility of temporomandibular joinr.

tii, Restricted neck movement because of
decreased mobility of atlanto-accipital
jodnt.

Investigations; Obesity per s 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
stromgly considered In morbidly obese pattents
or in pationts with a history of obstructive sleep
apnea,

Premedication: Premedicaton with respiratory
depressunt drugs like benzodiazepines should be
avolded while premedication with metoclopra-
mide and ranitidine should be considensd.
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INTRAOPERATIVE

Monitoring
Appropriate size BP cuft should be chosen,

Choice of Anesthesia

Due 1o difficult alrway management, anesthesia
of choice Is reglonal anesthesio 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 con HLO of continuous
positive airway pressure (CPAP) during
preoxygenation has found to be benefickad in
maintaining oxygenation in the perioperative
period.

Induction; Lipid soluble drugs {IV induction
agents, oploids) have increased volume of
distribution, theretore given on actual body weight
basis. Interestingly, this effect is not so marked on
prepofol as on thiopentone.

Achieving IV lines sometimes can become an
arduous task

Airway management: Alrway management is
the most chollenging part in obese patients. The
incidence of fatled intubation Is 3 times more in
bariatric population, therefore be prepared for
difficult airway management. (For detalls see
Chapter 5, page no, 54)

Ax the Ramped position (Fig. 31.1) provides
a superior view of laryngoscopy it is preferred
pasition for insubation for obese patients. As the
name SugRests a ramp is created by commercially
avallable device or by using sheets and hlankets 1o
clevate the upper back of the patient to the level
when external auditory meatus licinborizontal line
with the stermal notch (that ts why ramip position is
also called as an var fo steriim position ).

[ srubation ks anticipated 1o be difficult awake
Intubarion with fiberoptic bronchoscopy should
be considered

Confirmation of intubation must be done by
capnography as breath sounds may not be clearly
nudible on suscultation.

Fig. 31,11 Ramp position

Maintenance

« Inhalational agents are more extensively
metabolized in obese patients therefore, the
agent with least metabolism, Le. Desflurane
(s the inhalational agent of choice. Increased
metabolism of halothane makes obese
patients more vulnerable for halothane
hepatits

o Warer soluble deugs (nondepolarizing musche
reluxants) have limited volume of distribution
therefore should be given on ideal body weight
hasis

«  Application of 10 cm H O of positive end expl-
ratory pressure (PEEP) during mechanical
ventilation improves oxygenation by pre-
venting alveolar collapse.

o W reverse Trendelenburg Improves oxygeni-
tion particularly during laparoscopic susgeries

POSTOPERATIVE

*  Obese patients are very prone to hypaxin
in postoperative period, Therelore, they
should be nursed in 45° sitting (semi-reclined
position) with supplemental oxygen, CPAP
[continuous positive airway pressure) of
BiPAP (bi level positive airway pressure)
should be applied if the patient is not main-
tining oxygen saturaton on supplemental
oxygen

« Every precaution must be taken to prevent
thromboembolism.

«  Good antibiotic cover s must as these patients
are prone for wound infection.
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* 7o pertuse ¢xirs 5t obese patients are in Ngh Caniac cutput sate.

® Obede patients may have exttr parenchymal sesnctive pattam 0 thelr pulmorary funcrions

& Podsomnography should be Lrongly consdered in mebidly obese patients or 0 patients with a Ivsioey of
obitruchve deep Apney

*  Due wafficult Srwsy management. anesthesia of chosce is eglonal anesthesia

®  Arway mansgerment 3 1he most challanaing part in obese panents

® Ay the ramped POSTICO PIosices 8 duperior view of leryngoscopy It isprelerod position for intutation forobese
patiends

®  Lpid soluble drigs IV induction agerts, opiods) hive inoeased wolume of gistributon, theigioe givern on
actual body veeight basis, Water soluble drugs [nondepolarizing muscle relavants) have imited volurme of
distribution, therefore should be given an el body wght basie
Dedfurane is the inhalatonai agent of choice 1or maimenance in obese patients.
Chese patients ams very prone t hiyposta in post- operative pedod
Applicaton of CPAP ard PITP improves oxyoenation n obese patients.




Anesthesia for Laparoscopy

Laparoscopie surgeries have been on rise over 2
decade due 1o shorter hospital stay, avoidance of
big surgical incision, less tissue trauma and less
postoperative pain,

GASES FOR CREATING
PNEUMOPERITONIUM

Carbon dioxide (s most frequently used gas for
laparoscopy because it is more soluble in blood
leading to its rapkd eliminatlon from the body in
cases of pneumothorax and accidental injection
Into vascular compartment. Other gases, which
can used are alr, hellum, oxygen, nitrous oxide
and argon, Since argon Is an Inert gas with no
side effects it is considered as most ideal gas for
laparascopy, however because of its very high cost
it is nor used.

PATHOPHYSIOLOGICAL EFFECTS OF
LAPAROSCOPY

Respiratory System

Increase Intra-abdominal pressure due to
pneumoperitonlum pushes the diaphragm
upwards, leading ro basal atelectasis producing
ventilation perfusion (V/Q) mismatch and
decredse In functional residual capacity (FRC).
Thoracopalmonary compliance may be decreased
by up 1o 50% during pneumoperitoneum,

Cardiovascular System

»  Decreased cardiae output: Increase intra-
abdominal pressure compresses the inferlor
vena cava leading to decreased venous returm
and cardiac output. Intra-sbdominal pressure

of 12-14 mm Hg can decrease the cardiac
output by 30-35%,

o [Increased peripheral vascular resistance
{(PVR): Increase in PVR occurs because of
high pCO, and more importantly, because of
increased catecholamines, vasopressin and
prostaglandins,

o Cardiac arrhythetias: CO, by producing
coranary vasoconstriction may produce
any arrthythmia however, bradyarrhythmias
occurring beceuse of stretching of the
peritoneam are more frequent.

Central Nervous System

CO, by producing cerebral vasodilatation can
Increase the intracranial tension.

Gastrointestinal System

Increased risk of aspiraton: Increased Inira-
abdominal pressure distorts the gastroesophageal
junction making patient more vulnerable for
wspiration.

COMPLICATIONS OF LAPAROSCOPY

Although laparoscopic surgeries have many

advantages over open surgeries however,

laparoscapic surgeries subjects the patients to
certain complications attributed to laparoscopy.

L Preumothorax { Caprothorax ): Carbon diogide
from peritoncal cavity can diffuse into the
pleural cavity through embryonic remnants
present between pleural and peritoneal cavity
which gets open by increased intra-abdominal
pressure or through pleural tears during
SULRECY,
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Diagnogis

i Increased airway resistance oa mechani-
cal ventilation,

ii. Decreased oxygen saturation (Sp0,),

i, Decreased alr entry on auscultation.

iv. X-ray chest.

v. Abnormal movement of diaphragm as
observed by surgeon,

vi. Associnted subcutaneous emphysema of
neck and chest

[

L Immediately stop nitrous oxide: Nitrous
oxlde can expand the pnetmaothorax

ii. Start 100% oxygen.

Wi, Adjust ventilator serting: Add posifive-
end expiratory pressure (PEEP) 1o correct
hypoxia

tv. Reduce Intra-ubdominal pressure as
much as possible.

v. Chest tube drainage should be reserved
anly for the cases not responding to con-
servative mwasures or the Pnewmothorax
is life-threatening otherwise, usually
capnothorax resolves by itself in 30-860
minules (because of high diffusibilty of
0.

Prewmomediastinum, pneumopericardivm
and subcutaneous emphysema: The CO, can
enter mediastinum and pericardium through
esophageit], vena caval or aortic hiatus, Gas
from mediastinum may diffuse cephalad to
produce subcutaneous emphysema of face
and neck.

Management includes maintenance of

vitals till O, is absorbed from mediastinum or
pericandial cavity.
0, embolism: Gas embolism can be a faal
complication of laparoscopy; it carries a
mortality of 30%, CO, 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.

Diagrasis

L Mast sensitive test to diagnose CO,
embolism is transesophageal echocardio-
graphy.

it. Doppler

Hi. Increased pulmonary artery pressure,

IO PR ‘

iv. Capnography: In CO, emboalism, there s
biphasic response, Le, initial rise in end
tidal CO, [due to direct injection of CO. in
vessels) followed by fall,

v. Clinical signs like tachycardia, hypo-
tension, right heart strain on ECG and
Mill wheol murmur.

vi. Aspiration of gas or foamy blood from
cendral catheter is dingnostic.

vil. Aspiration of blood from Veress needle
(used for CO, insulflation) as noedle is
placed directly into vessel.

vill, Absence of abdominal distension in spite
of O, Insufflation.

Muanagement

Proventve:

1. The surgeon must ascertain the position
of Veress needle before CO._ lnsufflarion.

i, Rate of Insufflaton should not be more
than 1 L/min.

Curative:
L. Immediately stop further insufflation.
1L Stare hyperventilation with 100% oxygen.
UL Aspirate gas through central venous
pressure (CVP) or pulmonary catheter
v, If possible place the patient in Durrant
position (left Lateral with Trendelenburg)
s0 that gas ger vemains in right ventricle
und can be aspirated.
v. Manage any co-existing arrhythmia
vi. Hyperbaric oxygen therapy if there s
cerehral embolism,
vil. For massive embolism cardiopulmonary
bypass may be required,

. Complications related to patient’s position:

Majority of the laparoscopic procedares are
performed in either Trendelenburg or anti-
Trendelenburg position.

. Abdominal organs trauma and hemorchage:

Abdominal organs, especially intestines and
stomach may be perforated by the needle or
rocar. Moreover, bleeding and visceral trouma
may 1o undetected,

. Conseguences of increase pCOL Increase In

pCO, during laparoscopy can occur due 10
absorption from the peritoneal cavity and
V/Q mismatch, Increase s pCO, s woll-
tolerated by young individuals, but can
produce arrhvthmias and ischemia in cardiac

patients,
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7. Consequences of increased intra-abdominal

pressare (IAP) Intra-abdominal pressure of >
26 mm Hg can decrease the cardiac outpurt by
more than two-thirds producing even cardlac
Arres,
Intra-abdominal pressure of > 20 mm Hg can
significantly impair renal, mesenteric and
Intestinal blood flow. Therefore, it is highty
recommended that intfra-abdominal pressuee
should be kept between 12-14 mm Hg.

0. Nawsea and vormiting: Nausea and vomiting is
the most common postoperative complicartion
of laparoscopic surgeries; incidence can be as
high as 40-75%

4. Shoulder puin: Sub-dlaphragmatic CO,
irritating diaphragm causing shoulder pain in
postoperative period Is commonly complained
by many patients.

ANESTHETIC MANAGEMENT

Laparoscopy can be performed under local,
reglonal and general anesthesia.

Local Anesthesia

Laparoscopic surgeries of very short duration
(<15 minutes) can only be considered under
local anesthesia, Laparoscopie tubal lgation is
the most common surgery performed under local
anesthesin.

Regional Anesthesia

Patient discomfort (shoulder pain due to
diaphragmatic irritation by CO.) limits the use
of central neuraxial blocks {spinal/epidural) for
laparoscopy.

General Anesthesia

o General anesthesia with endorracheal
intubation and mild hyperventilation is most
commonly used technique for most of the
laparoscopic surgeries. General anesthesia
with secand generation laryngeal mask airway
(¥-gel, proseal) can be considered If there is no
risk of aspiration.

¢  ETCO, should be maintained st 35 mm Hg,

« Inhalatlonal agents which depress cardiac
funcrion (like halothane) should be avoided.

o Propofol becawse of its antiemetic properties
Ix the lnduction agent of choice

CONTRAINDICATIONS FOR
LAPAROSCOPY

Absolute

1. Increased intracranial tersion: CO, can further
increase the intncranial tension.

Congestive heart fallure.

Severe hypovelemia and hypotension.
Right-1o-left cardiac shunts or patent foramen
ovale {risk of paradoxical embolism ),

5. Generalized abdominal peritonits.

b, Ketinal detachment

-

Relative

Ventriculoperttoneal (VP) or peritoneofugular (Pf)
shuent: Insufflation in perftoneum can displace the
shunt.

Contraindications of the Past

I, Coronary insufficiencies: A patient with the
controlled ischemie heart disease can be safely
covisidered for laparoscopic surgeries howeves,
with enhanced perioperative cardiovascular
maonitonng,

Pregnancy. Although pneumoperitoneum may

cause ransient fetal acidosis, clinical studies

suggest that additional risks to be very Jow for
both mather and fetus, Therefore, laparowopy

ix conyidered safe during pregnancy.

3. Obesity: Laparoscopy once used to be con-
sidered s contraindicarion In obese patients
has now become the preferred method over
opert s geries.

4. Respiratory compromised: Respiratory com-
plications after laparoscopic surgery are
significantly lower than open surgery.

0

KEY POINTS

& Carban dicxide s the most fragueatly usad gas 1or lapascacopy becsuse it is mom soluble

® Argonis cansidead a5 mast Weal gas for faparascopy.

Cond






Anesthesia for Ophthalmic Surgery

PREOPERATIVE EVALUATION

* The patients usually posted for ocular
surgeries are either pediatric or geriatric.
Therefore, proper preoperiative eviluation
should be done in geratric population to rule
out coexisting medical diseases.

* History of ophthalmic medications must be
recorded. Topical eye medications can have
systemic effects. For example, echothlophate
by inhibiting pseudocholinesterase can pro-
long the effect of suxamethonium, phenyleph-
rine can cause hypertension, timofolcan can
cause bradycardia and bronchospasm and
acetazokimide 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

s Maintenance of intraocylar pressure (100): One
of the most important goal during eye surgery
18 to reduoce or 2t least maintain the intraocular
pressure within normal range of 10-20 mm Hg.
The factors which increase the 10P like byper-
tension, increased central venous pressure
(coughing, stralning), hypercapnia. hypoxia,
anesthetic agents (ketamine, suxamethonium)
and light aneathesia must be avoided.

¢ Prevention of oculocardiac reflex: It is
triggered by pressure on globe or by maction
on extraocular muscle {(exspecially the medial
recins ) during squing surgery, The aflerents are
carried by trigeminal and elferent by vagus.

It is manifested as bradyeardia, atrioventri-
cular (AV) block or even asystole, Treatment
includes immediate cessation of manipulation
and intravenous (TV) atropine if not reversed
by cessation of manipulation, Pretreatment
with atropine may be indicated in patients
with & history of conduction blocks and
f-blocker therapy,

ANESTHESIA

Most of the ocular surgeries are performed
under regional anesthesta (topical, peribulbar,
retrobulbar and sub-tenon blocks). Eyve blocks
are most often given by ophthalmaologist
themselves.

Peribulbar Block

Peribulbar block has now almost completely
replaced retrobulbar block because of its less
seriouws complications and avoidance of separate
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 nferior fornix of conjunctiva at the
junction of lateral 1/3rd and medial 2/3rd and
6-10 mL of drug s injected. The needle is never
inserted beyand 25 mm because large vessels
and optic nerve are encountered with deeper
penctration, Orbital compression with Hanon ball
or compression balloon [ 30-40 mm Hg) facilitates
the block and decreases the [OP.



Advantages

+  Serious complications seen with retrobulbar
block Hike globe puncture, Injury to optic arery
or nerve are less with peribulbar block.

«  Facial nerve need not be blocked separatety.

¢ Less painful.

Disadvantages

s Slower onset,
*  More chances of ecchymaosis.

Retrobulbar Block

In remrobulbar block, the local anesthetic |s
injected ar orbital apex, i.e. behind the oye into
muscle cone,

Complications

o Oculocardiac reflex.

*  Retrobulbar hemorrhage.

¢ Puncture of globe which can lead to retinal
detachment,

o Optic nerve njury.

*  Intreccular injection,

*  Braln 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
1w be less than retrobulbar and peribulbar
block.

Topical Anesthesia

The majority of the cataract surgeries {phaco-
emulsification) is possible under topical
anaesthesia of the eye.

Local Anesthetics used for Blocks

A solution consisting of;

s 2% xylocaine for rapid onses,

0.5% bupivicaine for prolonged effecs.

1 in 200000 adrenaline for vasoconstriction.
Hyaluronidase for better spread.

CHAPTER 33: Aresthesia for Onhthalmic Srgery ‘

GENERAL ANESTHESIA

Usual Indications for general anesthesia are-
pediatric patients, unceooperative patents not
allowing reglonal anesthesia, retinal detachment

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
10P. Propofol is most often used for induction.
Ketamine increases the [OP, therefore should
be avolded In ocular surgesies.

* Intubavion and laryngoscopy can increase the
TOP, therefore the response should be blunted
by IV lignocaine and fentanyl.

Maintenance

s All newer inhalational agents reduce the JOP
therelore can be safely used for maintenance.

¢ Nitrous uxide should be avoided in retinal
detachment sirgery if air, suifur hexafluoride or
perfluoropropane bubble Is wsed for correction.
Nirrous oxide can expand the bubble size
and thus can raise the 10P significantly. As
the bubble can persist for muny 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 incteases the I0P, hawever 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 succinglcholine.
Non-depolarizing agents decrease the 1092

Reversal

* Anticholinergics (atropine/Gliycopyrrolate)
when given IV or IM does not raise 10P
significantly, therefore can be used safely with
antcholinesteases,

*  Recovery should be very smooth. Coughing
and straining during extubation can be
disastrous
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Position of patient: Head up by 10-15° decreases  Postoperative: The incldence of postoperative
the 10P by reducing the venous pressure. naused and vomiting bs very high after strabismus
surgery.

KEY POINTS

Topical eye roadications can have systemic effects.

Cne of the most important goals dunng ey siegery & 10 reduce o at keass mainmain the intracculor pressure
within DT rarge.

Traction on extraocutal muscke lespecially the medisl rectus) can preceitte oculocadac reflex

Most af the ocdar surpeties ane parfarmed under regions anestnests

Faibukar block has now aimast compietely replaced stobuibar biodk

AV agents lexceot ketamine] and inbaangnat agents mauce the IOF

Nitrous crdde thoukd be avoidad In weeinal detachment surgery ¥ air, sulfr hexaflocde or perflucropropsns
Dubbhe 15 used for cormection.

®  Sueringichaling increases the 10P however the rs= (s transkent {510 mitutes]. therelor ¥ the risk of pukmonary
sspration is high, it = safet to use succmichaline




Anesthesia for ENT Surgery

ENT anesthesta is one of the mast difficult
anesthesia because quite often alrway is difficult,
surgean and anesthetist share the common field
and complications are relsted to afrway.

PANENDOSCOPY (PREVIOUSLY CALLED
AS MICROLARYNGEAL SURGERIES)

As panendoscopy involves luryngoscopy, bron-

choscopy, und esophagoscopy it is also called

as wriple endoscopy. It may be a diagnostic or
theapeutic. The common proceduresare laryngeal
biopsies and removal ol vocal cord polyp.

Anesthesia poses specific problems due to the
following reasons:

«  Due to the growth, the glottic opening may
be reduced and sometimes 10 an extent thay
even Insertion of the small size tube becomes
Impossible,

¢ Anestheust and surgeon share the common
fiedd.

s Laryngeal manipulation causes sympathetic
stimulation. Incidence of myocardial ischemia
and arrhythmias is significant (2-4%),

« Laryngeal stimulation can induce laryngo
Spasim.

¢ Chances of blood sspiration are very high,

*  1here may be additonal complications related
o laser.

Anesthesia for Panendoscopy

¢ During preoperative evaluation, assessment of
alrway by preoperative endoscopy or indirect
laryngoscopy is must.

¢ Preoxygenation is very lmportant,

o Intravenous (IV) lignocaine, IV fentanyl
and topical anesthesia of the larynx are very
important to prevent laryngeal reflexes.

Ventilation Technigues

The existing putholegy and requirement of the
working space for surgeons leaves the minimal
spuce for ventilation.

L. Microlaryngeal surgery (MLS) tubes: MLS
tubes are pediatric size tubes with cull. They
are avallable in 5, 5.5 and 6 mm size, In the
majority (>95%) of the patients it is possible
1o get the sirgery done with MLS tube, The
disadvantage Is that high ventilatory pressures
are required to overcome the narrow size of
tube,

2. High frequency positive pressure ventilation
(HFPPV): In this technigue small tidal
volumes are delivered at high frequency (60-
100 breaths/min) at a high pressure (80 psi)
through a stiff 3.5-4.0 mm catheter passed
throogh the vocal cord.

3. Jed ventilation; The tip of the jet is kept within
the laryngoscope 10 avoid direct barotrauma
to the trachea and gas is delivered at high
pressure (50-60 psi).

4. Isufflation: Achieved by placing a catheter

and gases flow at high pressure,

Aprea technique; In this technigue intubation

Is done and after adequate ventilation tube

is removed for short period (1-2 minutes or

till oxygen saturation starts falling). In this

period surgeon performs the procedure. 1

the procedure §s not completed in this period,

the patient is again intubated (or ventilated
through the bag and mask) and the tbe
removed and so on,

U

Maintenance

Anesthesio is maintained with inhalational
agent and repeated doses of succinylcholine
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for small procedures or nondepolarizing agent
for prolanged surgery. Nifrous axide should be
avoided hecause It can Increase the postsurgical
edema by causing expansion of the cuff of
endotracheal tube. Administration of Hellox s
strongly considered in patients with stridor.

Concerns Related to Laser

Many of the panendoscopy surgerles uses
laser. The most important complication of lasee
surgery is fires, therelore the most important aln
should be to prevent fire by taking the following
prophylaxis:
i. Use low FiQ, (<30%)
ii. Avoid NJO (N,O can support fire)
iii.  Use special kind of kser reslstant endotracheal
tuednet
tv. Fill the tube cuff with saline (Instead of air)
In case there occurs fire, the following protocol
should be followed:
i. Immediately remove wube and submerge in
water
B, Immediately stop oxygen (and nitrous oxide)
and start venrtitation of the patient with air by
mask
i, Flush pharyns with 50-60 mlL of cold saline
iv. Do bronchoscopy 10 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 1o allow intubation,
v. Steroids, antibiotics.

ANESTHESIA FOR BRONCHOSCOPY

*  Flexible bronchoscopy, usually done for
diagnostic blopsies, can be performed under
topical anvsthesta,

* Rigid bronchoscopy, usually done for foreign
body removal is performed under general
ancsthesla. Ventilation is achieved with;

1. High frequency jet ventilation through the
oxygen port provided in bronchoscope.
I Insufflation.
HE - Apnea tochnigue,

ANESTHESIA FOR
ADENOTONSILLECTOMY/
TONSILLECTOMY

= Majority of the patients are pediatric,

o If there are no adenoids nasal Intubation can
be done, however due o increased chances of
bleeding nasal intubation should preferably
be avoided. Oral Ring-Adair-Elwyn (RAE)
prefornmed tubes ave most frequently used,

¢+ TIhroat should be packed to prevent aspiration,

* In postoperative period to prevent asplration
and laryngospasm (by the blood tricking down
the throat] these patients are nursed in torsiliar
position, Le. 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 resuscitaed
1o 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) should be avoided
0s intubation at times may be impaossible due
to trismus and patient can aspirate the pus,
Therefore, the abscesses showld be drained wndor
local anesthesia, I GA 1s required than awake nasal
intubation with fivreoptic bronchoscopy should
be achieved before Induction of anesthesia,

ANESTHESIA FOR EAR SURGERY

Nitrous oxide 5 35 times more soluble than
nitrogen. 1f the Fustachlan wbe is blocked, nitrous
axide can increase the middle ear pressure 1o 375
mm H,0O within half an hour. Therefore, nitrous
axlde should nor be used (n patients with blocked
Eastachian tubes (upper respiestory tract infection,
adenoids, sinusitis and otitis media).

Increase middle ear pressure by nitrous oxide
can displace the graft making nitrous oxide 1o be
contraindicated for Tympanoplasties. However,
if the surgeon is using “inlay graft™ then increase
In middle var pressure is beneficlal in holding the
wran.

The Incidence of postoperative nausea and
vomiting is very high in ear surgeries; therefore
prophylaxis with antiemetics |s must,

ANESTHESIA FOR NASAL SURGERY

Most commonly performed nasal surgeries are
correction of deviated septum, rhinoplasties,



removal of nasal polyp or endoscople sinus
surgeries.

CHAPTER 34: Anesthesia for ENT Surgery o

ANESTHESIA FOR OBSTRUCTIVE
SLEEP APNEA SURGERY

* Inthe preoperative evaluation always rule out
the Samter triad (nasal polyps, asthma, and
sensitivity 1o aspirin/NSAIDs).

¢ Throat pack Is must to prevent aspiration of
blood.

¢ The patients must be counseled and trained
in the preoperative period o take breathing

All concerns related to obese patients (for details
sve Chapter 31, page no. 245) especially difficult
alrway management makes obstruction sleep
apnea {OSA) surgeries (uvulopalatoplasties) to be
very challenging ro anesthetist,

from mouth otherwise they can become very ANESTHESIA FOR
restless in the postoperative period after nasal ;Srggi:‘]grANmBuug JOINT (TMJ)

packing
Due to the limited mouth opening intubation

ANESTHESIA FOR PAROTID SURGERY mandates awake nisal Intubation.

Continuous monitoring of facial nerve func-
tion may deter the anesthetist 10 use muscle
relaxants.

KEY POINTS

s In preoperative svalustion of parients posted for panendascopy, assessment of alrway by preoperal e
£ndosopy of norect lanmoouctay is must

s I the majority (-05%) of the satiants it s possitie to get the panendoscopy suigery done with MLS tube:

s Nitous omde should be avalded In Wiynaeal surgenes bedause £ ca noremss the pest-surgesl sdema by
causing Expandion of the culf of the ndotrachesl tube

= The mostimpoetant complication of laser sumery i fres,

Laser resistant endotrachisal 1UDes 3 ot 100% prowctve against lase fres

» Tenulle pationts should be nuesed In tonsifar postion in the postoperative penoad to pevent aspiration and

Rryngospasn ‘
o Pgu toosllectory blesdnig resxpionation patents snould be managed Iike full stomach patiert,
o Mlirrous exdde shoukd not ba used in patients with blocked fustachia nubes and ympancplasses



Anesthesia for Trauma and Burns

ANESTHESIA FOR TRAUMA

Management of trauma patients poses unigue
challenges due to the following reasons:

Inadegquate medical history: Attendant may not
be present and patient may not be fit enough
to give his/her medical history.

Most often patients undergoing #mergency
surgery are not fasting,

Patients may be intoxicated.

Multiple injuries, especially lung, cardiac,
birain, pelvic and abdeminal injurles can
make anesthesla complex and Increases the
morhidity and moraliy.

Alrway may be very difficulr due to factal and
neck injuries.

Presence of shock can significantly alter the
outcome,

Sometimes emergency may be so acute
that there is not enough time w 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 emergoncy room as
a part of resuscitation team,

If there is need, then airway must be secured
und patient resuscitated before shifting to
operation theater (OT). 1t is not uncommon
to see intubated patients coming to OT,
Although a sysrolic blood pressure of af least
80-90 mm Hgis recommended before induction,
however sometimes the situation like damage
conmol surgery (surgery is the only method 1o
stop bieeding ) warrants the induction at very

low or even nonrecordable biood pressure.
The prognosis of such patients is very bleak.
Ir is very important to rule out major Injurles
especially:
Chest injury like poneumo/hemothorax o
lung contusion.
Head injury—presence of head injury
can alter the anesthesia technigue. For
example, central nearaxial blocks may be
absolwtely contraindicated with elevated
Intracranial tension (1CT)
Spine Infuries: Improper movements
can produce devastating complications,
Including quadriplegia, paraplegia or
even death,
Abdominal, pelvic injuries and major
bone [ractures, can produce massive
hemoarrhage
As airway may be compromised detailed
assessment of alrway s must.
Try w obain medical history as maximum as
possible.
Obtain adequate blood and bood products.
Correct acute traummatic coagulopathy (for
clelails sev Chapier 40, page no. 286)
Il Tasting status cannot be obtained, pre-
medicate the patient with metoclopramide
and ranitidine/sodium citrate,

Intraoperative Period

Secure IV lines with large bore cannulas. 1f
peripheral access is not possible, then obtain
central access (most often subclavian) or
intraosseous access (i central access is also
not possible),



«  Monttoring: Although it may be difficult o
cannulate artery in low output state hut still
every effort should be made to measure
continuous bload pressure by invasive
monitoring. As trauma patients are very prone
for hypothermia, remperature monitoring
becomes must

Choice of Anesthesia

Except for Hmb saving surgeries which may be
performed in regional anesthesia, majority of the
trauma surgeries are done in general inesthesia,

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 parlents. Requirement
ol doses is drastically reduced in hypotensive
patients,

Etomidate (because of its cardlovascular
stahility ) wnd ketamine (because of its sympathetic
system stimulating property) are the agents often
selected Jor induction, However, etomidate and
ketamine can produce hypotension in shock
patients who are already catecholamine depleted;
etamidate by causing adrenocortical suppresshon
and ketamine by causing direct myocardial
depression in the absence of catecholamine,

Intubation
o All rrauma patients should be assumed to
bie having cervical spine Injury untll proved
otherwise and, therefore If cervical spine injury
is not cleared they showld 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
vmergeocy crcothyrotomy) must be ready
hand available because Intubating a patient
with lace and neck trauma can become o big
challenge. Mask ventilation in facial fractures
at times becomes impaossiblbe.
Patients with maxillary fractures should
not be intubared nasally; however most

oftan can be easily Intsbated through oral
route.

Patients with mandibular fracture are
often intubated nasally due to two
regsons, Flrstly, the presence ol trismus
prevents oral intubation (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 bach mandibular and maxl-
lary fracture may rexqquire tracheosiomy,
Intubation in pharyngeal and laryngeal
trauma can worsen the injury or even
lead to complete Joss of the alrway;
the endotracheal tube can slip into the
mediastinum through the defect. A low
tracheostomy is the best solution in
most of the cases. Application of cricoid
pressure Is also contraindicated in
laryngeal tramma,

Intubarion guided by fiberopiac broncho-
SCopy appears 10 be a very promising
method in patients with face and
neck trauma, however hecomes very
difficult due o distorted anatomy and
presence of blood and secretlons In the
alrway.

*  Chest mube must be inserted before intubation
il there is pneumothorax because positive
pressure ventilation can convert & small
preumotorax into tension poeumothorax.

Maintenance: Like [V agents patients in shock
may exhibit estreme sensitivity to inhalational
agents. Desflurane is often the most preferred
inhalational agent because of its ability to
maintain blood pressure by causing sympathetic
stimulation and least metabolism.

Muscle relaxants: In spite of succinylcholine
causing hyvperkalemla In crush injury and
increasing intraocular and intracranial pressure,
it remalins the muscle relaxant of choice for
intubation iy trawma patients with difficult ainway
and high risk of aspiration. The consequences
of falled Intubation and aspiration can be
devastating.
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Arracurium and Cissatracurinm are preferred
non depalarizers because of their independency
on hepatic and renal functions.

* As trauma patients are very prone for hypo
thermin OT temperature should be main-
tained and Nuids/bload should be warmed to
room temperature before infusion.

« Patents with spine Injuries should be shifted
with urmost care

Postoperative Period

Extubation (n trauma patients is a tricky exercise,
Deep extubation can cause aspiration while
extubation under light anesthesia can Increase
intraocular, iIntracrantal pressure and restart the
hemorrhage by increasing blood pressure.

It is not uncommon to see trauma patients
getting electively ventilated in postoperative

period

ANESTHESIA FOR BURNS
Emergency Management of Burn Patient

¢ Burnpatient may present with acute respiratory
obstruction due to smoke inhalation in whom
gentle Intubation with expert hand should
be tried te prevent further exaggeration of
edema. If edema is severe tracheostomy may
be required,

*  Carbon monoxide poisoning is the most
commaon immediate cause of death if burns
occur In closed space. Therefore, immediate
treaunent with oxygen or hyperbaric oxygen
(in severe cases ) may be required.

*  Hypovolemia is another important cause of
death. Fluid should be given by the standard
Parklund formula which recommends fluid
replacement at a rate of 4 mL/%g/% burn. [50%
of this fluid s given in first B hours and pext
50% in pext 16 hours), However studies have
shown fluid overload by this method therelore
current recommendation is 1o start Nuid
by Parkland formula bur immediaely stare

tapering once urine output becomes >0.5-1
mL/kg/he. Ringer lactate is the fluid of choice.
Colloids if necessary can be given in acute
phase (contraey to previous recommendation
of not giving colloid for first 48 hours).

«  Patients with electrical burns can present with
cardiac arrthythmias or even cardioe arrest

Anesthetic Management

Usual surgeries done In burn patents are release

of post-bum contractures and split skin grafts,

¢  Venous access may be very difficult and may
requrire central line.

o Intraoperative monitoring of ECG is mandatory
In electric burns s there are high chances of
arrhythmias,

Choice of Anesthesia

Lower limb surgeries can be performed under
central nearaxial blocks. Patents with electrical
burn can have neurological Injuries. They should
be evalumed for neurological deficies before giving
reglonal anesthesia.

General anesthesla

Induction

Dose of Intravenous induction agent may be
slightly higher because of the large volume of
distribution {hyperdynamic clrculation) and
Increased metabolism. Increased protein loss
can lead 10 an Increased unbound fraction of
benzodiazepines and thiopentone,

Intubation: Alrway may be difficult due 1o
contracture of face and neck. Awake intubation
under fiberoptic bronchoscopy may be required.
If that is not possibbe then contracture is released
under intravenous ketamine and then intubation
Is done,

Muscle relaxants: Presence of exirajunctional
receptors contraindicates the use of succinylcholine
Jar one year and decreases the seasitivity (increase
dose requirement) of nondepolarizers.

KEY POINTS

o Manaosment of trauma patlents poses unique challenges due to déicuty in obtaining 2 medical history,
Inadequate fasting, mtoxication, multipke sjurks and shock.
o Systolc blood pressure of at least 5090 rmm Hg is recommended before induction

Lomg,
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Anesthesia for Orthopedics

Orthopedic anesthesia poses special problems
due 1o lengthy procedures, Increase blood
loss, positioning, tourniguet-reluted problems,
complications like fat embolism and deep
vein thrombosis, Increased age and associated
diseases like rheumatodd arthritis and ankylosing

spondylitis.

COMPLICATIONS OF ORTHOPEDIC
SURGERY

Excessive Hemorrhage

In orthopedic procedures not done under
tourniguet, there may be excessive biood loss.

Toumniquet-related Problems

Tourniquet is used to decrease the intraopera-
tive bleeding. Complications assoclated with
toumiguet are:

During inflation: Hypertension, Increased cardiae
output and increzsed pulmonary arfery prossure.
This is due to Increased blood volume associated
with exsanguination,

During tourniquet:

i. Metaballc changes: Local tissue ischemia
leads to acldosis [(muochondrial pO,
becomes 2ero within 6 minutes of wurmiguoet
inflation),

ii. Pain is due to cellular ackdosis, therefore may
not be relleved by Intravenous analgesics. It is
relleved only by deflation.

During deflution:
i Hypotension because of sudden release of
nccumulated metabolites ke thromboxane
and substance I,

il. Hypothermia due to heat loss as acid meta-
bolites are vasodilators.
il Transient membolic acidosis.
iv. Increase In end tidal GO, (which is accumu-
lared (n limb),
v. Trunsient decrease in central venous oxygen
tension (because of acldosss),
Deflation is the most eruclal period. Cardiag
arrest may oceur at the time of deflation due to
hypotension and release of acid metabolites.

Post-tourniquet: Neuropraxia may occur i
wumiquet pressure is high or time i prolonged.
Pressure in towrniguet should not exceed more
than 2 hours for both upper and lower lmbs. If
re-inflation is needed, then it should be should be
deflated for at least 30 minutes before re-inflaring.
Pressure In tourniquet should not exceed more
than 100 mm Hg above systolic {maximum- 250
un Hg).

Fat Embolism Syndrome

Usually seen after fracture of long bones and peivis
Incidence of signiticant embolism after long bone
and pelvic frnctures may be as high as 15%, Fat
embolism classically presonts within 23-72 hours
of fracture, Due to rimming the incidence of fat
embolism syndrome (FES), is higher in nailing as
compared 1o plating,

Pathophysiology

Fat embali relessed from long bone causes
endothelial injury in the lungs and brain, which
can precipitate acute respiratocy disttess syndrome
(ARDS) and cercbral edema respectively. In some
cases fat emboli may cause renad faliure.



Signs and Symptoms

Dyspnea, chest discomfort, rachycardia, hypo-
ension, mental clouding, restlessness, seizures,
delitlum, petechial hemorthage on upper chest,
axilla and conjunctiva, hvpoxia and finally coma
and death, The triad of fat embolism syndrome is
dysprea, confusion and petechial hemorrhages
Petechial rash is pathogromonic of FES,

Investigations

o  The fat globules in urine are helpful in
dizgnosls, but may not necessarlly indicate the
progression to fat embolism syndrome.

s N-ray chest shows diffuse interstitial infiltrates,

o FOG shows the right ventricular strain,
Capnrography shows fall in end tidal €O,
(ETCO, may become zero if embolus is large
enough to block the main pulmonary artery).

+  Coagulation sbnormalities like increased
clotting time and decreased platelets.

*  Serum lipase is increased (but has no relation
10 the severity of disease).

Treatment

Stabilization of fracture: Early stabilization of
fracture may prevent far embolism,

Treatment includes:
L Oxygen therapy
ii. Il hypoxia persists on oxygen therapy consider
intermittent positive pressure ventilation
(IPPV) with positive end expiratory pressure
(PEEP),
L Reduction In raised Intracranial tension
(if these are CNS symptoms}.
tv. Corticosteroids, heparin (which stmulates
circulating lipase that breaks neutral fat),
ethanol {act as a lipase inhibhior in sup-
pressing rise in farty aclds) and hypertonle
saline (ucts as alrernarive metabolie fue)
thereby blocking mobilization of fany acid)
are now consldered as outdated treatment
modalities.

Cement implantation Syndrome

Cement implantation syndrome [CIS) occurs
more commonly in total hip replacement where
cemented prosthesis s used. There occurs
hypoxia, profound hypotension or even cardiac
arrest. It may occur because of embolization of

bone marrow debris, microembaoli or fat due o
Increased intramedullary pressure created by
cement or due to reaction (o cement (methyl
methacryiate),

The trestment includes Oxygenation, adequate
hydration and adrenaline for severe reactions.

Deep Vein Thrombosis and

Pulmonary Embolism

The incidence of deep veln thrombosis (OVT) and
pulmonary embolism (PE) is highest in orthopedic
patients particulatly after hip surgery due o
prolonged immobilizaton. the (ncidence of futal
PE after hip surgery can be as high as 1-3%. Many
centers start low maolecular 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 compiications of different pasitions see Chapter
14, page no, 146). There have been case reports of
stroke or even beain death in showlder surgeries
done In beach chair position due to ischemia.
Therefore, invasive blood pressure is highly
recommended for shoulder surgeries done in the
beach chair position with transducer 2eroed at
the level of external auditory meatus to denote
cerehral perfusion pressure.

CHOICE OF ANESTHESIA

Most of the arthopedic surgeries are performed
under regional anesthesia. Regional anesthesia
(s always preferred over general anesthesia due to
decreqse incidence of thrombosmbaoiism, decrease
hlood loss, tesplratory complications and better
control of pain.

Upper limb surgeries can be performed under
brachial plexus block, Small procedures lasting
less than 30-45 minutes can be performed under
Hier's block. Lower limb surgeries are performed
under spinal/epidural or combined spinal
epidural (most preferred technique).

General anesthesia is required either for very
prolanged surgeries of upper limb, shoulder or
spine surgeries or when regional s not possible.
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Pain management: Postoperative pain manage-
ment is one of the standards to define the quality
of care in orthopedics. Other than continuous
epidural various nerve blocks like continuous
adductor canal block for knee replacement, fascia
iaca/femaral nerve hlock for hip surgeries,
brachial plexus block for upper fimb surgeries are
frequently utilized for postoperative analgesia,

ANESTHESIA FOR SPINE SURGERY

Spine surgery is performed under general
anesthesia In prone position. Therefore,
complications related to prone position ke
endotracheal rube dislodgement, airway edema,
injury to brachial plexus and peroneal nerve,
injury o genitalia and breast. ocular injury (post-
operative vision loss), hypotension do oceur.

Monitoring

Other than routine monitoring, monitoring of
apinal cord function is required for major spine
surgeries Hke scoliosis. Wake up test done in the
past Is not performed In current day practice, The
function of the spinal cord is monhored by evoked
responses like somatosensory evoked potenrial
(SSEP), motar evoked potential (MEP) and
clectromyogmm (EMG).

As inhalational agents can depress these
evoked responses their concentration should
be kept at half minimum alveolar concentration
(MAC). IV agents preserve evoked responses
except a little inkibition seen with Propafol.
Muscle relaxants cannot be used during MEP
monitoring.

KEY POINTS

Cathac Amect can oo at e time of Logmiguet deflunon

Predaire In 10umquat shoud not ekcaed mose than 100 mmHG above sysiolc ortiue 3nd duration should
HOt eteed mose than 2 nours for both upoer and owes brbs

The triad of far embolsm synarome is dysprea, confusion and petechal hermarmages. Fetechial rash s
pathognomonic of FES.

Cement Implantation (redroms may be chaeacterined by hpooda profound hypoterion O even Cashac
arest

The iIncdencs of fatal PE gfter hip surgery can be s high as 1394

There haye bedn (s reporty Of stroke O even Dran death) in shoulder surgest done in the Deach chai
posibon

Aeniony’ sresthesia & dlways prefered over ceneral anaithesia due 1o fess incidence of thromboembalkam
less blood los, fewet respratony camphtations and becter conttol of pain

The function of the spind cond % moantoeed by evaked responses (ke somatosensary evaked patensis (SSEF),
motor eveked potertial IMEP} and electromyogram [EMG)



Anesthesia at Remote Locations

ANESTHESIA AT LOW BAROMETRIC
PRESSURE (HIGH ALTITUDE)

The patlents at high altitudes {low barometric
pressure) have chronic hypoxia which can lead
to polveythemia, pulmonary hypertension,
decreased pCO, (due o hyperventilation) and
lower bicarbonate concensration {as a compensa
tory mechanism to low pCoO,).

General Anesthesia

*  Potency of anesthetic gases is proportional
to their partial pressure. Therelore, at high
altitudes where the barometric pressure
Is decreased. the polency also decroases,
The potency of nitrous oxide is reduced to
50% at altirudes 3,300 meters. Therelore,
it Is recommended that nitrous oxide
should not be used at altitudes more than
2,000 meters

*  Density of gases decreases ot high altitudes,
therefore, rotameter under reads the actual
Sflow rate and this estor may be up to 4 liters/
minute.

» Ataltered barometric pressure, all vaporzers
(except desflurane) deliver fixed partial
pressure of vapor. Therefore, vaparizer settings
need nat be changed at low or high barometric
pressure excopt for desflurane, which needs an
upward adjustment at high altiude.

*  Venturi type devices dellver higher oxygen
(Becuuse of decreased density and resistance),

»  Blood loss during surgery is more due o high
venous pressure and blood volume.

* In the postoperative period, chances of
hypoxemia are high due to low ambient partial
pressure of oxygen

Regional Anesthesia

The incidence of postspinal headache (s high due
to incressed CSF pressure.

ANESTHESIA AT HIGH PRESSURE
(IN HYPERBARIC CHAMBER)

General Anesthesia

¢ Tissues can become supessaturated with
nitrous oxide causing significant diffusion
hypoxia. The effect of supersaturation is more
evident in belivm atmosphere, therefore
nitrous axide should not by used in helium
anmosphere.

¢ Rorameter will falsely give high values due to
Increased gas density.

*  Endotracheal tabe cufl should be fitled with
water or saline.

*  The vaporizer output becomes less,

«  Regional anesthesta Is safe.

ANESTHESIA OUTSIDE
OPERATING THEATER

Nonoperating room anesthesin means all pro-
cedures done outside the operation theater. For
example, anesthesia services utilized in radivlogy
(MRI, CT scan), gastroscopy suites, intervention
cardiology and neurology, ete. Anesthesia outside
Operation Theater possesses followlng chsllenges
10 an anesthetise:

*  Procedure rooms are often small and crowded
making placement ol anesthesia machine,
drug trolley, emergency can and patient
access ditficult.

*  Noanavallability of adequate equipment,
monitors, weehnical support and help in case

of emergency,



Many times, like MRI suites, anesthetist stands
far away from the patient.

Unlike surgeons, many of the medical proce-
duralists do not understand the intricacles
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
sicker than surglcal padents, In splte of that,
they are seldom evaluated and medically
optimized In preoperative period.

Risk of exposure to radiation.
Contrast-related anaphylaxis can occur in
radiology procedures,

Majority of the times, cases come as unhooked
and so, disturbing the schedule.

Patients may not be adequately fusting.

In spite of the high risk and adverse working
circumstances, anesthetdsts are almost alwoys
undercompensated financially as compared to
surgical cases,

Fasting

Insdequate sedation leading 10 conversion o
general anesthesia s very common, therefore,

full fasting recommendation, i.e. 6 hours for light
food, 8 hours for a full meal, and 2 hours for water
(s mandatory.

Monitoring

Other than pulse oximetery, ECG and
BP, capnography [nasal capnography for
spontaneously breathing patients) &s highly
desirable; capnography can pick up life-
threatening complications very carly.

Anesthesia

Mast olten elther sedation with midazolam
or total intravenous anesthesta (TIVA) with
Propofol + Remifentanil (in India fentanyd, due
10 nenavailabitity of remifentanil) is utilized
for nonoperating room procetures,

For MRI suites, everything including anes-
thesia machine, manitors, oxygen cylinders
must be MRI compatible, Le. nonferrous. The
equipmments used in MEI sultes are made up of
aluminum.

KEY POINTS

At high altitude, metarnetes et reack the actual flow rate.
Vaporer set1ings nesd not be chanoed st low or high barometric pressure, exospt for desfirane
The nckience of postspine headachie is high at high altinude

Nitrows cxide shauld ot be used (n helium atmosphere.

Small ant! crowded space, nonavalistility of adequate equpment, monitars technizal support and help In
case of ernetponcy, inadequate preaperilive evduation of patents and Inadequane knowdedae of anesthesia
Infricacies by medical rotadurlins make NoNopenalng 1Com anesthasia very chalienging and feast prefiened

by mgjority of anesthetists

Full fasting recormmenditions are requiced for fnon-opesatineg rmom anesthesis,
Capnography i highly desirable for nenceeniing roam anesthnia
Maost oftan, other sedatian with midasolarn of 1otal intrivencus anastivesia { TIVA) with Propafol + Remifentanil

15 utilized for noroperating room procedures

“For MR[Suites, armsthes s machine, monitors and cxyoen cylinoers should te made up of suminum,




Anesthesia for Day-care Surgery
(Outpatient/Ambulatory Surgery)

In day-care surgeries/procedures the padent is
admitied, procedure done and is discharged on
the same calendar day, If the patlent stays for one
nighe, it bs called as “short-stay surgery/ procedure”
Over the vears, there has been tremendous
increase in day-care surgeries/procedures due 1o
the following reasons:
¢ Decreased hospitalization and hence the cost.
«  Early smbulation {that’s why called as ambula-
tory anesthesia) decreases the complications
like pulmonary embolism.
¢ Less incidence of hosphal-acquired infections,
*  Hospital beds can be utilized for other needy
patienrs.

SELECTION OF SURGERY/PROCEDURES
AND PATIENTS

¢ Surgeries associated with major bemodynamie
alterations, postoperative complications,
requiring prolonged immobilization and
parenteral/epidural analgesics, are not
considered for day-cire surgeries. Duration of
surgery is mo Ionger a parameter to exclusion.

* Although the American Society of Anesthesio-
logists (ASA) grading is not an absolute para.
meter, bowever, usually ASA goacde 1, I and 111
(with their disease well controlied) patients
are considered for day-care procedures,
Obesity (not even the morbid obesity with
obstructive sleep apneal is a barrier 1 day-
care procedures.

¢ Age is no bar for day-care surgery; even 4
newborn or 100.year-old patient can be
considensd, The only exclusion s prematures
wp fe Stth postconceplion uweek because

premarures e at high risk of apnea up to 50th
pustconception week,

*  Patients not accompanied by responsible
attendant cannot be considered for day-care
Surgery.

PREOPERATIVE ASSESSMENT
AND PREMEDICATION

Priog assessment of a patient for day-care surgery
should be done 1o avoid on-the spot cancellation,
which is very uncomlortable 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 mos
important goal for premedication for day-care
patienis Is 10 relieve the anxiery. As Benio-
dizzopines can delay the recovery, the preferred
method of relieving anxiety should be non-
pharmacological (1aking to the patient in detail
to clear his/her doubts), I deemed necessary,
then only benzodlazepines should be used.
Because of the shorter half-life, midazolam is the
benzodiazepine of choice for day-care patients.
Patients who are at high risk of aspiration
should be given prophyvlaxis with ranitidine and
metoclopramide,

Premedication with oral NSAIDs has been
found to be very useful in reducing the requirement
ol opiokd analgesics.

Nil prally guidelines are same, i.e. 6 hours for
light meal, 8 hours for full meal and 2 hours for
clear fludds {water),



ANESTHESIA FOR DAY-CARE
PATIENTS

Monitoring

(iher than routine monitoring, bispectral Index
(BIS) monitor to measure the depth of anesthesia
is supgested for day-care surgery, however, still
considered optional because of its high cost
and insignificant difference ln awake time in
patients whom BIS was used vs. in whom BIS was
not used.

GENERAL ANESTHESIA

To avoid the complications of Intubation
(especislly postoperative sore throat), general
anesthesia (GA) with laryngeal mask airway
(1.MA) is always preferred over intubation, [tks now
considered safe 1o do even laparoscopic surgeries

in LMA In patients who are adequately fasting and
do not bave a risk factor for aspiration.

Induction: Propofol is the agent of choice for
induction because of itsraphd, smooth recovery and
antiemetic property. Propofol autoco-induction,
the technigue in which 30 mg of propofol Is
given as an inital dose, has been found 1o reduce
the requirement of propofol, hasiening the

recovery.

Maintenance: Due to lowest blood gas coefficlent,
Desflurane has carliest induction and recoery,
therefore, is the inhalational 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 itselfis eliminated from
bexty in 3-5 minutes).

Intravenous analgesics: Nonopiowds like NSATDs,
can be used salely. Oploids should be avaided
if possible. Remifentanil because of its ultra.
short half-life (10 minutes), is the most preferred
opioid.

Muscle relaxants: Short duration of action (10
minutes) makes misacurium as prefereed muscle
relaxant for day-care surgery. Succinylcholine,
in spite of having short duraton, is usually not
preferred due to high incidence of postoperative
myalgla,

TOTAL INTRAVENOUS ANESTHESIA

This is the technique where only intravenous
anesthetics are used (nao inhalational, no muscle
redaxant), The combination of choice for total
intravenous anesthesia (TIVA) Is Propofol +
Remifentanil

REGIONAL ANESTHESIA

Reglonal nerve blocks are simple and safe
technigues for day-care surgery. In current-day
practice, spinal anesthesia is frequently used for
day-care patfents, however, with small gauge
pencil tip-needles and short/intermediate-
acting agenis like prilocaine or chloroprocaine.
Lignocaine in spite of Intermediate durasion is
not preferred due to the possibility of ransient
neurvlogic symptoms (TNS]. 1fa long-acting agent
like bupivacaine has 1 be used, then the spinal
should be “selective spinal anesthesta (SSA)"
which entails giving minimal doses to 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 monitoring with or without sedation while
surgery/procedure is performed under local
pnesthesia. Most preferred drug Jor sedation is
midazolam. Somotimes, 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 comman ). 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 11 [step down) postanesthesia
care unit (PACU), This will decrease the cost and
Lacilivate carly discharge.

The incidence of unexpected admission
(unable 1o discharge) varles from 1% ta 6%, The
two 1most common canses of unexpected admission
are uncontrolled pain and nausea and vomifing,



Criteria tor home readiness are:
1. Vital signs are stabie for more than 60 mimutes.
i There s no nawsea (or minimal nauses) for ar
least 30 minutes.
UL Patient should be well noented in time, place
and person.
iv. Able 1o walk without dizziness.
v, Should be pain-free (or minimal pain) on oreal
anakgesics.
v There should not be any active bleeding.
vi. Must be accompanied by & responsible
attendant,
viii. Should be able 1o stay In the vicinlty of the
hospital for first 24 hrs,

« Able to accept liquids orally without
vomiting is not a mandatory criterion
in current-day practice. Similarly, able
o pass urine is also not considered as
mandatory criteria even after spinal,
except for high-risk patients like urology/
urogynecology, inguinal or perianal
surgery, age »70, history of wurinary

KEY POINTS

dysfunction or dose of buplvacaine used
for spinal is > 7 mg.

» Patients with obstructive sleep apnea
should be monitored for more than
3 hours and more than 7 hours, if there i
even a single episode of desaturation on
oo air.

Postoperative Instructions for
Day-care Patients

The patlents should be instructed not 1o do impor-
tant and skillful work like driving, operating a
machine for ar least 24 hours. Patients coming
fraom outstation should be advised to stay for one
day near the hospital so that i any problem arises,
they cun be brought back to the hospital.
Although > 50% of the patients complains of
little drowsiness after discharge, the incidence
of re-admission (or emergency visit) is 2-3%.
Most often the re-admission is due to surgicel
complications, such as swgical site infection.

o Duration of surgery, the American Society of Anesthesiclogist (ASA) grading and age lowcept prematused] are
net Sonsicered as absoultn paameters 10 deny a surgesy o0 thiy-care basis,

mivacurkam for muystle relasation,

Migazeiam i the beraodiaepine of choice for dyy-care patients

Nl oally guidelines for day-care patients ae same as for Indoce patinras.

GA wah Raryngeal mask aloesay (LMA) s shvayy preferied over intubagion,

For day-care patierts. plopafol % the mos prefered agent for mduction, @esfurane for mainterance and

o Thecambraton of chaice for TIVA Is Propofiol « Seemintani!
s Spinal anesthesiz i frequently used for day-care patients however, with small gauge pencil tio needies and

short/intprnedinte sciing agants.

s The 2m of dacharge should be fasirack dechange

= The two most common causes ol unexpectad admission ate uncontroliag pam and nasisea and vomitiog,
o Abke o accent hquids and pass urne is rof considerad as mandatory oitira Jor scharging 3 patent afer day

£a18 wirgery,

o Most often the se-admasion is due 40 surgicsl compheatians sach i surgical sife infection




Pain Management

Pain has been designoated 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 questionnaines are
available to assess the pain, The most commaonly
used scales are:

s Visual analog scale: 1t is o horizontal line
divided into 10 equal points (0-10). At one
end, (0 end), the kabel is no pain while ar the
other end (10 ¢nd) the label is worst pain
imaginable, The patient is asked 1o mark the
point where the pain lies,

o MeGHl patn questionnatre (MP): It contains
20 sets of descriptive words. It not only
determines pain intensity but also effective
and cognitive components of pain

» Pediatric scales such as smiley scale with
different faces (at one end the crying face and
orher end the most smiling face ki the child has
10 choose the face as per his/her pain,

« For younger children {usually less than 3-4
years), who even cannot identify the faces,
pain has to be assessed nhjectively, The most
commonly used scale to objectively assess the
pain in these children is Children's Hospital
of Fastern Ontario Pain Scale (CHEOPS). It
includes cry, facial expression, verbal response,
torso (body positdon), touch [towching wound)
andd Legs position.

Pain management may be acute pain manage-
ment or chironic pain management.

ACUTE PAIN MANAGEMENT

Acute pain management is usually synonym
with postoperative management; however, acute

paln management is sometimes utilized for
rauma patlents toa. Inadequate pain control In
postoperative period can elicit the stress responses
which can manifest as immunosuppression, poor
wound healing, Increased myocardial oxygen
demand, decrensed gastrointestinal motility and
chronic postsurgical pain.

METHOD OF RELIEF

Postoperative pain management should have

multimodal approach, which means combination

of different modalities to control postoperative
pain,

o Nonsteroidal anti-inflammatory drugs
(NSAIDs): Whatever the method of analgesia
used, NSAIDs or cyclo-oxygenase.2 (COX-2)
inhibitors should always be the part of
multimodal analgesia because of their anr-
inflammatory property. They can reduce the
dose requirement of opioids by almost one
third.

o Acetaminophen {paracetamol). Acetamino-
phen along with the NSAIDs 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.

e Opioids; Oploids still remain the mainstay
of treatment for postoperathve analgesia.
Although opioids can be given by almost all
routes, however, epidural route Is the mosr
preferred route for paitoperative analgesia.
Bupleacaine (0.125-0.25%) or roplvacaine
{0.2%) with/without fentanyl is the most
Irequently used combination for controlling
postoperative puin.

In case of non-feasibility of epidural, 1V
route is most often utilized for postoperative
analgesia. Excellent patient satisfaction seen



with patient-controlled anaigesia (PCA) has
made ir a method of choice for postoperative
anaigesia 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 burton which delivers 2 prefixed amount of
oplold (usually morphine). A lockout interval
(during which drug will not be delivered) is set
10 avold over dosage.

The ratlonale for the success of PCA s that
pain is best controlled when the analgesic is
delivered cither before or just at the beginning
of pain, The delays in the delivery of analgestcs
by nurses leading to escalation of pain (making
analgesic to become less effective) can be
avoided with PCA devices,

e  Regional nerve blocks: Regional nerve
hlocks with Jocal anesthetics as a single shot
or continuous Infuslon provide excellent
postoperative analgesia. In fact, the nerve
block given hefore skin incision {called as
pre-emprive analgesia) not 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 hence their side
effects) and incidence of acute pain getting
converted into chronic pain, Commonly used
nerve blocks for achieving postoperative
analgesia are:

- Thoracke paravertebral bBlock: Thoracic
paravortebral block I5 used to provide
analgesia for thoracic, breast and upper
abdominal surgeries,

Transversus abdominis plane ( TAP) Iock:
TAP block is very effective to produce
analgesia for abdominal surgeries such
as cesarean section, hermia repidr, ete,
TAP block ks given in the fascial sheath
deep to the internal oblique muscle and
superficial to the transversus abdominis
mnische.

Lambar plexus block {also k/n psous
compartment block) is given to provide
unalgesia for hip and knee surgery,
Femoral nerve Mock and fascia laca
(maodified fornoral) Wock; These blocks are
utilized for hip fractures and hip surgeries.
Brachial plexus biocks: Brachial plexus
blocks are utilized to provide analgesin

for upper limb surgenies.

S AT R AR s

*  Other techniques: Onher technlques which are
occasionally uiilized to achieve postoperative
analgesia, are:

Transcutaneous electrical nerve stimula-
thon (TENS)

Acupuncture

Cryounaigesia: It is produced by cryo-
probes which use compressed carbon
dioxide {CO,) or nitrous oxide (N,O),
They cool the periphentl nerves to -5 to
-20°C to produce analgesia.

Ketarnine infusion in analgesic doses.

CHRONIC PAIN MANAGEMENT

Incidence of chronic pain can be as high as
25-Mr%, Chronie pain has most tangled and
complicated pathophysiology. Chronic pain not
only causes physical pain but damages the patient
psychologically and emotanally also.

‘The main role of 2nesthetist in chronic pain
management Is to glve 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 radiolrequency probes,
which ablate the nerve by burning at 60-90°C,
As chemical Neurolysis can damage adjacent
structures radiofrequency ablation (RFA) is aluays
preferved over chemical newrolysis. Neurolytic
blocks usually provide analgesia for 6 months to
2 years,

'The most commonly encountered conditions
In clinical practice are:

LOW BACKACHE

Low backache is one of the most commonly
encountered conditions in clinical practice, Belore
treating low backache, neurosurgical and/or
orthopedic consultation should always be sought
1o rule out any surgical problem.

The most comumon interventions done for low

backache patients wre:

o  Epidural steroids: Usual indication for
epidural steroid is chronic dise prolapse with
perve root compression. Studies have shown
that only #0-50'% of drug reaches the nerve
roots if steroids are given through epidural
route, therefore, now-a-dav’s transforamina
raute (drug injected as the merve exit through
Soramina) s always preferred over epidural
ruiife,




« Facet joint injection with steroids and radio-
frequency (RF) ablation of medial branch of
pasterior ramus of spinal nerve (supplying the
facet joint) for lscet arthropathy.

¢ Orone/percutancous discectomy for pro-
lapsed discs.

*  Sacrolliac [oint injection for sacroiliitis,

» Vertebroplasty/kyphoplasty (injection of
cement) for vertebral profapse.
NEUROPATHIC PAIN

Mast comman meuropathy encountered in clinical
practice is diabetic newropathy, Drug of choice
Jor mewropathic pain is pregabalin tollowed by
gabapentin {except trigeminal neuralgia which
still responds best to carbamazepine).

Trigeminal Neuralgia
Maost often the pain is in maxillary division.

Treatment

*  Drugof choice is carbamazepine,

«  Patients not responding to carbamazepine
are subjected to radiofrequency ablation
of Gasserlan ganglion or neurolytic block
{radiofrequency/glycerul) of invalvexd segment
of trigeminal nerve (maxillary, mandibular or
very rarely ophthalmic).

Postherpetic Neuralgia
Treatment

¢ Tricyclic antidepressants,

¢ Intercostal nerve hlocks.

¢ Transdermal lignocalne patch/topical
application of eutectic mixture of lignocaine
and prilocaine {(EMLA) cream,

*  Topscal application of capssicin cream or
patch

Complex Regional Pain Syndrome (CRPS)
It is a group of diseases; most of them have
sympathetically mediated pain. [t Is classified
as Type I, which Includes reflex sympathetic
dystrophies such as Raynaud's phenomenon/
disease, Berger's disease, phantom Hmb, Sudeck’s
dystrophy; and, Type 11, which includes causalgia
{neuralgic pain after direct nerve injury is called
as cousalgia),

The hallmark of CRPS i5 extremely painful
limb. The limb becomes extremely sensitive ta

¥ B 1 13
T e L '

paln (hyperalgesial; even a lighs tosch can produce
paln {allodynia), pain may pessist after the end of
stimulus (yperpathia) or patient may feel pain in
anesthedzed area (aneithesta dolorase).

Other clinical features of CRPS are of sym.
pathetic overstimulation of Jimb like burning pain,
increased sweating, edema, decreased blood flow,
hair boss and limb weakness,

Treatment

o Sympathetic blocks: The mainstay of treatment
is sympathetic Wocks. For upper limb CRPS,
stellate ganglion biock Us performed: and, for
lower limb dystrophies, lumbar sympathetic
chain block is performed, Usually 3-7 blocks
are required to break the cyele of pain

*  Alpha blockers, pregabalin/Gabapentin

*  Ketamine infusion

«  TENS, spinal cord stimulation, surgical sym-
pathectomy for relractory cases,

Intravenous reglonal sympathetic block
(chemical sympathectomy) with guanethedine,
which was popular in past, is not recommended
in current-day practice; however, intravenouws
regional block with local anesthetle Is sl
performed occasionally.

CANCER PAIN

Treatment of cancer pain requires multifacered
approach.
*  Pharmacologic therapy:
The WHO recommends step ladder tor control
of cancer pain,
Nonopiolds like NSAIDs, paracetamol for
mild pain,
Weak oploids like codeine for moderate
paln,
Strang opioids like morphine for severe
patin,
Opicdd remaing the malnztay of treatmen) for
cancer pain. Depending on the severity and
feasibility, vplelds are given through many
roules
Oral: Reserved for mild to moderate
cancer pain,
Transdermal fentanyl/udsorphandl patclr:
Patch 15 a very good alternative to oral
route. Fentanyl patch provides analgesia
for 48-72 hours while butorphanol parch
provides analgesia for 6-7 days.
Parenteral: Parenteral route |s wtilized for
sevene pain.




Newraxial: Preservative-free morphine is
used through epldural/spinal catheter, If
thisis effective in relieving pain, the spinal
catheier may be surgically implanted for
long-term use,

* Regional blocks like celiac plexus block
for pancreatic and stomach malignancy,
hypogastric block for pelvic malignancies.

¢ Newrofytic blocks: ¥ block with local anesthetic
is successful, then only neurolytic block should
be considered

¢ Adjuvant therapies liko antdepressants, pre-
gabalin/gabapentin and ziconotide (directly
acting calcium channel biocker).

« For intractable pain, surgical Inmervention
{cordotomy ) should be considerad,

MYOFASCIAL PAIN SYNDROME

ILis a synddrome characterized by muscle pain and
muscie spasm. Painful points (trigger points) are
typical of myolasclal pain syndromes.

Treatment includes physiotherapy, trans-
cutaneous electrical nerve sumulaton (TENS),
acupunciure, topical cooling of muscle and trigger
it bnfecrion with local anesthetic.

FIBROMYALGIA

Fibromyalgia is o very common pain disorder
characterized by pain in different groups of
muscles, easy [atigability and sleep deprivation.

Tre multiple trigger points are pathogrnomonic of

Sfibromyalgla,

Treatment Includes trigger point injection
with local anesthetics, pharmacotherapy (prega-
balin, duloxetine, milnacipran and antidepres-
sants), physlotherapy and cognitive-behavioral
therapy.

COMMONLY USED PAIN BLOCKS

STELLATE GANGLION BLOCK

Stellate ganglion Is formed by the fusion of lower
cervical and fiest thoracic ganglion.

Indications

Usually emplayed for complex regional pain
synadromes (CRPS ) of upper lirk, Other indications
may be intra-arterial thiopentone injection
and hand pallor (ischemia) following radial
artery cunnulation for invasive bloed pressure
monitoring.

; mamm-um‘ |

Technique

It is blocked anterior to the tubercle of transverse
process of C6 vertebra called as Chassaignac
tulwrely,

Signs of Successful Block
o Horner syndrome. which consists of;
Miosis.
Enophthalmos
Prosis.
Anhydrosis over the ipsilateral face and
neck up to T3,
Absence of pupillary dilatation on
shading the eye,
Absence of ciliospinal refiex (dilatation
ol pupils when skin over neck is
pinched).
*  Flushing of face.
o Confunctival congestion (mast often the first
sign ),
*  Nasal stuffiness (Guitrmann’s sign)
»  Congestion of tympanic membrane (Mueller's
syndrome).
* Increased skin temperature,
= Lacrimation (due to involvement of superior
cervical ganglion by cephalad movement of

drug).

Complications
* Brachial plexus block causing unnecessary
sensory and motor block.

¢ Recurrent laryngeal nerve 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.

»  Pneumothorax

»  Esophageal perforaton and medisstinits

¢+ Hypotension due to sympathetie block and
bradycardia due 10 blockade of cardivaceele-
ator fibers (T1-T1) by downward spillage of
drug,

* Bleeding, hematoma snd intravasscular
Injection.

TRIGEMINAL NERVE BLOCK

Trigeminal nerve has three main branches
ophthalmic, maxillary and mandibular.




o SECTION 8: Subispecialty Anesthetic Management

Indications

The principal Indication of rigeminal nerve block
is trigeminal newralgia, Depending on the site of
involvement block may be given at Gasserian
ganglion level {at foramen ovale) or at one of the
branches {usually maxillary or mandibular),

Technique for Maxillary and

Mandibular Nerve Block

# cm long 22 G needle bs inserted at the inferior
edge of coroneid notch tll lateral prerygoid plate Is
encountered {usually at 5 om). Needle is walked off
anteriorly for 0.5 am to block maxillary nerve and
posteriorly to block mandibular nerve (and hence
its branches viz., buccal, auriculotemporal, lingual
and inferbor alveolar),

Complications

Block of maxillary nerve can cause temposrary
hlindness due 1o optic nerve involvement. While
blocking mandibular nerve pharynx may be
eniered superior o superion constictor

INTERCOSTAL NERVE BLOCK

Indications

Intercostial nerve block Is performed for post-
operative analgesia. rib fractures and herpes
TOStET.

KEY POINTS

Technique

Usually performed in mid or posterior axillary line
at the inferior border of rib,

Complications

s Pneamothorax

o After intercostal block, highest Wood level of
local anesthetic is ackieved per volume of drug
infected,

CELIAC PLEXUS BLOCK

Celiae plexus block is usually given for pain relicfin
gastric and pancreatic malignancy. Most conumon
complication is kypolension

LUMBAR SYMPATHETIC CHAIN BLOCK

Lumbar sympathetic chain block is usually utllized
for CHPS of lower limb, especialy Berger's disease.
[t is blocked anterior to lumbar vertebral bodies.

SUPERIOR HYPOGASTRIC BLOCK

Superior hypogastric block is performed for pain
relief for pelvic malignancies.

GANGLION IMPAR BLOCK

Ganglion impar (ganglion of Walther) i used lor
pain relief of perineal arca,

posteperative analgesia,

of traatmant for facar artiopathy,

Visud aneog scale s the most commonly used scale for parn assessment

Postopearye pain managemeant should have muitimadal approach,

Opiaid remmains the mainstay of reatment for post-aopermatve anakgesa,

Fpicoral route 5 the most prefermid route foe postoperative analoesia.

Patient-controled anelgesia (PCA) 5 the method of choice if apiaids have to e grven by parercery route
Neglanal rerve Blocks with locsl aneahetics as 4 Sogle sher or continuous infusion proside exxcellen:

Radicirequency ablation (RFA) is atwarys peeferred over chermacal neumlyss
Tearsioraming route for the delivery of steroids |5 preferred over apldural soute
Radefreguency (3F) atlaton of medal branch of posterior ramut of splsal nerve & the mott defirtive modsbity

Mosscommon neuopathy encounteied in chnical oractice s dabets pevrcpathy
Drig of choice for neurpathic pan & pragatalin foluwed by gabagerinn

Trigomenat neursiga 2ill responds best 10 Carbamazepne

For uppes Embs CRPS, sietfate ganglion biock (s pedormed. and, for lower limb dystrophies, lumibar syrtgiat hetic
chain block & perfommeds,
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Intensive Care Management

INTENSIVE CARE UNIT

First intensive care unit (ICU) was started (n 1953

Total number of beds in 1CU should be 10% of

hospital beds. Each bed should have 20 m® floor

area. The patients usually coming to 1CU are:

¢  Those who are In respirstory fallure and need
mechanical ventilatory support,

* Those who require very high level of
monstoring,

*  Those who are at high risk of geing in cardio
respiratory fadlure.

ACUTE RESPIRATORY FAILURE

DEFINITION

Respiratory failure Is the inability of lungs to
maintain adeguate oxvgenation with or without
acceptable efimination of carbon dioxide,

As a guideline, acwle respiratory failure is
considered to be present If partial pressure of
oxygen (p0,) is less than 60 mm Hg, pCO, over
50 mm Hg and pH less than 7.30 (however pC0,
may be normal or even decroased in early phases
of acute respiratory failure),

Elevated pCO, in presence of normal pH
constitutes chronic respiratory failure {as pH is
compensated by renal tubular reabsorption of
bicarbonate ).

CLASSIFICATION
Respiratory fallure is classified in three types:

Type | or Oxygenation Failure
This is characterized by:
= Low pO, (<60 mm Hg).

o Increased pAQ, (aiveolar)=—pal), (arterial)
gradient.

o Increased dead space {increased VD,/VT) and
venous admixiere.

¢ CO, is usually normal or even low (due to
compensatory hypervemilation) but can be
high in advance cases.

Causes

+  Acute respiratory distress syndrome (ARDS).
* Chronic obstructive pulmonary disease
(COPD).

Pulmonary edema

Asthma,

Pneumonitis

Prieumothuori,

Pulmonary hypertension.

Pulmonary embolism.

[nterstitiol lung discase.

Type Il or Hypercapnic Ventilatory

Failure

This Is characterieed by increase in pOO, (> 50 mm
Hg), pO; Is usually normal {but may be low if pCO,
rises to more than 75-80 mm Hg). pAOQ-pad), s
normal.

Causes
*  Overdosage of narcotics/barbiturates/
betzodiazepines/anesthetics.

o Hesldual paralysis of muscle refaxants.

»  Central causes, such as bralnstem infarction/
hemorthage.

*  Disorders aflecting the signal transmission
to respiratory muscles like Guillain-Barré
syndrome, myasthenia gravis, multiple
sclerosis, spinal cord injury.



«  Disorders ol respiratory musches such as polio-
myeditis, tnuscular dystrophies.
o Injury to chest wall like flail chest.

Type lll or Combined Oxygenation and
Ventilatory Failure

Theoretically any condition causing type 1 and
type 11 failure can progress to type 111 failure,
however, the usual causes of type T failure are:

«  ARDS

« COPD

o Asthma.

MANAGEMENT OF RESPIRATORY
FAILURE

*  Supplemental oxygen with or without conti-
nuous positive mirway pressure (CPAPL

«  Mechanical ventilation, including addition of

positive-end explratory pressure (PEEP).

Inotroplc support to heart.

Management of shock.,

Nutritional suppost.

Control of infection/secretions.

Maintenance of other organ functions

General nursing care,

SUPPLEMENTAL OXYGEN

For mild to moderate cases, supplemental oxygen
therapy may be able to achieve pO, of B0 mm
Hg. Supplemental oxygen can be delivered by
various oxygen delivery devices llke mask, nasal
cannula, Venturd mask or by T plece antached o
endotracheal or trachegstomy tube during the trial
of weaning from ventilator.

Ideally, inspired oxygen concentration [FiQr,)
shauwld not exceed more than 50%, otherwise
oxygen toxicity can occur. if the patient is not able
10 maintain oxygen saturation by oxygen delivery
devices, noninvasive positive pressure ventilation
(NIPPV) should be tried, If situation permits {see
section of NIPPV] before proceeding to ntubation
and mechanical ventilation,

Oxygen therapy is helpful in improving axygen
saturation in all types of Iypaxia except histotoxic
hypovia, maximum benefit Is seen In hypoxic
hypoxia. Hypoxia produced by siunts (whether
intracardiac or Intrapulmonary) is nor fully
corcected even by inhalation of 100% axygen.

MECHANICAL VENTILATION OF LUNGS

Indications

Purting a patient on ventilator Is more or less a
clinical eriterlon however the general guidelines
are;
o Onthe basis of blood-gas analysis:
PO, <50 mm Hg on room air or <60 mm
Hg on FIO, [inspired oxygen) > 0.5 (50%).
pH <7.25 (acute resplratory fallure),
PO, 250 mm Hg,
pO./Fi0, <250 mm Hg {normal >400)
plA < a) O, gradient =350 mm Hgon 100%
OXYRen.
o O the basis of pulmonary functions:
Respiratory rate >35/minute.
Vital capacity <15 ml/kg.
Dead space volume (V,/'V ) >0.6 (60%).
Peak negative pressure < <20 cm Hy 0.
- Tutal volume <5 ml/kg
o Other:
Excessive fatigue of respiratory muscles.

- Loss of protective airway reflexes which
makes patient vulnerable for aspiration,
Inahility to cough adequately.

Mechanical ventilation of lungs is carried
out by intubating the patient by nasal vr 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 initintes (triggers) breath? Patient
spontanoous breath (therefore called as assist
ventilation) or ventilator (therefore called as
control breath).
What sustains breath? Preset volume (fix preset
tidal volume is delivered therefore called as
volume targeted or volume controlled ventili-
tion) or preset pressure (ventilator will deliver
till preset pressure is attained, therefore, called
as pressure targeted or pressure controlled
ventilation).

3. What terminates inspiration or other words
what cycles ventilator to start expiration
(therefore called as cycling)? The vardable
may be preset tidal volume (ventilator will
start expiration once the preset tidal volume is
dellvered), preset pressure (ventilator will stare

I~



explration once preser pressure 1s attained ),

set Inspiratory time is lapsed (can be set by

adjasting Insplratory 10 explratory ratio, E

rutho) or preset insplratory Bow s delivered.

So, broadly speaking. ventilatory breath can
be volume preset (volume targeted/controlled)
or pressure presel (pressure targeled/conrrolled)
breath.

The chiefl advantage of volume preset breath
Is assurance of delivery of preset tdal volume
and hence decreased chances of hypoventilation;
however, the chiel disadvantage is increased
chances of barotrauma, il airway pressure
increases or lung compliance decreases.

The chief advantage of pressure targeted
ventilation is maintenance of preset airway
pressure throughout the inspiration thercby
decreasing the chances of barotreuma, Since tidal
volume varies to maintain the preset pressure,
the chief disadvantage of pressure controlled
ventilation is the increased possibility of
hypoventilation,

Depending upon the mode of ventilation
selected ventilator will combine these three
variibles to deliver it breath,

I. Time/patient initiated and volume cycled:
Triggering [initiation) factor for start of
respiration is either time {determined by
setting the respirstory rate (for example, il set
frequency is 10 breaths/min, ventilator will
initiate breath after every 6 second| or patient
spontancaous breath.

Inspiration 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 hypaventilation while the disadvantage is
maore chances of barotrauma.

2. Time/patient (nitlated and pressure cycled:
The breath 15 initiated by time or patient
spontancous breath, Ventilator will cycle to
expiration after attining preset pressure for
preser tme (pressure preset time cycled) or
tlll the delivery of preser flow {pressure preset
flow cycled). As discussed above, thar 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.

3 Dual control: New ventilators can combine
the benefits of both volume and pressure
venolation,

Initial Setting of Yentilator

The usual initial parameters set on ventilstor are:
Tidd volume s -8 mbikg
Resplratory rage (frequency) @ 10-12 breaths/min.
Inspiratory (1) - Expiratory 1:2

(E) rato

Inspiratory flow rate 1 60-B0 liters/min,

Trigger sensitivity {semai-  : -l1t10-2em H,0

tivity of ventilator 1o detect

patient spontaneous breath)

PO, (delivered ¢ «0.5(30%).

concentration of oxygen) Initially, patient is
started with 100%
axygen (HO,-1.0)
but should be
reduced to less
than 0.5 at the
carliest if patient
mitintains oxygen
saturation >90%

Modes of Ventilation

o Controlled-mode ventilation (CMV); also

called as intermittent positive pressure
ventilation (IPPV) (Fig. 40.1).
As the name suggests, in this mode the ol
breathing of the patent Is controlled by
ventilator at preset tidal volume (or preset
pressure) and respiratory rates there is no
spontaneous effort by the pationt,

The major disadvantage of this mode is
that the intrathoracic pressure always remains
positive decreasing the venous returm and
cardiac output,

Fig. 40.1: Cantrolled mode ventiation (CMV)




Fig. 40.2: Assist-control ventéation (AC)

Asstst-controlled (A/C) ventilation (also
called as continuous mandatory ventilation)
(Fig. 40.2):

As the name suggests, In this mode, ventilator
assists the patient spontaneous breath to
a preset tidal volume and can also deliver
control breath, if required.

For example, il the preset rate with venti-
Tator s 10 breath/minute and patient's sponta-
neous breath are 5 then ventilator wil assist
those 5 breaths and remaining 5 breaths it will
deliver In control mode (means ventilator need
to work in asskst as well as control mode). If the
patient’s spontancous rate exceeds the set rate,
say, it becomes 12 then ventilator will assist
those 12 breaths (means ventilator is working
in only assist mode). I patient becomes
apneic then all 10 breaths will be delivered in
controlled mode (means ventilator is working
in controlled mode ).

In A/C mode. ventilator breath is initated
(triggered) by patient spontaneous breath.
Ventilator detects patbent’s spontaneous effore
by either detecting negative pressure in alrway
{trigger sensitivity) or by detecting inspiratory
flow generated by patient's spontancous
breath,

Synchronized intermittent mandatory venti-
lation (SIMV) (Fig, 40.3):
In this mode, the ventilator delivers the preset
mandasory breaths; however, these breaths are
synchronized with the patient’s spontaneous
breaths, meaning by that ventilator will deliver
{15 breath elther between patient’s spontaneous
efforts or will coincide with inspiration. never
during expiration.
The advantages of SIMY aver CMV are:
Less hypotension: As there occurs good
venous retum during spontaneous breath,

Fig. 40.3: Syncheonized intermittent mandatory
wentilation
the hypotension is less as compared to
CMV.
As there s no synchronization with
patient breath in CMV, the patient need
to remain heavy sedated or to receive
muscle redaxants in CMV.
As there is spontaneous breaths, patient
da not feel the sense of breathlessness in
berween ventllatory breaths,
Disadvantages of SIMV:
- Increased hyperventilation (patient
spontaneous breath + ventilator manda-
tory breaths) can cause hypocapnia and
increases the work of breathing,
Inverse ratio ventilation (IRV}): The normal
1:Eratioof 1: 2 isteversed 1o 2: 1. Doubling the
inspiratory time will double the gas exchunge
time. Like in CMV, the patients in IRV also
need heavy sedation or muscle relaxanis,
Pressure suppor! ventilation (PSV) (Fig. 40.4):
As the name Suggests, a preset pressure is
delivered to each breath of the patient to attaln
a desired tidal volume. The ventilator will cycle
1o expiration once the predetermined flow falls
below 25% (flow cycled),

To begin with usually a pressure of
# cm H,0 is applied and then titrated 10
achieve the desired tidal volume, The aim
of PSV 15 to decrease the work of breathing
and to overcome the resistance offered by
endotracheal tube and ventilator tubing,
PSV can be used alone or in comhination
of SIMV.
Praportional-assisted ventilation (PAV): PAN
is similar to PSV. the only difference is that In
PAV, ventilator delivers the required pressure
by calculating the lung compliance, not a
fixed pressure as in PSV further decreasing the
chances of barotrauma.



Fig. 40.4: Pressure suppon ventilstion [PSV)

Pressure-controlled ventilation (PCV). In
PCY, ventilator maintains a constant preset
pressure for a preset time. Ventilator will oycle
10 expiration once preset time s lapsed (tme
cycled). Tidal volume is determined by set
inspiratory flow and inspiratory time. As ndal
volume Is variable the patient is more prone for
hypoventilation but less prone for barotrauma,
Newrally adjusted ventliatory assist (NAVA):
The diaphragm activity is sensed by a sensor
placed in distal esophagus 1o trigeer ventilatory
breath.

Dual mode ventilation: New ventilators can
combine the benefits of both pressure and
volume ventilation to deliver mixed breaths,
Although the different terminologies used
by different manufactures have made these
maode complicated bur the most fundamental
characteristic of these modes Is that the
breath delivered (s volume guaranteed
(decreasing the chances of hypovontilation)
amid pressure regulated (decreasing the chances
of barotrauma).

The most commonly used dual mede In
India is pressure-regidated volume control
(PRVC). In this mode, upper level of pressure
is set to prevent barotrauma and lower level
of pressire is set to prevent alveolar collapse.
The ventilator adjusts between these pressure
HUmits 1o dellver the preset tdal volume at
preset eate. As PRVC offers the combined
benelits of volwme und pressure PRVC can be
considercd ax maode of choice for ventilation in
current day critical care practice.
High-frequeency ventilation: This mode is
applicable in conditions in which adequate
tidal volume cannot be delivered; therefore,
minute yolume is compensated by high
frequency. High frequency ventilation is

delivered through special high-frequency

devices. High-frequency ventilatdon may be:

High-frequency positive-pressure ventilation

where frequency is 60-120 cycles/min.

High-frequency jet ventilation where fre-

quency is 100-300 cycles/min with gases

at high pressure of 60 psi. This is the maost

commonly used mode for high frequency

ventilation.

High frequency oscillations where frequency

15 600-3,000 cycles/min,

Indica

- Bronchoplewral fistuda: Large tidal volu-

mes can cause pnedmothorax,
Bronchoscopies: Patlent has to be venti-
lated through a very small port in bron-
choscope which cannat deliver sufficlent
tidal volume,
Microlaryngeal surgery. At times glottic
opening is so narrow to just allow a
catheter through which it Is not possible
1o dediver adequate tidal volume,
Emergency ventilation through crico-
thyroid membrane.

ADD ON MODES/POSITIVE PRESSURE
AIRWAY THERAPY

These modes can be used alone o In conjugation
with above mentioned modes,

Pasitive end-expiratory pressure (PEEP)
(Fig. 40.5)
During expiration the alveoll coliapses and
there is no gas exchange. In PEEP, as the name
suggests positive pressure is given at the end of
expiration to prevent alveolar collupse leading
10 gas exchange even during expiration. PEEP
is very useful for sitnations like pulmonary
edema or ARDS where gas exchange is
Impaired. PEEP can also be used in thoracle
surgeries to minimize bleeding.
Sidde offects of PEEP;
Hypotension and decreased cardiac
ooiput: Increase intrathoracic pressure
produced by PEEP can significantly
reduce the venous return and cardiac
aurpu,
Increase pulmonary artevy pressure (PAP):
Compression of alveolar capillaries by
PEEP can increase PAP producing right
ventricular strain.



Fig. 40.5: Aswst-control ventiation with PEEP

Fig. 40.6: Spontaneaus ventitation with continoous:
positive airway pressure

Increase dead space: Excess PEEP can lead
to over distension of alveoll increasing the
dead space.
- Increase barotrauma
Considering these side effects the ideal
PEEP s considered as the PEEP which
maintains oxygen saturafion > 50%
withowt decreasing the cardiac output
significantly. Usually it s 5-12cm W 0.
Continuous positive airnvay pressure (CPAP)
(Fig. 40.6):
CPAP Is a misnomet. It is just the PEEP given to
a nonintubated patient or other words it is the
noninvasive method of giving PEER, 1t s given
through a ught fitting mask.
Rilevel positive airnvay pressure (BIPAP): As
the name suggests, BIPAP means positive
pressure during insplration (IPAP) as well as
expiration (EPAF). Typical settings are 8-20 cm
H,O positive pressure during inspiration and
5 em H,0 em during expiration, I very simple
words It can be considered as combination of
pressure support venttation and PEEP or CPAR
It is possible o deliver BIPAP to the non:
intubated patieat (NIPPV, sec below) as well
as intubasted patients. The machine (ventiliator
or BIPAP machine) will maintain EPAP until
a spomtaneous breath is sensed and then It

switches to IPAP, IPAP will be terminated
vither by preset time (time cycled) or if flow
falls by certain leved {flow cycled).

o Airuny pressure release ventilation (APRVE It
is applied 0 patients on very high PEEP or
CPAP where these is periodic release of PEEP
or CPAP to decrease the incidence of baro-

traumn and hypotension.

NONINVASIVE POSITIVE PRESSURE
VENTILATION: VENTILATION
WITHOUT INTUBATION OR
TRACHEOSTOMY

Since intubation and tracheostomy carries their

multitude of complications; therefore, whenever

possible, a wial of noninvasive positive pressure

ventilation {NIPPV) should be given. Ideal

candidates for i of NIPPV are:

* The patients who are in respiratory fallure but
there is no wrgent need of intubation

«  Conscious and cooperative patients

«  Patients in whom there is no risk of aspiration
Face mask could be tightly fitred

NII’PV is contruindicated in:

Cardiac or resplratory arrest

Severe hypoxemia

High risk of aspiration

Facial trauma

Inability to protect alrways

Upper GI bleed,

Common Indications

Although NIPPV can be used in respirstory failure
due o any cause; however, most often in chronic
setting it is very effectively used for sleep apnea
syndrome while n acufe setting NIPPV (s most
Srequently applied for acute exacerbation of COPLD.
Other usual indications are immunocompromised
patients who are very prane for respiratory
infections following intubation or racheostomy
and cardiogenic pulmonary edema (because
patients with cardiogenic pulmonary edema may
recover early).

Recently it has been proven by studies
that prophyluctic CPAP in preterms babies can
avold Inwbation and allows the clinician to
use low Fily, (<0,4) (this is very important
consideration as preterm babies may develop
retinapathy following the use of high oxygen
concentration).



Equipment

NIPPV can be given through special CPAP/
BIPAY devices or through ventilators (most of
the ventilators used now a day have opton for
delivering NIPPV)

Maost commonly used for NIPPV ix tight fitting
face mask in acute setting and nasal mask in
chronic setting (for sleep spnea syndromie), Other
options are full face mask and helme.

Modes of Ventilation

Modes of ventilation utilized for NIPPV are CPAP
and BIPAP (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
o Usual settings are:
Inspiratory pressure (IPAP): B-20 ¢m
H,0. Do not exceed above 20 cm H,0
{aspiration can ocour).
Lxpiratory pressure {(EPAP): 5-10 e H,0
FiQy: 1.0 10 begin with
Triguer sensitivity (ability of ventilator to
detect spontaneous breath ): Maximum
Titraze [PAP, EPAP and FiO, 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: Thisis amajor problem during NIPPV.
Although most of the machines compensates
for mild-to-moderate leaks; however, signi-
ficant leaks ean cause hypoventllaton, It is
best avoided by using tight firting masks,

« Patients inconvenience and claustrophobia
{particulacly with full face mask and helmess),

*  Increased chances of aspiration

* Skin breakdown, facial edema on prolonged
use,

s Delay in intubarion,

WEANING FROM VENTILATOR

Weaning means discontnuing the ventilatory
support, Generally sccepted parameters for

amamm‘ll

weaning are (these are simply the reversal of
criteria for putting the patient on ventilator ):
»  pO,>60 mm Hg (and oxygen saturation >90%)
an Fi0, <50% and PEEP <5 mm Hg.
pCO, <50 mm Hg.
Resplratory rate <35/min,
Vital capacity > 15 mL/kg,
VDNT <06
Tidal volume >5 mL/kg.
Insplrutory pressure < -25 em H 0.
Raped shallow breathing Index (RSBI)

. Respiratory rate (breaths/min)

Tidal volume {in liters)

RSHI should be <100,

* Normal arterial pH

«  Normal hemoglobin.

« Normal cardlac status, Le. at the attempt of
weaning patlent should not have tachycardia,
hypertension,

Normusl electrolytes,
Adeguate nutritional status,

Method of Weaning

There are numerous methods of weaning and
weaning varies from patient to patkent. i & possibile
to wean pationd in oy mode of ventllation except
contred mode vesdtilation.

The most common process {ollowed for
weaning includes shifting from control mode
ventilation to assist control and SIMV and then
keep on decreasing the rate of breath delivered
by ventilator gradually till it becomes 1-2 breath/
min, I the tidal volume is not sufficient then
pressure support ventilation may be Instituted.
The pressuse support miy be decreased gradually
1ill the patient achieves adequate tdal volume.
Once the patient’s frequency and tidal volume is
adequate then ventilator can be disconnected and
I'tube ts srtached to endotracheal tube.

If patient Is able to muintain normal pulmo-
nary und cardiac functions and shows normal
blood gas analysis for more than two hours
estubation can be attempted.

COMPLICATIONS OF MECHANICAL
VENTILATION (AND ASSOCIATED
PROBLEMS)

*  Pulmonary barotrauma:
Incidence is 7-10%. Barotrauma muay mani-
fest us preumothorax. poeumomedinstinum,




pneumopericardium, poneumoperitoneum,
bronchopleural Gstula and air embolism
(pulmaonary/systemic).
Infections: The most common saurce of
nozoconial infections in 1CU are urinary tract
infections accounting for 35-40% of total 1CU
infections followed by pulmonary (25-30%)
and bloodstream infections (20%) loccurring
due to CVP, arterial or IV lines}. Majority of
nosacomial infections are caused by gram-
negative organisms except for IV related
infections which are caused by staphylococenl
epkdermidis.
Ventilator-associated prewmonia (VAP): It is
defined as pneumonia developing in patients
on ventilators for >48 hours with no evidence
of preintubation poeumonia, The incidence of
VAP Is around 20%. Most often it is due 1o
gram-negative organisms. Pooling of secre-
tlons from oral cavity or due to gastric reflux ks
the main reason for VAP, therefore, preventive
measures includes:
Positioning of the head of the bed ar
30 degrees; By decreasing the gastro-
esophageal reflux positing head ar 30
degrees proves 1o be simplest and most cost
effective method o decrease VAR
Use of endotracheal tubes with subglottic
suctioning appears to be very effective
method for the prevention of VAP,
Oral hygiene with chlorhexidine can
significantly decreases the load of
bacteria
Farly (6-8 days alver intubation) vs {afe
(1315 days ) traciicostamy has no effect on
the incidence of VAP as well as mortality
n 1CLL
Complications due 1o prolonged intuhation/
wracheostomy like airway edema, sore throas,
laryngeal ulcer, granuloma or wob, tracheal
stenosts, fibrosis or tracheomalacia,
Complications due to inadequale ventilation
like hypoxia, hyperoxia, hypercarbia or
hypovirbia, acidosis or alkulosis,
GIT:

Swress uleers.

Paralytic Hews.
Cardiowascnlar: Positive pressure veotilation
by increasing the Intrathoracic pressure
decreases venous return and hence cardioe
output. Right ventricular strain or even right

ventricular fallure can occur due to increase in
pulmonary artery pressure,

o CNS:IPPV and PEEP by decreasing venous
return from brain increases the intracranial
pressure,

o Liver and kidney dysfuncrions may occur due
o decreased cardine omparnt,

o Jmensive care acquired uneakness: 1 may be due
to prolonged immobilization, use of muscle
relaxants, electrolyte imbalances.

o Cillary activity is impaired if nonhumidified
oxygen is used for prolonged petiods.

o Deep pein thrombosis, Thromboembolism and
Inevd soves due 1o prolonged Immaobilization,

o Pspchological: Depression and emotional
traun.

o Fnancial burden on poatient aand relatives.

MONITORING

Usually used monitoes are:

«  Pulse rate

o  Biood pressure: Mostly Invasive. Arterial
cannulation s not anly required for blood
pressure monitoring but also o take frequent
samples lor blood gas analysis and other
investigations.

o ECG

*  Oxygen saturation

+  Respiratory parameters like ridal volume,
minute volume, frequency, alrway pressure,
Fi0,, ete,
cyve

+  Urine output
Other speclal monitoring depends on specific
indications.

INOTROPIC SUPPORT TO HEART
Maintenance of normal cardiac function is
important in the patient of respiratory lailure.
Dopamine or dobutamine infusion may be
required o maintain normal cardiac output

SHOCK

Shock often accompanies respiratory failure or
vice versa; therefore, often the management of
shock goes parallel with respiratory management.

Definition

Shock is defined as the state in which ineffective
tissue perfusion leads to first reversible and then
irreversible cellular injury.

b 4



T ciE s SHINOE TN

Classification

Tt is classified into four major types:
1. Hypovolemic

2. Cardiogenic

3. Distributive

4. Obstructive.

Causes of Shock
Hypovolemic

» H

*  Fluid loss in diarrhea, vomiting, excessive
sweating, disbetic ketoacidosis, polyuria, etc.

»  Third space loss in sscites, pancreatitis,

o Burs,

Cardiogenic

o Pump fatlure (left ventricular failure or right
heart fullure).

o Arrhythmias

*  Myocardial rauma/rupture.

*  Severe valvular diseases (of regurgitant type).

Distributive

+  Neurogenic,

Septic.

Anaphylactic.

Acute adrenal Insufficlency.
Vasodilators,

Obstructive

«  Cardiac tamponade/constrictive pericarditis.
*  Tenslon pneumothoras,

Pulmonary embolism or pulmonary hyper-

tension
» Valvular disease (obstructive type especially

Avortic s1enosis),

*  Aortic dissection,

Hypovolemic shock Is characterized by
decressed circulatory volume leading to low
central venous pressure (CVP), low pulmonary
artery occlusion pressure (PAOP, previousty called
as POWP) and hence decreased cardiac output/
Index. There I reflex vasoconstriction leading
1o Increased systemic vascular resistance (SVR)
therelore BP may be normal initially.

In cardiogenic shock poor pump function
leads to increased CVP, increased POWP (in LVF
PCWP is 525 mun Hg), BP is again normal initially
due to symparhetic stimulation which also leads 1o
increased SVR,

In distributive shock poor vascular tone
(decreased SVR) s the hallmark, Deécrease SVR
decreases the afterload increasing the CO, PCWP
miy be normal or low,

Septicemic shock ks usually hyperdynamic type
(increased CO) but hypodynamic is also seen, In
septicemic shock pulmonary hypertension is also
prominent.

In obstructive shock CVP is mised, POWP is
usually low, cardine output is decreased, SVR is
elevated,

Hemodymamic pensamelirs e shock

Abbreviotions; CVP, central venous pressure; PCWE
pulmonary capillary wedge pressure; CO, cardiac outpus;
CL cardiac index; SVR, systemic vasculas nesstance

B blood pressure. T, increase; 4, decrease

Compensatory Mechanism in Shock

Increased sympathetic activation (and also
increased release of adrenaline, vasopressin,
angiotensin), tries to maintain Intravascular
volume and increases cardiac contractiliny

Clinical Features

o Mild shock {loss <20% of blood volume):
Tachycardia, cold skin, postural hypotension
and voncentrated arine (osmolarity >450
mosmol/L)

*  Moderate (loss 20-40% of bleod rolume):
Tachycardia, supine hypotension, oligurla
{output <015 mL/kg /hr), metabolic acidosis.

o Seswre (340% of blood volume): Restessness,
agitation, confusion to coma, tachypnea
(rapid shallow breathing), ARDS and finally
resplratory arrest.

MANAGEMENT OF SHOCK
The goals for resuscitation can be classified as
carly goals and late goals.




Early Goals

Target blood pressure: In hemorthagic shock
increasing the blood pressure to normal level
can kead 1o Increased bleeding due disraption
of clots removing the tamponade effect and
reversal of compensatory vasoconstriction,
Therefore, the current guldelines for hemor-
thagic shock are in favor of hypotensive
resuscitation, which means maintaining
systolic blood pressure (SBP) between
80-100 mm Hyg and mean arterial pressure
(MAP) between 60-65 mm 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 targes showld be to achicoe normal Wood
pressure or at least systolic blovd pressure
> 700 et Hg,

Maintain coagulation and platelet: Life-
threatening coagulopathy is one ol the serious
complications seen in profound shock;
therefore, the correction of coagulopathy
from the very beginning is of utmost
importance and is called as hemastatic
resuseltation. In fact, some clinicians have
even suggested a preemptive resuscitation
with blood products in a ratio of 1:1:1 (RBC:
FFP: Platelets); however, FFP and platelers
should be transfused only after assessing
the coagulation and platelet defictency, PT.
APTT and INR are the universally performed
1est 1o assess coagulation but not considered
as reliable as thromboelastography. Platelot
count should be kept 50,000, Aniifibrolytic
therapy with tranexamic acid have shown
the survival benefit If glven within 1 hour
This newer concept of hypotensive and
hemostatic resuscitation is called as balanced
resuscitation.

Maintain homarocrit of 25-30%; Hypervisco-
sity as well us excessive hypoviscosity are
detrimental therefore hematocrit should be
maintained berween 25% and 305,

Artertal O, saturation >90% and venous
oxygen saturation (SVO, )= 60%.

Other goals ate 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

o Maintain wrine ontput > 005 mL/kg/hr.

«  Maintain hematocrit

+ Correet coagulation, electrolvte imbalance

and acidosis

Normalize body temperature

Decrease lactate to normal range

*  Assess the dssue perfusion by measuring:
Mixed venous oxygen tension (SVO):
Mixed wverous oxygen saturation is
considered as best guide to asyess Lissue
perfusion (Le. cardiac output) however it
is rechnically difficult.
Urine ovitpur: Usine outpaet is considered
as beut clinical gutde of tissue perfusion.
Acid-base status
Serumn lactate levels: Results are defayed;
however, serum lactate levels not anly
provide excellent assessment of tissue
perfusion but akso assess the results of
resuscitation,
Giastric tonometry
Skeleral muscle partial pressure of oxygen.

Treatment

Fluids

Titration of fluid therapy

The current copcept is to give flulds by Gowl
directed therapy (GDT) whieh means giving flukds
by measuring dynamic cardiac functions like
cardiac output or stroke volume and pulse pressure
varlation (means variation in stroke volume and
pulse pressure during inspiration and expiration),
Variation >10-15% confirms hypovolemia. Stroke
volume variation Is considered as most reliable
1o assess fluid status and titeate fluid therapy
however due 10 technical feasibility and cost the
static parameter, ¢ CVP s still most commonly
used.

Choice of Muids

Huld reenains the mainstay of treatment for shock.
For hemorrhagic shock if loss is >20% ol

blood volume it should be replaced by blood. A

normal patient without any systemic disease lke

tschemic heart disease and normal hemoglobin

well talerates blood lass up to 20% of blood volume



therefore should be managed by crysiallolds/

colloids,

Crystalloids are preferred over collolds due 1o
the following reasons;

« They not only replace intravascular volume bur
they also replace extravascular volume (and
cellular hydration depends on extravascular
volume),

*  They do not interfere with clotting while
all colloids in high doses can interfere with
cloring.

Colloids are expensive.

There is risk of asaphylactic reaction with

colloids

Due to the above said reasons collolds arv
reseriwd only for severe shock where maintenance
of intravascalar volume is vital

Ringer Is the must preferred erystalloid as it

Is more physiological except for hypochloremic

alkalosis (seen In vomiting) and brain Injury

where normal saline is preferred solution (Ringer
conrains calcium which can worsen nourological

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 shock or if hypotension is not
responding to fluld therapy. Vasopressors in
CHMMON use ane:

Phenylephrine: Phenyiepheine is consi-
dered as first-lne drug 10 newrogenic
shack

Fphedrine and mephentermine: Ephedrine
is most praferred for spinal shock
Norepinephrine (noradrenaline}: Nor-
adrenaline Is the vasopressor of choice for
septicemic shook

Vasopressin [t can be trled In hypotension
refractory to noreplnephrine.

* Inotrapes: Inotropes in common use are
dopamine, dobutamine, dopexaming and
milrinone (phosphodiesterase 111 [nhibitor).
Inotropes are very useful for cardiogenic
thock.

Adrenaline is used for treatment of shock
when inotropes and vasopressors fall.

o Steroids: Steroids are effective for septicemic
shock refractory to fluids and vasopressars,
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oot useful In hyperdynamic and hypovolemic
shock and contraindicated in cardiogenic

shock (they can alter healing process of
myocardium).

Acid Base Management

The patients of shock are in metabolic acidosis;
however, this metabolic acidosis should not be
teeqted by sodium bicarbonate (unless severe,
pH<7.15), mathor treated by Improving the tisvie
perfusions by flubds and drugs. Sodium bicarbonate
by producing CO, may worsen cellular acidosis.

Prediction of Outcome in Shock

Shock Index (SI) which is heart rate (HR) divided
by systolic blood pressure (SBP) is often used as
predictor in calculating the outcome in severe
shock however recently studies have shown the
equal role of digstalic blood pressure In predicting
the mortality bringing the concept of modified
shoek [ndex (MSI), which ix a ratio of heart rate to
mean arferial pressure (MAP).

NUTRITIONAL SUPPORT

The malputrition 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 nagogastric

(Ryle's} tubes may sutfice but for long term leeding

jejunostomy tubes should be used. lejunostomy

tubes may be inserted through nasal route or

can be placed surgically through gastrotamy or

percutanenusly under endoscopic guidance,
Enteral route is aliways preferred over parenteral

ronete due 1o the followling reasons:

e Itis the natural route of food Intake

*  Atrophy of luminal brush border of GIT can be
Jrevented,

o Less expensive

*  More nutnients can be provided,

Parenteral Route

Pareateral nutrition ks used when the enteral route
s not possible or is unable 1o provide sufficient
caloric Inteke. Parenteral nutrition can be provided
through peripheral vein if osmolarity of solution



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 tiw vein of cholce
for paremieral nutrition,

Calculation of Energy Requirement

Ideally exuct energy calculation should be done
by calorimetery and estimation should be based
on resting energy expenditure (calculated by using
Harris-Benedict equation and |s approximately
10% greater than basal energy). However, & simple
formuli to calculate energy requirement is:

Energy expenditure = Basic metaholic
requirement » activity factor (1 for resting and
1.5 for ambutatory) » Injury factor {1.2 for minos
and 1.8 for major) » temperature (1 for 37°C and
multiply by 1.07 for each degree),

For clinical purposes, calorie requirement for
normal 70 kg man is 1,800 keal/day. For major
surgery, trauma and sepsis, it is increased by 40%
{2,500 keal/day) and for bum 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

i, Hyperglycemia
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by fats. Amino acids are given as supplement
(never as a subsitrate for souree of energy) al a rate
of 1-2 g/kg/day. Multivitamins and trace elements
should be given along with, Parenteral glucose
solution provides 3.5 keal/g (compared to dry
carbohydrate which provide 4 keal per gl

Complication of Enteral and
Parenteral Nutrition
See Table 401,

PULMONARY CARE

=  Frequent suctioning 10 remove secretions,
This is very important as endotracheal
or tracheostomy tube can be blacked 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 dralnage of secretions,

Steam inhalation.

Bronchodilators.

GENERAL NURSING CARE

Care of bladder, bowel, intravascular fluid volume
and other organ functions

Conid..
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17 Anemia Due toiron and vitaming,,
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18, Hypematremis and water smmndmmmm

19. Infection at site, ondocarditis Due to faulty septic insertion ard low  Central ines should be inserted with
maintenance of asepais



use of prone position (s not reconumended for
the treatment of ARDS,

o Recruinnent maneuvers: Recruitment maneu-
vers mean using high inspiratory pressures (o
improve oxygenation, These maneuvers can
significantly Increase the risk of barotrauma
and improves oxygenation only transiendy
without Improving mortality therefore, are not
reconmended routinely.

o [nhaled eatric oxtde: As ARDS Is associnted with
pulmonary hypertension, inhaled nitric oxide
appears 10 he beneficlal by causing selective
pulmonary vasodilatation (It does not produce
systemic vasodilatation because it is rapkily
metabolized by hemoglabin in pulmonary
vasculature); however, studies showed no
long-term difference [n overall prognosis of
the patients recelved nitric oxide. Therefore,
inhaled nirric 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 pO, remainy

<60 mm Hg, pO,/Fi0, ratio <100 and airway

pressure more than 30 cm H,O rescue therapy
should be instituted which includes:

o Extracorporeal membrane oxygenation
(ECMOJ: In this technigque patient’s venous
blood is withdrawn through a large bore
cannula, circulated through an extemnal
oxygenation device (artificial lung) for
oxygenation and then returned back to
patient through another venous cannula. The
aim of ECMO is not only o provide external
oxygenation but also 1o give rest 1o diseased
lungand time o clinician to treat the cause, The
major complication of FCMO is blevding due
o the use of anticoagulants (anticoagulants
are given so that blood does not clot in ECMO
clreuis)

»  Incurrent day practice, the use of recrultment
maneuvers. prone positton, Inhaled nitric
oxide and muscle relaxants aro resorved 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:

o These patients survive on hypoxic drive
therefore during oxygen supplemeltation if is
necessary to keep the low flows (1-2 liter/min),
otherwise hypoxic drive may be lost and the
patient cian go in apnea.

o Onee put on ventilator COPD patienis are most
difficrit to be weaned therefore maintaining
nxygenation by noninvasive positive pressure
ventilation (NIPPV) with CPAP/BIPAP should
be the prime goal. Early Institution of NIPPV
has found to significantly decrease the need
of mechanical ventilatton, Some intexivists
have suggested that removal of CO, by
extracorporeal €O, elimination technigues
should be done before putting the patient on
mechunical ventilation.

» These patients should be put on ventilator
based on clinical judgment rather than by
blood gas reports. It s very commaon (o see the
patient of COPD comfortable at very low pO,
and very high pCO..

« Ventllutor setting includes small tidal
volume, fow breath rate (6-8/min) and longer
expiratory time to allow maximum exhalation,

o These patients hive decreased body resistance:
therefure, prone for infection necessitanng the
need for 2sepsis during any procedure,

CARBON MONOXIDE POISONING

Usually defined as carboxyhemoglobin >20% in
blood. The affinity of carbon monoxide (CO)
bind to hemoglobin s 240 tmes than oxygen: it
bind to hemoglobin replacing oxygen from there
producing amemic hypacia, Moreover, CO shifts
the O, dissacintion curve to lelt further decreasing
the oxygen supply to tissues. Levels >30% are
associated with newtologic Impairment and
acidosis,

Treatment

Hall-life of CO ar armospheric air is 214 minutes
which can be reduced o 1 hour i 100% oxygen
is wsad and can further be reduced 1o 20 minutes
with hypesbaric oxygen (2.8 atm, ). Based on this
fact, many clinicians reserve hyperburic oxygen
only for severe cases; however, number of studies
have proven better prognosis after hyperbaric
therapy than normobaric oxygen therapy.
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ACID-BASE MANAGEMENT

Acid-base disturhances may be respiratory or
metabolic based on arteedal pH, parial pressone of
CO, (pCO,) and bicarbonate levels (HCO, ).,

Blood Gas Sample

Arterial sample is taken either from radial artery
or femoral antery (radial preferred), Sample must
be taken in heparinized syringe (glass syringe
preferced over plastic syringe becanse oxygen
can diffuse through plaste), all air (even minute
droplet) should be removed from syringe and
sample o be sent in fee I immediate nnalysis is
not possible,

Interpretation of Normal Blood Gas

pH L 7A5-TAS
pCaQ,  35-45mm Hg
HCO, : 24-26 mEq/T,
Base defich P33
SpO2 {oxygen saturatlon) @ 56 to 98%
(A-a) DO, (alveolarto 310 5mmHg

arterial difference)

The normal pH s maintained by the normal
20 ¢ 1 ratlo of hleurbonate 1o carbon dioxide us
described by Henderson-Hasselbakch equation
which I

2 HCO
PH =pK + 10 5 G5 % pCO;

So, if this ratio s malntained ar 20 : 1 the pH
may be normal in spite of acld-base imbalances
ot in other words, It can be sald that acid-base
abmormalities have been compensated,

To compensate or maintaln normal ratko any
Increase in pCO, Is associnted with Increase in
hicarbonate (bicarbonate retention by kidney)
and any decrease (n pCO, is associated with
decrease in bicarbonate (excess excretion of
hicarbonate by kKidneys).

Diagnostic Approach for Establishing
the Acid Base Abnormality
Ihe acid-base disturbances may be resplratory
acidosis, respiratory alkalosis, metabolic acidosis
and metabolic alkalosis

The problem In interpretation arise when
more than vne abnormality coexist at a time
g respiratory acldosis in COPD patents may
be associated with metabolic acidosis due to
decreased cardioc outpur (cor pulmonale) and
renal fow,

The acid-base disturbances may be acute
[non-compensated) or chronic (compensated),

The diagnostic approach is first see the ptl.
It may be normal, increased or decreased. Then
see pCO, it may be again normal, increased or
decreased. Now see the hicarbonate leve! this
miy be unchanged, decreased or Incraased, Now
Interpret as shown in Flow chart 40,1,

RESPIRATORY ACIDOSIS

Definition

[t is defined as increase in pCO, sufficient enough
to decrease the pH to less than 7.35.

Causes

*  Hypoventllation which may be because ol
overdosage of drugs and anesthetics.

»  Disorders of neuromuscalar junction effecting
muscles of respiration.

o Central depression of CNS.

* Lung diseases like COPD, etc.

*  Excessive CO, production, ¢.g malignant
hyperthermia
Respiratory acidosis may be associated with

metabolle ulkalosis U there are decreased body

stores of chloride and potassium.

Treatment

*  Mechanical ventilation; if pCO, is high
[>50 mm Hg).

o Acidosis should be rreated slowly.

*  Treatment of the underlying cause.

RESPIRATORY ALKALOSIS

It is delined as decrease in pCO, sufficient to
increase the pH to more than 7.45,

Causes

o Myperventilation: Thisis the usual cause during
general anesthesia (with hand ventilation
there Is always o tendency 1o hyperventilate).
lutrogenic,

Pregnancy.

Salicyliate poisoning,

Hypoxia.
CNS trauma.,

Treatment

o Adjuszment of ventitator setting (decrease the
frequency) and Increasing the rebreathing
(Le exhaled gases containing CO,).



Flow chart 40,1: DIagnostic approach for acid-buse sbnormality
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*  CO,inhalation.
o Treot the underdying cause.

METABOLIC ACIDOSIS
Defined as decrease in plf <735,

Causes
Renal failure.

Clreulatory Eallure (shoek) leading 10 accumul-

ation of lacuic acid.
*  Hepatic fuilure.

Diarrhiea with loss of bicarbonate.
¢ Cyanide polsoning,

Anion Gap

Also called as unmeastured anlon concentration,

Normally anion gap is constituted by sulfates,

phosphates, organic acids and plasima protelns.

Antan gap is mainly congtituted by plasma albumin.
Anion gap = Sodium concentration - {(chloride

+ blcarbonate concentration).

Normal anion gap » 8-16 mM/L [averaye
12 mM/L),



Conditions Associated with

Normal Anion Gap

Conditinns primarily associated with bicarbonate
loas is sccompanied by equivalent rise in chloride
and hence 2 normal anion gap. These condltlons
e

*  Diarrhea,

*  Enterostomies.

+  Henal tobular necrosis, obstructive uropathies,
chronic pyelonephritis. In these conditions
kidney primarily loses bicarbonate but
chloride Is retsined.

+  Administration of hydrogen or amosonlum
chloride.

= Carbonic anhydrase inhibltors,

Conditions Associated with

Increased Anion Gap

+  Dinbetic ketoncidosis,

»  Ketoncidosts associsted with stasvation,

o Lactic acidosis: This is the most commion cause
of mesabolic ackdosis in anacsthesio and is due
1o thssue hypoxdie

*  Salicylnie polsoning,

«  Methanol and ethylene glyeol polsoning,
Renal failure, leading to decreased excretion
of achd, phosphates and sulfates.

Conditions Associated with
Decreased Anion Gap
e Hypoalbuminemia
*  Multiple myelomn

Treatment of Metabolic Acidosis

o Sodium bicarbonate:
Duose can be calculated by formuly:
Sodium bicarhanate (mEg) = 0.3 x body welght
w brase delich
Half of the valculated dose s o be given
immodiately and the remaining dose only
after getting the next blood gas analysis report,
It Iy mandatery to have adeguate vendilation
before giving sodium bicarbonate because
sadium bicarbonate produces carbon dloxide
an metabolism (| mly produces 180 ml, of
C0y) and can worsen the acidosis. Another
problem with sodium bicarbonate Is its
hypertonicity (6 times more than plasma)
which can result in hypernatrentia and
hyperosmolarity.

(rher buffers:

Curbicarh {sodium bicarbonate + sodiom
carbonate): 1t Is a non CO, generating
alternative to sodium bicarbonate but
clinical studies are lacking.

THAM: Non-sodium containing com-
pound,

o Trear the underylng cause,

METABOLIC ALKALOSIS
Defined as pH >7.45.

Causes

Vomiting,

Ryle's tube aspiration (loss of HCL),
Diuretics,

Hyposolemia,

Diarrhea with loss of chloride,
latrogenic,

Treatment

o Treat the underlying citse,

o IV infusion of ammonium chloride or 0.1 N
hydrochleric acid (ot more than 0.2 meg/
kg/hr),

For summuary of findings of acid 1 ise

disturbances see Table 40,2

® Table 40.2: Summary of findings of add base
disturbances

Respiratory ackioss
Acute Inancompenssted) R 66 N
ChvoniC (compensated) RS ~ o0 %5

te2 ?t 15t
5. L e

Abbrevigrons: T T T, marked Incroane; « « «, marked
decroase; © T moderate increase: | 4, modedats
dacrease: T, mild crease: +, mild decrose.
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Cardiopulmonary and Cerebral

Resuscitation

¢ Cardiopulmonary resuscitation (CPR} nowa-
day s culled as cardiopulmonary and cercbral
resuscitaton (CPCR).

«  (Cardiac arvest is defined as "Inability of heart
to produce effevtive cardiac outpul. impairing
tssue pertusion®

¢« Cardiac arrest may be of cardiac orgin or non
cardiac; in adults Is ussally of cardiac origin
and in children it Is usually of respiratory
arigin,

+  Candlac arrest may be witnessed (monltored)
or unwimessed (unmonitored), It may be
inside hospital (IHCA) or outside hospital
(OHCA). Unudinessed cardiac arrest 1o adults
showld be considered due 1o veniricular
Jibzitlation until proved otherwise and in
chuldeen thould be constderd dee to asystole
until proved otherwize.

o Rhythms in cavdiac arrest: The following three
thythms are seen In cardiac arrest:

1. Ventricular fibrtlation (and puilseless
rentricidar tachycardia )k More common in
adults

2. Asystole: More commaon in children,

3. Pulseless electrical activity (PEA)

MANAGEMENT OF CPCR

Management guidelines are based on the recent
recommendation (2015) by American Heart
Association {(AHA) und Emergency Cardio-
vascular Care {ECC) with Interational Liaison
Commitiee on Resuscitarion {ILCOR).

AHA and ECC have given 4 link chain of survival
. Eardy recognition and activation of emergency
medical services,

o

Immediate CPR (every minute delay decreases

prognosis by 7. 10%).

3. Early shock (CPR + shock within 5 minutes
has survival rate of 49-75%),

4. Eurly advanced life support,

Management of CPR is done under three heads:

1. Basic Hle support (BLS)

2. Advanced cardiovascular life suppors (ACLS)
3. Post cardiac arrest care.

Whether the CP'R is provided by BLS or ACLS
the primary focus ts the management of airway,
breathing circulation and early defibelliation.
The standard age long sequence of A {Alrway)
+ B (Breathing) -» C (Circulation) was changed
to C <« A » Bin 2010 CPR guldelines, which
meany the rescueer will first give 30 compressions
in approximately 18 seconds before proceeding 10
alrwary and breathing. The reasons for this change
ane

i, There is enough oxygen present in blood
which just needs 1o be pushed 10 vital struc-
tures like beart and brain with cardiac

COMPressions,

it Studies have shown thot It rakes 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) ns the name suggesss can
be employed with minlmal or no Insoruments
therefore 5 more suitable for outside hospital CPR
provided by lay rescuers and paramedics or as an



@ Table 41,1: Differences between BLS and ACLS
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immediate step to start CPR In in-hospital cardiac
arvests tll advance life support armives.
Baslc life support Includes:

Airway management by manual methods.
*  Rescue breathing by bag and mask or mouth to
mouth, Mouth to mowth is recomemanded only
for trained personal.
Circulation by cardlac massage.
Defibritlation by automatic external defibril-
lartor (AED )} AED are the devices which auro-
mutically 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 beter known as public assess
defibrillators (PAD); like west they should
ideally be present ut all public locasons Hke
alrports, milway stations, bus stations, e1c

ADVANCED CARDIOVASCULAR LIFE
SUPPORT (ACLS)

ALS is usually employed in continuation of BLS
however sometimes in monitored [-hospital
arrest (particularly in (CU) CPR can directly be
started with ALS.

Advanced life support includes:

1. Alrway management by equipment like
Guedel's alrway, taryngeal mask airway or
endotracheal tube.

2. Breathing by advanced methods, Le. endo-
tracheal tube, laryngeal mask, combitube or
tracheostomy,

3. Circulation by cardloe massage,

- - s3d &7
F]E YT

1. Defibrillation by manual defibrillators: In
manual defibrillators, rescuer has to detect
rhythm, select energy and give shock therefore,
can be used only by medical personned and
honce Is a part of udvance life support.

5 Druge can be used only in hospital set up by
medical personal therefore are the parts of
ALS,

AIRWAY MANAGEMENT

Interestingly, as por the newer studies epiglottis,
rather than tongue fall, ay been found o be the
more Important cawse of ainway ahstruction in
unconscious patient. Howeves, wogue falling back
on posterior pharyngeal sl plays a very important
role in airway obstruction.

This tongue/ epighottis fall can be managed by
o Manuaily: This includes:
Open mouth and clear alrways (if
something is clearly visible in aral cavity).
Tilt head backwirds (Le. neck extension)
and chin lifr,
Jaw thruse, | e mandible ks pulled forward.
¢ In patients with suspected cervical
spine fracture head it and chin
iift should be avolded and wirway
should be managed only by jaw thrust
howeser If alneay & not manageabie
by fase thrust alone then hoad tilt and
chire it can be gtoen because life takes
the priority over cervical spine.

s Afrway lnsertion: Most commonly used
in Guedel airway. Others are Safar,
nasopharyngeal and laryngeal mask aleway
(LMA)

o Endotracheal tube: It §s the most definhive
method to maintaln alrway.

Management of Airway Obstruction due

to Foreign Body

o Infans cliest thruye: 4 blows given on stermum
with thrust by heel of hand between the
shoulders.

»  Back blows: 1 blows on the middle of back.
Back blows are also performed for infants If
stermal throsts do not work.

«  Helmlich maneuver; Munual thrust with the
patient standing, rescuer behind the patient
and compressing the abdomen 6-10 times,

=



Flow chart 41.1: Alganthm shawing basic Me support [BLS)

E

4. Breathing and pulse check should not take more than 10 seconds.

b, In an adult victen, the cause of cardisc armest should be considered vantricular fibriltation unzil proved otherwise
therefare arranging deAbeilator bafoee starting CPR s must.

€. Note that new gutdelines allow activation of EMS at any step.




This msethod Is vsed for adults and older
children.

o Chest thrust (manual compression over louer
sternum ) Employed in very obese or pregnant
patient where abdominal compression is not
possible.

o Finger suweep method: Possible in unconscious
patlents only,

v Cricothyrotdotomy; As a life saving procedure

10 secure alrway,
Alrway obstruction due to other causes
Iike laryngeal edema, acate epiglominis and
laryngo-tracheobronchitis where intubation is
not possible. may require trachecstomy.

BREATHING (VENTILATION)

Areathing can be accomplished by:

o Mouth to mouth/mouth 1o nase: Rescue
Broath by mouth to mouth or mouth (o nose is
reserved only for tralned rescuers (medical as
well as non-medical). It Is neither expected
nor warranted for untrained lay rescuer: for
unmrained lay rescuer CPR means “hands only*
Le only cardlac massage.

»  Buag and mask: The major disadvantage of bag
and mask ventilation are;

Exhausting.
Increased dead space
Increased chances of aspiation.

o Ventilation by advanced methods:
Endotracheal tube: Intubation is the most
definitive and best method for vemilation.
Laryngeal mask airway.

Combitube.

Tracheostomy-other than endotracheal
Intubation, the only other definitive
method of ventilation is tracheostomy,

AIRWAY AND BREATHING FOR PATIENTS
WITH CERVICAL SPINE

For patients with cervical spine fractres intubation
stinudd be perforrmed with neck (n newtral position
and only aftey stabilization. Neck stabilization can
be done manually and with hard cervical collars.
As Intubation often reguires removal of cervical
collar manual stabilization is always preferred over
collar stabilization.

Studies have shown more harm than benefit
with cervical collars therelore routine application
of cervical collars by first aid providers Is not

recommended. 1 cervieal spine Injury is suspected
then ensure that patient remains still as far as
possible {for defailed muanagement of parients with
cervical spine wee Chapler 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
possibie it can be done in prone position o, The
rescuer stund (or hend 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 viction must He on hard surface and
rescuer should exert pressure through shoulders
(elbow should remain straighe),

The force generated during massage should
be able o depress sternum by 2 incles {5 cm)
but not move 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,
pressuse exerted from shoulder Fatient should e flat on
nard surface



recoll the rescuer muss not lean (3 very common
practice) on patlent 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 cardiae massage
fow 510 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
cardiae compression raises itrathoracic pressure
forcing bload out of chest and dynamic venouy
compression preventing backward flow, heart
acting only as a passive conduit.

Effective cardtac output generated by successful
massage (s only 30% of normal therefore all efforts
should be directed to establish spontaneous
cirenlation,

COMPRESSION (C) TO VENTILATION (V)
RATIO

Without advanced airway (i.e. ventilation with
month o mouth or bag and mask), the ratio should
b 30:2 (30 compressions followed by 2 breaths)
irrespective of number of resuscitators. With
advanced airway (intubation, LMA) compression
will e comtinued al avate of 100-120 compressions/
minute and breathing at a rate of 10 breaths/
mibnute (1 breath after eowry 6 second) without any
synchironizalion, Le no peuse for rentilation. The
aim is uninterrupted compressions,

If there ane 2 rescuers they should rotate with
each other after 2 minutes (or 5 cycles of 30:2) 1o
avnid faigue of one person providing compression.

MONITORING OF CPR

*  Capnography: Capnography is the simplest
and highly reliable method to see the
effectivoness of CPR. Successful cardiac
masvage showld be abie io produce ETCO, of at
deast 20 nm Hg 1TETCO, §s less than 10 mm Hyg
then cardiac massuge should be considered
grossly abnormal. FTCO, becoming normal

(40 mm Hg) s the earbiest indicator of return of
normal circalation.

In the current day CPR Capnography is
considered essential not only to confirm the
position of endotracheal tube but also 1o
assess the performance of CPRL

e  Diastolic bload pressure (intra-arteriai);
Diastolic blood pressure <20 mm Hyg indicates
grossly abnormal CPR.

o Venous oxygen satwrarion: CPR shouid be
considered inelfective if it is not able tw
produce oxygen saturation of at least 30% In
venous blood (normal is 75%).

o Audiovisual fovdback devices: These devices
provide real-time monitoring and feedback of
quality of CPR however currently they are used
only during training sessions.

MANAGEMENT OF ARRHYTHMIAS SEEN
DURING CARDIAC ARREST

One of the most Impoctant parts of ACLS s
arrhythmia management,

Arrhythmias seen during cardiac arrest have
been divided into shockable rhytims (which
Inclode venrricular fibrillation, pulseless ventri-
culur techyeardia and polvmorphic ventricular
tachycardia i.e. tomsade pointes) and non-
shockable rhythms (which include asystole and
pulsedess electrical activity ).

Management of Shockable Rhythms
(Flow Chart 41.2)

(Ventricular fibrillation, pulseless ventricular
tachycardia and polymorphic ventricular
tachypcandia).

Defibrillation

Defibrillation is dane for ventricular fibrillation,
pulseless ventricubar tachyeardia and polymorphic
ventricular tachycardia Defibrillators have been
classified as monophasic (delivers current of one
polarity only) and biphasic (delivers current of
two polarities). Although studies have not proven
clear cut superiority of biphasic defibrillators still
majority of defibrillators manufactured today
are hiphasic, A defibrillator may be manual or
automatic (AED).

Defibrillation should be done as soon as
the defibrillator ts ready. Ideally, in monitored




patients defibelllation should be done within
3 minutes

Position of defibrillation paddies: The ideal
position would be like that the heart is sandwiched
between paddies, Le. one is placed anterioely af the
precordial region and second posteriorly however
this is not possible because the patient lies supine
therefore one paddle (sternal paddle) is placed
right infraclavicular and second (apex paddle)
over precordium. Paddle should be applied with
pressure equivalent to 10 kg, Defibrillation pads in
pationts with intra- cardiac devices (1CD} should
be away fram ICD device,

Paddle size:

«  Foradults: 13 cm.
For children: 8 om,

+  Forinfants: 4.5 cm.

Latest recommendations for energy selection

und shack protocol:

o With monophasic defibrillators all shocks
should be of 360 Jowies (1). With biphasic
defibrillators, the shock energy should be
150200 | (if exponential waveform is used)

or 120 ] (if vectilinear waveform is used). The
clinician should go by the manufacturer's
recommendation.

o Immediately after giving shock give 5 cveles of
302 {without advanced alrway) or Zminutes of
CPR (with advanced airway) before checking
rhythm. The rationale for this recommendation
is that it actually takes around 2 minutes for
heart to generate cardiac outpun even |f rhythm
becomes sinus therefore CPR dusing these
2 minutes is required 1o maintain coronary
andd cerebral perfusion. Or in simple words
it can be said that end point 1o stop CPR Is
the return of spontancous circulation (ROSC)
assessed by palpating carotids, not the thyth
even if itis sinus,

MANAGEMENT OF NONSHOCKABLE
RHYTHMS (FLOW CHART 41.3)
(Asystole, pulseless electrical activity)

Pulseless Electrical Activity (PEA)

PEA used to be called as electromechanical
dissoctation (EMD). As the name suggests, PEA is
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Abbreviations: VF, veririculas fibditation; VT, ventricular tachycardia; PEA, pulseless electsical activity

i, Necovered means rtum of spastansous circulation (ROSC) as judged by palpation of carotid pulse of return of
w-ﬂww,

b CPR should be resumed immediately after defibeillation igap should not be moee than 10 seconds)

c Comider ntubation and putting ¥V lire at this stage. Defibeliation takes the priorty; intubation and IV access should
not deley defibriliation f ventlation can be actieved by bag and mask. In lact. thers have been many instances where
PRAteNT recovers with first shock averding the intubation,

4. Vasopressin, which was given after 15t dose of adrenaline has been, remaoved from 2015 CPR guidetines,

a. Defbrilation should be sttempted 2 minutes aftar opinephrine and amiodarses injection.

I Congider termination of efforts # no resporse for 20 minutes
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A Vasopressin, which was given after 151 dose of admenatine has been removed fram 2015 TP guidelines

b. Atropine has already been removed In 2010 guidedines,

the condition in which peripheral pulses are not
palpable but heart shows some electrical activity
on ECG other than ventricular tachycardia and
ventricular fibrillation. Most common electrleal
activity seen I8 Idioventricular diyythm or bradya-
systole

Causes

The catses of PEA have been divided Into 5H and
5T

5H
I Hypovelemia: Hypovolemia (shock) is the
mwm»mw&dﬂu

51
. Tension Pneumothorax
ii. Tamponade {cardiac)
iii. Thrombasis {coronary, pulmenary)
tv. Tablets {drug overdoses)/1oxins (sccidental)
v. Trauma

Asystole
Asystole is the terminal esent of all arthythmias,

1he prognosis of asystole s very poor as compared
to PEA and ventricular fibrifiation.

NEWER TECHNIQUES/VARIATIONS
INCPR

« Impedance threshoid deviee (ITD) and chest
camprssion devices [CCD): The routine use of
I'TD and CCD is not recommencded.
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Extracorporeal CPR(ECPR): 1t means initintion
of extracorporeal cireulation and oxygenation,
ECPR provides circulation and oxygenation till
the couse: of cardiac armest is reversed
Simultancous abdominal compression. Limits
candal movement of diaphragm and lmits
dissipation of intratharscic pressure however
is hurdly used.

Cough CPR: It is applicable to a conscious
patient having VE 1 a patient coughs during
VE increase in intrathoracic pressure can
maintain cerebral perfusion (e, conscious:
ness) for 90 seconds therelore ask these
patients to cough every 1-3 sec till he/she is
defibrillited,

Delayed wventilation: Studies have shown
improved survival and neurofogic recovery
in witnessed cardiac arrest with shockable
chythm Il continuous 200 compressions with
interposed shocks are given without providing
ventilation; oxvgen is delivered by passive
insulflation. This study obviously endorses
the role of "hands only” CPR for untrained lay
TeSCUETS.

Steraids and vasopressin: The routine use of
sterodds 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, 1LE is now
recommended empicically for cardiac arrest
caused by other drugs and not responding to
stundard CPR.

Empiric naloxone: Administratlon of IM or
Intranasal (IN) Naloxone s recommended
emplrically io patients having suspected oploid
polsaning (no breathing, pulses present) by
health care as well as traloed lay rescuers.

POSTCARDIAC ARREST CARE

Postcardiae arrest care Is requived for the
patients who lad survived the cardiac arrest,
It includes:

Oprimization of circwlation: The aim should
be to mainsin syswdic blood pressure >90 nun
Hg and mean arterlal pressure > 65 mm Hg.

Oprimizarion of venrflatiorn: Hyperoxia can
produce complications including ARDS

therefore use minimum PO, which malntains
target SPO, between 94 and 98%.

Targeted temperature management (1'TM):
Induced hypothermia after cardlac arrest
s now ealled as TTM, As hypothermia is
the only recommended method for brain
protection TTM is applied to the patients
whao had survived the cardiae arrest but are
comatose. TTM medns maintaining core body
Temperature for 32-36% for 24 hours,

Madoerate glyoemie cantrol: Both hypoglycemin
and hyperglycemia are unacceptable therelorne
moderate blood sugar {144-180 mg/dl or
B-10 mmol) should be nuintained in post-
resuscltation period.

Farly percutanecus coronury intervention
(PCI): Emergency (preferably within 90
minute) coronary angiography/angioplasty
is recommended for all patients with ST
elevation myocardial infarction (STEMI) and
for hemodynamically unstable Ml without ST
elevition (Non-STEMI). However If the center
£ not equipped 10 do PCI then patlent should
be transferred to PCI oenter preferably within
3-6 hours after medical management,

Farly progrostication of reurologic owtconee:
Prognostication s recommended 72 fiowrs
after return of spontancous clrculation for
those who have not been given TTM, For
those who have received T'I'™M prognostication
should be done 72 hours after the completion
of TTM,

All patients who progress to brain death
should be considered potential organ donors
and their relatives must be counseled for organ
donations.

Lignocaine or Amiodarone infusion ks recom.
mended to prevent the recurrence of VI

PEDIATRIC CPR (EXCLUDING NEWBORN)
Age classification (From CPR point of view)

Neonase: First 4 weeks after birth,
Infant; 4 weeks to 1 year,
Chllek 1 yeur 1l puberty

Adule: Beyond puberty,

Differences from Adults

INfference in BLS aigoeithm:
For stngle rescuer:
After assessing consciousness activate
EMS vin mobile however if activation




via mobile is not possible then assess
breathing and circulation and if absent
then give 5 cyeles of CPR (30:2) before
going to activate EMS (contrary to
adules where activation of EMS 18 done
hefore starting CPR), The reason for this
difference In algorithm sequence is that
the cause of cardiac arrest in children
shiould be considered asystole until
proved otherwise therefore rescuer ks not
in that hurry w 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 cardine arvest if the cause
is ventricular fibrillation or pulseless VT
then afgorithm sequence remains same
as that of adulr
Cardiac arrest in chikdren is usually
asphyxial {respiratory) therefore there lies
the great value of rescue breaths however
untrained layman can continue with
“hands anly CPR®
Ratio of compression to breathing: Ratio of
compression to ventilation without advanced
alrway Is 30:2 for one rescuer and 15:2 for 2
rescuers {While for adults It ks 30:2 Irrespective
of rescuers). With advanced nirway in place
compression and breathing rate remain same
for all uges, e 100-120 compressions and 10
breaths/minute without eny synchronization,
If there Is only respiratory arrest (no cardiac
arrest, pukses are palpable) then give breath at
a rate of 12-20/min (Adults 10-12/min).
Puise check:

Infants: Beachial/Fernoral,

Chiildrer; Curotid.

Adult: Carotid/Fomoral,
Culfed endotrucheal tubes can be used in
pediatric patients; nonctheless a leak must be
maintained around the cull (inflated or not
inflated) w1 o pressure of more than 15-20 cm
H,0.
Heart rate <60/min with signs ol poor
perfusion {palior/cyanosis) ks 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 |/kg for first shock and 4 |/kg sub-
sequently, If AED is used it automatically
select energy and do attenuation
accordingly. Pediatric AFD are only
recommenided for children < & years (or
<25 kg). Children > 8 years (> 25 kg) should
he defibritlated with adult defibrillators,
For infants, manual defibrillators should
be prelerred over AED
Endotracheal concentration of adrenaline
for adults is 1:10,000 while for pediutric
age group iris - 1000,
Targeled temperature management:
For comatose children resuscitated afier
outside hospital cardiac arrest normothermin
(36°C 1037,5°C)for 5daysorhypothermia {32°C
to 34°C) for 2 days followed by normothermia
for 3 days s recommended. For In-hospital
cardiac arvests maintaining normothermia for
5 dayw is advocated.
Svstolic blood pressure should be maintained
above the fifth percentile for age in post candiac
ATTESt Care.
Malntain normoxin—both hypoxia and hype-
roxia are detrimental.

NEWBORN CPR

The detalied discusslon of newbor CPRis beyond
the scope of this book however same of the
notable polnts are:

fate of ventlation (breathing) Is 40-60
breaths/min (if only ventilation is given ),
Indicatton of chest compression s HR (heart
rate) < 60/ min in spite of adequate ventilation
with 10% oxygen for 30 seconds.

The primary measure for successful ventilarion
Is Increase in beart rate,

2 thumbs with encircled chest is prefejred
method for compression over only 2 thumb
technigue.

Compression ventilation ratio Is 3:1 (%0 com-
peessions with 30 breaths} and synchronkzed.
Reassessment o e made every 30 sec and
continue compression tll HR =60,/ min,
Adrenaline indicated if HR <60/min,

Preterm bables should receive FIO, of
21-30%.

Stop resuscitation if no signs of Hife after 10
minutes,




CPRIN PREGNANCY

*  Studies have shown that latera! tilt com-
promises the quality of CPR therefore lateral
lit has been climinated from new CPR
guidelines and anortocaval compression should
be achieved by uterine displacement.

= Sodium bicarbonate administration i
advocated early.

* Early insertion of endotracheal tube is
recommended 1o prevent aspiration, During
mask ventilation cricold pressure should
be applied continuously till the patient Is
intubated,

¢ Pregnant patients are more prone for hypoxie
thetrefore use of high FiQ, bs recommended.

¢ Emergency LSCS (essarean section) showld be
considvred {f fetus >25 week and LSCS can be
performed within 4 minutes of maternal arrest

OPEN CHEST MASSAGE

Indications are:

o Cardiac tanponade,

Penetrating blunt trauma,

Alr embolism,

Arrest during intrathoracic procedutes,
Chest delormitivs,

COMPLICATIONS OF CPR

Rib fracture.

Pocumothorax,

Poeumopericardium,

Pneumomediastinum,

Injury to diaphragm.

Gastric injury.

Lung injury,

Injury tomajor vessels particularty by traciured
rib,

*  Injury to abdominal organs: Liver, spleen and
stomach,

OUTCOME OF CPR
Outcome depends on the cause, time ol Indtiation
ol CPR and duration for which CPR s performed.
Survivad Is better, if basic life support (BLS) it
initiared within 4 minutes of arrest, ALS within
8 minates and CPR time s less thn 30 minutes.
Fortunmely most common cause of cardiac
arrest is ventricular fibrillation which if deteoted
In time can have 50 o 0% success tate. Average
survival rate of in- hospital arvestis 810 21%.

IMPORTANT CONSIDERATIONS IN CPR
Intravascular Access

Any perdpheral or central vein can be chosen
for IV access. Subclavian is the most preferced
centmal vein in emergency sltuations. In case of
non-availability of intravascular access other
routes which can be utilized are Intransseons and
endotracheal

Intraosseous {I0)

As per the current guidelines intraosseous route is
recommended for all ages (proviously emploved
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 bl 2-3 ¢m below the
tibial bernsity. The drug/flukd Is Injected directly
in medullary cavity.

Endotracheal (ET)
Rates of absocption of drug from endotracheal
route are almost similar to intravenous route,
Drugs which can be defiverad by ET route are:
e Adrenaline
*  Atropine
s Lignocaine (Xylocard)
*  Naloxone,

The dese by endorrachieal rouie is 2.5 times of
intravenous dose and the drug should be diluted
with 10 mL of saline in adultsand 5ml in children.

Fluid During CPR

Glucose containing solutions should not be used
as hyperglycemin increases cerebral edema. Ringer
lactate should be avoided as calctum present in
ringer lactate can cause newronal Injury. Therefore,
Nuid of cholce during CPR s normal saline.

Intracardiac Adrenaline

This route offer no advantage ruther injection in
myocardium can cause significant myocardial
Injury therelore adrenaline by intracardiac route
Is contraindicated in present day CPR.

Calcium

Calcium as a routine is contraindicated in CPR
bocause excess calcium worsens celluiar death,
Calcium is only recommended il cardiae arrest
is due to hypocalcemia, hyperkalemin and over
dosage of calcium channel biockers.



Use of Sodium Bicarbonate

Use of sodium bicarbonate without proven ackdo-
sis on hload gas analysis do more bharm than
benefit due to the following reasons:

¢ Sodium bicarbonate on metabolism produces
carbon dioxide which can change cerebral pH
and can worsen the neuronal infury,

o Excess CO), increases the intracranial tension,

«  Diffusion of CO, into cell can worsen Intra-
cellular acidosis (paradoxical acidosis),

«  Sodium bicarbonate is hypertonic therelore
can Increase plasma osmolarity significantly.
Therefore, it can be very well concluded

that routine use of sodium bicarbonate |s nor

recommended; it should be given only if there s

proven acidosis (pH «<7.15) in blood gas analysis.

Dose: 0.3 x body weight x base deficli.

Cerebral Protection

Cerebral hypoxia and brain damage is a constant
fear In medical practice, Although theoretically
there s conventional notlon that irreversible brain
damage occuss if there is significant hypoxia for
26 minutes however there are enough evidences
that irreversible brain damage has not occurred
even ifter complete hypoxia of 20 minutes (that
is why patient can be declared dead only after
resuscitation of 20 minutes .

T only recommended modality Jor global
cervbral ischemia geen in CPR iy 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 ageonts like Barbiturates (Thiopentong),
Propofol or calcium channel blockers (Nicurdi-
pine, Nimodipine) are useful for focal ischemia
however their mle in global Ischemis is not proven,

Brain Death
Brain death s the irreversible cessation of all brain
functions.

Criteria

« Rule out all reversible causes of coma (bypo-
thermia, drug intoxdcation, metabolic esceph-
alopathy, shock eic)

e Absent cerebrsl functions: No motor activicy
{even decorticate or decerebrate activity
should be absent), no cerebral responsive-
ness.
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*  Absent brainstem reflexes (cough, pupitlary,
corneal, pharyngeal, luryngeal and carinal)

o Clinical test
No spontanseous respiration even if pCo,
Increases 1o 60 mm Hg
No spontuneous respiration and cough
reflex on carinal stimulation
No Increase In heart rate in response o
2 mg atropine

«  Highly desirable (but not necessary)
HFlat (iseclectric) EEG
Absent evoked responses
Radiological evidence ol absent cerebrul

perfusion,
Declaration should be done by two doctors:
one among those should be the neurologist.

SUMMARY OF CHANGES AS PER 2015
GUIDELINES IN COMPARISON TO 2010
See Table 41,2

DRUGS FOR CPR

Adrenaline (Epinephrine)

It stimulates both o and b recepiors (both 5}
and P2). It increases stroke volume, heart rate
and cardiac output, It Increases the systolic
while decreases the diastolic blood pressure.
Visocenstrlctlon seen in cerebral, pulmonary and
coroniry blood vessels is fiur foss ay compared to
vasocaonstriction seen in other vascular beds like
skin or splanchnic leading 1o diversion of hlood
flaw from nan eritical to vital structires ke hrain
antd fieart [a very beneficlal offect of adrenaline in
CPR).

Pharmacokinetics

Avallable as 1 mi Injection containing 1 myg of
adrenaline In 1 1 LOOD concentration. It can be
given tw 1V, 1O (Intmnosseouns), indotracheal route
(ET), UM and subcutaneous {(S/C)

Concentration and Dose
See Table 41,3,

Amiodarone

Amiodarone Is considered as drug of choice
Jor ventricudar tachycardia. It can be used for
ventricwiar ay well ax supraventricular tachiycardia,
Tirst dose 18 300 myg IV and subsequent doses are

150 mg,




W Table 41.2: Comparisan batween 2010 and 2015 gudelines

100-120 but vot more than 120 100/min

10, Organdonation

W Table 41.3: Concentration of adrenaline

1. CPR: 1 mg 10 be repented every 3-5 minutes VAG/ET1; 10,000
; If preenixed 1: 10000 i ot available then dite 1 amp.
f (1: 10001 with 10k of saline

b3 mmus-mnubcmdms-sm 1M (and S/C)—1: 1000
INAO/ET—1; 10,000

__

4. Tor producing local ischernia ; 11100000

8 Table 41.4; Summary of cardiopulmonay and cerebeal rpsuncitation (CPCRY

: 1 year-puberty  Above puberty.

sterrum

15mch - 2ingh (5 em)
@em) 1/30lAP  (1/3af AP
diameter of chest}  dlameter of chest|
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Xylocard For summary of cardiopulmonary and cere-

Xylocard is preservative free Lignocaine used for  Dral resuscitation (CPCR) see Table 414,
the treatment of ventricular tachyarrhythmia.

The dose is 1.5-2 mg/kg follawed by infusion at a

riste of 1-4 mg/min.

ca
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Appendix

Conversion of Pressure
SIunit s kPa

I atmosphere « 760 mm Hg = 1033 kg/em” =
1.013 bar = 14.7 PSI {pounds per square inch) =
101.32 kPa

1 kPa=T75mm Hg

TmmHg=1torr = L3em HO = 13 mum H.O

Units used in India are PS1 and Kg/cm® (1 kg
om’ = 1401 PSI)

For example: In a full oxygen cylinder the
pressure s 2000 PS1 which will be 141 kg/em or
134 bar or 14000 kPa or 106,000 mm Hy.

Drugs Metabolized by Plasma
Cholinesterase (Pseudocholinesterase)
¢  Suxsmethonlum

*  Mivacurlum
*  Ester-linked local anesthetics (except cocaine)

Drugs Metabolized by RBC Esterase

*  Remifentanil
o Exmuolol

Methemoglobinemia is seen with

*  Polocaone

¢« Henzocaine

+ Nitroglveerine

o Tmpurities in nitrous oxide cylinder

Agents Producing Convulsions

o Methohexitone

« Enflurane

o Sevoflurane

o Aracuriumy/ cisatracurium
*  Loecal anesthetic toxiciry

Antanalgesics
« Thiopentone (at sub-anesthetic doses)
*  Promethazine

Bag and Mask Ventilation is
Contraindicated in

«  Full stomach
*  Pregnancy
* Imtestinal obstruction
«  Conditions increasing intra-abdominal pres-
sure like obesity, abdominal tumor and
astites
Conditions impairing the tone of lower eso-
phageal sphincter like hiatus hernia and
neuromuscular diseases
« Conditions delaying gastric emptying like
dinbetes mellitus and oplolds
»  Neonatal emergencies
Diaphragmatic hernka
Iracheoesophgeal fstula
Meconium aspiration syndrome
Pyloric stenosls






A

Abnormalithes af chest musements B
Abnormal pain responses 272
NHO incumpotdilivy 77
Acetylcholine yeceptor 123, fgures 13,2, 13,3
Acetylcholmesterase 12
Acid-hiase munagement
Acichasis
Meaaholic 291
Hespinmsory 293
Allonsis
Mecabaolic 295
Tesgrirsury 293
DMagnastic approach 293, flane chart 01 (page 294)
Interpremtion of normal blood gus 243
Sutrimary af changes bn acid base disnarhances,
tnhle 40.2 | page 295)
Acguired immunodeficiency syndrame (AIDS)
Anesthatic cunsidesntions 215
Transtusion related 78
Actimmogaly, anestbetic considerations 206
Acugumectire 271
Acume bung Injury [see ARDS)
Achdisan’s dissase 2089
Adenoeonsilieccony, anesthotic consideranions 256
Adremal dysluncions, anesthetic management 2068
Adrenaline | Epinephirine ) 308, table 4 1.3 [page 309)
Toarecanr diae 07
Adducsar pollicis 123
Adremocortical suppression | N
Adult espiratary distress syndeome (ARDS)
(Causes 291
Dragnasis 291
Manmgemont 29)
Management of refracsory ARDS 2492
Ar 105
Cylinder 17, tabde 2.1 (page 18]
Embolism [see venous ar emvholssm)
\irway
Anatcomy 3
Assessment 50
Block 162
Definite 37
Duffacuk 52
Assassnent 53

Camises 52
Management 54, Do chan 5.1 (page 54)
Guedel 32, figure 3.1
Infraglamic devices 17
Endotrachen! mibes {also see intubhation) 17,
fgreres 3.1TA 2178 | paagge 38 )

Ssnagemune Sor cenvical spene njury 56 300,
Mo chart 5.2 {puge 55)
Management Sor foreign body 298
Pressure, low and volume momitering &5
Pediatric 236
Resistance 6
Supraglottic devices 55
Aladin cassetoe vaposizer 21
Albamin 72
Aldrete score 148
Allencanil 117
Allen's test 58
Alpba 2 agomises T8
Atvimopan 114 118
\zheimer diseass, anesthatic munagiment 196
Ambu bag resusestator 32, Bgures 3.4 and 3.4 [page 33)
American Society of Anestiwsiologises (ASA | geading 18
Amethocaine { Tetracaine) |55
Amineglycasides | prooperative) 50
Amaadurne 308
Amnesin
As component of balance anesthesis 07
Ioscloguaase 142
Amsurh 28
Amyoeropbic loterad sclerosis, anesthetc mansgement 157
Analgesin
Labor 233
Ntlent-controbied 271
Pee-empeive 271
Refrigerntion 158
Annlpesics, intrnwanis 268
Anaphylactic/anaphylaciodd reactions 118
Anurnin
Anesthetlc management 216
As compdscathon of nitrous oxide 4%
Anesthesla
Balanoed 87
Componess 87
Palornsa 272
For hum 2080
For co.existing diseases (also see speciiic dissises)
Blood (isocdess 216
Cardiovascular disegses 153
Contral tervous discases 19
Fhectrolyte iisbalances 204
Endocrival disegses 2068
Hepatic diseases 199
Immune-medinted diseases 214
Infectious diseases 214
Neuramuscular diseases 211
Pevchistrie disarders 197
Henal diseases 202
Respirutory diseases 192



For day-tare surgery [also see day care surgeries) 267

For ENT (alsa see ENT anestbesia) 255

Yor pechatrics (also sew gerisric anesthesha) 242

For laparscopy (alve see aparoscopy ) 210

for malignant hyperthermia 145

For peurosurgery {ulso see newros urgical
anesthesin) 229

For ohese patlents (aba see bartarnic anesthesia ) 245

For obstetrios (slso e obstetric anesthesia) 230

For ophthalmic surgories (also sew optithalmic
anesthesia ) 252

For arthopedies (also see arthopedse atwsthesks ) 262

For pedingrics (also sn pediateic anesthesia) 236
For remote locations 265

Por trannmn (also see anesthesin foe traumn) 256
High allitude 265

IHstory K3

Loww flow 27

Machine 15 (also see anesthesin machine ), Sgure 2.1
(g 15), 2.2 [page 16) and 2.3 (page 16)

PMrotocol (for ourmial patkest) 87
Stages, thle 9.1 (page 848)
Waork station 15 figure 2.3 (page 16)

Anesthesia machine 15, Sigures 2.1 10 2.3 (pages 15, 10)

Checking of 20
Nogative pressure test 30
Posleive pressure tess 4
High pressure systeem 15
Insermediste pressure sysam 19
Low pressure system 19
Mechanics of gas Nlow 22, figere 2 13 (page 23)
Safery feanses 30
Ventilatoes 22
Asesthetic 1othes 91
Aniun gap 204
Ankle bbock 162
Ankylosing spondylits, anesthetic management 214
Antibiiotics

Tar proplataxis 51
Preoperative 50
Anticbolinengscs (a5 premedication | 51
Antichollnesierases
Far sevenal of neuromusautar block 13)
Mechasniisen of action 131
Preoperative 49
Anticoagulants
And ceneral nesraxial blocks 177
Preoperative 48,49
Antdepevssants
Preoperutive 49
Leanetics

Far preoperstive propindaxis 5|
For treanment of pacses aod vamitiag 143

Ani

Anthypectensives
Proopesutive 49,190
Antiplaretets

And reglorss anesthesta 177
Peoopeerutive 49

P

Antitubercudar

preoperative 50
Aottic regusgitation, apesibietc management 104
Aol steponis (AS), unesthetic management 186

Mansoring for son-miubabad 64
Arnterial cunnuslacinn
Comphcations 58
Uses 58
Arrhythamias
As camgplication 30
Managoment of non-sbockable dvydhims 302,
Tow chart 41,3 (page 304)
Munagensent of shockabile thythms 301,
Oow vhiart 41,2 (page 302)
Aspirin
Arxl reglonal anesthesia 177
Preopersiive 38

Furign body and segroents snvalved 4
Mapagemont of bigh risk cases 137
Of gastric contents 136
Prodisposieng lactars 137
sk fuctons 137
Asthima, anestheic mansgement 193
Asywiole 501
Arclectasts 138
Arfacurium 129

Atropine

As premmedicntson 51

For bradycardia after spinal 170
Anypical proudocholinesterase 126
Augmented inflow effect 91
Avtalogous blood uanshusion 79
Autonoenic dysfunction 197
Anurcness 142
Ayre's | poece 26, figere 2,14, tabide 2,4

Backache
As complication of spinal anesthesis 173
Managenuent 271

Bag and mask ventlation
Contralndications 137 (alse see appendix 311)

Badn clronit 24, figares 2.14 and 2,17, rable 2.4 [pages 24-24)

Berbritsirmos 106
Batiatric aowstlesia 245
Barotrauma 263
Barylime 27
Reactlon with inhalational agents 23
Basic e suppart [BLS) 297, tible 411 pagee 238),
Dhorw chart 41,1 {pagge 299)

Pharimscobinetios, tabde 121 (page 111)

Systemnic effeces 111
Uses 111




Heraylisogqumoline compounds
(a0 sen indivicdiual agenis) 128
Bernoull's law 11
Heta blockers 183
fiker's hlock (nmravenoas regional block) 161
Hillary abstructian, anesthwtic manugensent 200
Bispectral mdex monitoring 69
Tiocks [alyo see ndiiduat biocks)
Head und neck 162
Lowor linb 1652
“Thosnx and sbdomen 162
Upper b 160
Blood, anificial 79
Hood gas unatysis 65 (also see acld base dstarbances)
oo gas partisun coefficent (B/G Coefl ) 91,
mblke HL2 (poge 91)
Hiood loas
Allowabile 216
Manioring 64
Treatment (see marssgement of shock 205)
Riood pressune
Tovasive 34
Monituckiag 57
Wood satvage and reinfusion W)
Riood raesfisinn
Autodogous 74
Chunges i soced blood 76
Complications 77
Infocsios 78
Nominfectinas 78
Transfuson reactions 77
Campoaent theragry 7U
Cryopeecipitate 77
Fresh frozen plasma 76
Frooen BBCs 76
Packed med blood vells 76
Plaelets concentrate 77

Emengency 76
Girouping and computibility 75, table 7.2 {page 75)
Indications ?
Massive 76
Storage M
Boyle's law 11
Hoyle's machiine [soe anesihesia machine)
Brachial plexus block
Axillary appeoach 161
Infraclivicular appruach 161
Inserscalene approach 160

Bresthing bag 24, figure 210 {page 29)

Breahing circults
Checking J0
Closed 20, fagure 2,10 (page 26)
Compurents 27, igure 219 {pagr 27)
Carban dioxide absorbeats
Amsarh 74

betwesn closed st somiclosed clrcuies
tabile 25 [page 29)
Furtnes affecting carhon dioside ahsarpion 29
Open 22
Semiclosed (Mapleson circuim | 2,
figgew 2. 14 (page 24), tablo 2.4 {page 26)
Ayre's T plece 26, figure 2. 14 {page 24).
cable 2.4 (page 26)
Nabns 24, figure 2,04 {page 24) and 217 (page 251
wable 24 (page 26)
Hafina 26
Humprey ADE 26
Jackson Nees 24, Bigure 2.14 (page 24),
wible 24 (page 26)
Magill 23, figares 2. 14 (page 24) and 215 (page 25/,
bl 2.4 (paye 26)
Waler's 24, figuze 2.0 {page 24), tuhle 2.4 {page 26)
Singhe lmb (universa ¥) 20
Brever Lockhan refles 139
Rronchial

Baibble oxygenation 42

Bullard laryngoscope 34, figure 3.7 (page 34)
Bupivecalne [Sensoricakne, Marcalae) 156
Bupresorphine 117

Burms

Anesthwtie mnanagement 260

Emnergency management 2380

Fluld management 260
Butorphannl 118

C

Calemm
Drisoeders 204
In CPR 30T
Cancer pain 272
Capnography 62
Newsal 64
Uhsen 02
Waveform 62, figures 6 1 {page 62)
and 6.2 {pages 62, 641)
Capoothorax 248
Cartron dioxide 105
Absarbents X7
Cylinders, ahle 21 [page 1H)
Dissociarion ousve 8
Trasspartin bood &



Carbon monoxide (CO) polsardng 252

Canfiec arrest {abso see Candio pulmonary resuscitation)
As complication in periopesative peciod 141
Causes 297

Management 297
Cardine failare, anesthenic constderations 108
Cardiac implanted electronic devices, anestbotic
canskdorations 189

Cardlac massage
Miethod 300, figure 410 (page 300
Open chest 307
Phyysialogical comsiderations 301
Cardiac transplant putients, anesthedlc considerations 105
Castomyopathies, anesthetic considerations 158
Cardiopalmonary resuscitation (CPR)
Adrenaline in CPR 308, table 41,3 (page 318)
Advanced canfbnaseslar I8 support (ALS) 200,
table 41.1 {page 298)
Alrway macagesnend 298
Arbvihmla

IBatgement
Shockable 301, Bow chart 41.2 (page Q)
Nonshockahie 302, fhow chart 413 (page 304)

Basic life support (RL.S) 297, cabile 411 (page 296).
e chiart 4 1.0 grage 299}

Heeathing management 300

Clrculation |cardiac massage ) 200,
fagare 41.1 (page 300)

Complcavians 307

Comparison of 2000 and 2015 guidelimes,
tabile 41 2 {page 509)

Compression ventilation ks 301

In pregrancy 307

Manhoelng performance 301

Pediatric 300

Postcunding arrest care 306

Rauses of drog administration 207

Summary, table 41 .4 (page 309)
Caudeeguina syndrome 172
Caudal block (Epitursd sacral block) 176
Cediac pheaus block 274
Cement implantation syndrame 263
Centralty scting msuscle relusants 133
Contral pesrsxial blocks (also soe spinsl and

epichural anesthesia}

Advantages over GA 165

Applied suatony 164

Contraindications 177

Systemdc effects 166
Cenpal supply of cxvgen and tdtrows oxide 14
Contral venoas prossure (CVP)

Compicithons 19

ladicanons 58

Monsortny 58

Technigue 59

¥ 4

=t

Cerebeal blood flow (CHE) 223
Cerebral metabolic rave (CMR) 223
Ceseliral protection 308
unehmquml Puld (CSE) 165
Ceretirovascular sccsdent, anesthetic muwsnem 194, 227
Cervical plexus block 162
Cervical spine
Abrwary st 5, 300, fow chart 5.2 page 55)
Cesarean sectlon
Anesthetic mansgement 231
For heart disease patents 233
For PIH putkenis 233
Charke'slaw 11
Chest movemenes
Abnormaulities 8
Child-Pugh classificacion 199
Chiossform 102
Chlomprocaine 165
Chronic obsiructive palmosasy diseuse [{COPD)
Anesthete comsideracions 104
Critical care managemmsent 292
Carcunts (see breathing cirowits)
Cis-aracurium 129
Clonsdioe |10

(nqulu&m desarders, anesthetlc management 21U
Conrctation of aora, snesthetic considerutions 167
Cocaine 1556
Colloids 72
Cambined spinad-epldural anesthesia (CSE) 1768
Cambitube 37
Camples regional patm syndrome (CIPS) 272
Complications [ perioperative) of genorsd anestisesin F16
Cancentration efect 81
Congenital heart diseases, amesthetic considerations 107
Cangestive heurt fallure (CHF), anesthetic
mamagement 58
Canralled hypotension 140
Canvulsions
As complication of GA 141
Commack and Lehane classificaton for larynguoscogy 53,
figuare 5.2 (page 53)
Cranlal neeve palsies
With sgrinad 172
With trkedene 102, 142
Cricokd peessare 138
Cricothyrotany 42
Critical care management (see Intenséve care
management)
Critcal fempersture 1)
Crroprecipitate 77
Crystallokds 71
Cun of endoeracheal tabe 37
Oushing syndrame, snesthets conssderations 200
Cyclodexmms (sugammades) 122



Cyclopropane 102

Cyllisders 15
Alr 17, fagare 2.4 (page 17) tabile 2,1 (page 10)
Carhon dictde tble 2.1 (page 11)
Cychopeopane table 2.1 { page 18)
Entonos 17, Ngare 2.6 (page 17), table 2.1 (page 18)
Heliox 17, table 2.1 (page 18)
Nitroes eide, Fgsire 2.5 (poge 17), table 2.1 (page 18)
Oreypen 15, figguare 2.4 (page 17), tabde 2.1 (page 16)
Valves 17

D
D tubocurare 128
Dy care surgeries
Advantages 267
Anesthesia 268
INschange crieeria 268
Patlest anud procedure selection 267

Dwsep veln thrombosls, incidence with sprnal 166
Defibelaica 20|
DxSiriuen 142
Deprolarixing massele relaxants 124
Deprrension, anesthetic managemenr 197
Depth of anesthosin 6%
Desflizrane

Anesthetc propertios 99

Metabolaum Y9

Fhyscal propesties %2

Sysaennic effects 49

Uses 94
Dexmedetumitine 118
Destrans (Losmodes ) 72
Dvextrove nommul saline (NS} 72
Duzecian 1IN
Diabetes mellitus, aneschetic management 206
Dinmeter index safoty system (DISS] 18
Diaphragmatic hersla, asesthetic enumggement 200
Do 111
Dibweaine (Canchoculne) 157
Dibucaine number 126
Differentinl Mock 134
Diffcult mirway 52

Assessment 53

ot 52

Management 54 Oow chart 3,1 (page 5¢)
[Miffsivm hyporxia ( Fink effect) 52
Discharge criterla

AMrer day-csre surgery 268

From postanesthesia caze unit 14
Dessemminated inmavescalar coagulstion (DIC)

Divzetics 50
Deribyle hirmees tubes 39, Nggore 519 (page 40)
Complicatans 40
Conflrmation of pesitan 40
Indacutsons 34
Doy synudmme, anesthetic managemnent 240
Dasacurium 124
Duoperidol 120
Dyug abuse, anesthetic managemens 19
Dual block 127
Duchonne's dystrophy (Pseudobypertrophic muscular
dystrophy), anesthetic managemens 2§2

E
Ear surgenes, anesthetic managemseot 256
Echocard ligraply #0
Transesophageal 60
Transthosaeic G0
Fdrophoniven 132
Blecuwial haxards 147
Frecautions tw provemt 147
Bhectrical ispendence pubmonoenetry 64
Elecrocanfiogmphy (ECG) 57
Hectrocomalslyve therapy 168, 198
Flectroencephinlogram (EEG) 60
Effect of anesthotic agents il
To monwor depeh of anesshests (9
Elecirmlyte imbalances 208
Embolism
Air 226
Fat262
Pubmanary 139
Endogenous opiald 118
Endatrachenl ilnag sdministration 307
Endotrachenl tubies (also ser imtubation ) 37,
figures 2 17A and B (page 38}
Anit deaid space S8
Canfirmation of position 40
Cutr 37
Decuding lengzh 19
Decidiag size 33
Double lumen 39, figure 3.19 {puge 40)
Microlarvngesl 3%
RAE (Onford ) 3%
Spirul embedded (Sexometaliic) 39
Type 39, table 21 [page 38)
Enflarane 100
ENT anesthesia
Anesthesis lar umuluamy 20
Anesthesia for
Anwsthoskas for masul surgeres JM
Anesthesia for panendoscopy | Microlanymgeal
surgerses ) 255
Laser concems 256
Entonox 96
Cylinder 17, figure 2.6 page 17], tabile 2.0 (page 18]
Fotropy 69
Ephedrioe 170



Epidural (Extradural, Peridural] anesthesia
Advantages over spisal 175
Comparisan with spinal, sahle 1721 (page 167)
Contruindications 177
Disadhvantages over spinal 175
Drigs

Local anesthetios 174, table
Opsiciiids 174

Epidural nuodles 174

Factoes effecting devel of block 155

Indicstions 174

Technigue 174

Siee of actan of drugs 574

Epidural space
Anatomy 165
Venous plesius | plesus of Bitson | 165

172 (pagge 174)

Fastnctic mixture of local aneszhetios [FATLA) cream 157
Evoked responses G

Expiratary reserve volume 10

Expiired gas analysis 62
Extracorpareal oxygen delfvery devices 42
Extabason 41

F

Focernask X2 thyure 3.2 (page 37)
Fall safe valve 19
Fumiliol periodic parlyss anesthetic
comyiclerations 212
Fascin fllara biock 162
Fusting instructions 50
Fut emebolam 202
Feballe reactions, pust-transiusion 73
Femoral block 162
Feotanyl 117
‘Whmuuuwu 3, ligaare 3.9 (page M)
Flling racio (Filllng Dessity ] 17
e
Dmgl-gnmm
Hazards 147
Trecautions 10 prevent 147
THow 1
Of gasen .J

‘Turbulene 11
Volume Logps 10

Vlowmeters 20, figures 2 10 | page 20), 2.11 {page 21)
Flulds
Colloads 72

table 7.1 (page 71)

Foe bum 75

For cardiac patlest 74

For cervheal edema 74

For liver faikare 74

For palmonary edviw 74

Foe renal falluze 74

Fuor sepnis 75

For shock 75

Guiding parmmesens 74

In CPR 307

Marsagemont [for perioperasive persod) 7

Routes for admisistmnon 75
Flumazerd! 112
Puoade induced nephrataciry 93, ahle 10.3 (page 43)

Funceiona) residual capacicy (FRC) 10

G
GAPD deficiency 218
Gallamioe | Floxidil) 129
Gamins cyelodeserins 132
fenpaar block 374
Gamtacurivm 150
Gaszric onometry 60
Grelarins (Hemacosd ) 72
Genuenal anesthesia
Complicagions -6
Araphyloctic 146
Carbiovascular 140
Gastrotmiescnal 142
Hores 137
Heparic 143
Mosnality 136
Nournlegical 141
Ocular 146
Ocouputsmal 147
Pan 143
Posnion reluted LG
Nowsad 183
Respirmory 136
Stipes 88, sable 9.1 (page 22}
Thoermal 143
Camponoos §7
Protocel 17
Crrlinrie wnostisla )
Anpsthetic managemnng 242
Physlalogiosd Clanges 242
Possoperatre cogoltivee dysfuncrian 243
Possopermone delicn 243



S L~ L 1 .~ | |

Glasgnw coma soale 226
Global wormsing by inhalational agrnes &4
Glucose salurions 72
Glycopyrmolate
As cumponesnt of reverssl 132
As preenndication 51
Goal directed thuragy for fulds 74
Goldman vaparizer 21
Graham's law 11
CGranubooyee previpitne 77
Guoded nirway 52, fgure 1.1 (page 32)
Guillsin - Barré syndroms, anesiieic
comslderations (47

H
Hagen Posseailie law 11
Halathane
Anexthetic properties 47
Conzuindications 08
Prrugg inseractions 91
Metubolisin 97
Phiysical properties &)
Syntermic offects 47
Halothane hepatits 97
Heudac e
Anesthetc management 156
Post-spinal 171
Hend injury
Anesthetic managemenst 325, 226
Heort failure, snesthetic conssderations 168
Heat and modstwe exchungers 43, Rgure 3,20 (page 41)
HeldlnhMluwieter 20
Helmlich maneuver 290
Fleliox 10%
Cylimder 17, tabie 2.1 (prage 19)
Fielivam 105
Hemasopaletic sysiem and inkhalational agersts 93
Hemalytic reactions 77
Hemalytic reactions 77, 78
Hemaphilia (see coagalation disarders )
Heparin (standasd und low mnleculsr weight)
A regional anesthesta £77
Precporative 8
Hepntie
Anesthetic manugement lor hepatic diseuses 199
ood Sow aod inhalational sgents 92
A compilicstions m perioperative persod 143
Hepairss (post-cransfusion) 78

Muman lmmmunodeficency virus (V)

Anesthetic conshidentions 215

As camplication of transfsion 78

As necupatiorsad hazard 147
Humldification devices (humidifiers) 43,

figure 3.20 (page 43)

Hurmprey (ADE) sensickased clireult 26
Hydrodynamics of regurgation 157

Hypesealoemnlin, anesthetic consicerations 2M
Hypercarbia 140
Hyperkalemia, nnesthetic consideranans 204
Hypermagnesemin, anesthetic consiceracions 204
Hypemsttomss, anesthetic considecations 204
Hypessensaon

Anestheoc manngement 1859

As complication i periopesative pertod 10
Hy

Causes 103

Maliggnant 104
Hyperthyruidism, anesthetic management 207
Hypertanie Saline 72
Hypertrogthic abstrucuve cardsamyopathy 188

Hypuotensian {ais see shiock)
Aesthetic management 190
As cotplications in penoperative period | 40
As complications of spinal anesthesia 169
Coatruoed 10

Iypothermia
As complication in pertoperasdve perod 143
Definition 65
Induced 66
Svstemic effects 66
Treaunent 60

Catises 135
Classification 103
Systemde effects 103
Treatment M2
Hypowic prdmonary vasoconstection V)Y

Sl LMA 36, figguare 3,14 (page 37)
Hintnguinal and ilohy pogastric nerve block 162



Inhalational agents (also see ndividual ageots)
Ahsarption in circuits 92
Aminesaa
Analgesia B¢
Bloodd gas coefliclent 91, table 1.2 (page 01)
Classification &4
CNS effecs 93, 224
Effect on uterus %4
Foctoes effecting uptoke B0, %1
Huoetde production, table 103 (page 93}
1 comuman use 94
Indlammalkility 94
Mechanism of action B9
Metabolasm 92
Not in current use 100
Orome destruction 54
Fhysical properties, table 2.3 (poge 22}
Podency 40
Reacton with sodalime and barylime 94
Summary of anestheoe pooperties
e 10,4 (page 100)
Summary of systemic offects, tabile 10.5 (page 103}
Systernic effeces 52
Teratogenicity 4
Uptede and diseribution <0
Inotropes 207
lnmlh(dooc'd)uunmbdow surgery) 206

mmumn.mummmm
venullation) 271

Nutritinnad theeapy 287
Intorcostil nerve block 274
Imtermediare prosssre sysoem of anesshesia machine 19
{atm-arterinl thiopentone injection 108
Intsncardiae sifyenaline 307
Intracranial tension (1CT)

Aneibetic munagement for mlsed JCT 225

Methods 10 decreass 223

Sagn and wympronss 223
Incraocular pressure (JOF) 252
Ingraasseous toute for (aid sdeninistation 75, 307
Insravenonis Apesthetion (alvo see todividunl agents )

Classificathon 106

Harhiturases 106
Nanbahirsies 109

NS ofocns 2124

Histary #e

Summary of systemic offocts, table 12.2 (page 119)

Susmmary of unesthetic effects, tbie 12.3 (page 120)

Ui 106
fntravenoss regional block (Bler's block) 161
Intubating LMA (Eastrnch) 36, figure 3.11 (page 15}
Intubadion

Comglications 41
Contraindicatio

1o 40
Difficult
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