88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

exposures under clinical conditions. Anesth Analg.
2003;96:757.

Brain AIJ. The laryngeal mask: A new concept in airway
management. Br ] Anaesth. 1983;55:801.

Mason DG, Bingham RM. The laryngeal mask airway in
children. Anaesthesia. 1990;45:760.

Pennant JH, White PF. Review article: The laryngeal mask
airway. Its uses in anesthesiology. Anesthesiology.
1993;79:144.

Davis PJ, Galinkin J, McGowan FX, et al. A randomized
multicenter study of remifentanil compared with halothane
in neonates and infants undergoing pyloromyotomy.
Anesth Analg. 2001;93:1380-1387.

Galinkin JL, Davis PJ, McGowan FX, et al. A randomized
multicenter study of remifentanil compared with halothane
in neonates and infants undergoing pyloromyotomy.
Anesth Analg. 2001;93:1387.

Ross AK, Davis PJ, Dear G, et al. Pharmacokinetics of
remifentanil in anesthetized pediatric patients undergoing
elective surgery or diagnostic procedures. Anesth Analg.
2001,93:1393.

Friesen RH, et al. Oral transmucosal fentanyl citrate for
preanaesthetic medication for pediatric cardiac surgery
patients. Paediatr Anaesth. 1995;5:29.

Viscusi ER, Reynolds L, Chung F, et al. Patient-controlled
transdermal fentanyl hydrochloride vs intravenous
morphine pump for postoperative pain: A randomized
controlled trial. JAMA. 2004;291:1333.

Hickey PR, Hansen DD. Fentanyl- and sufentanil-oxygen-
pancuronium anaesthesia for cardiac surgery in infants.
Anesth Analg. 1984;63:117.

Anand KJS, Hickey PR. Pain and its effects in the human
neonate and fetus. N Engl ] Med. 1987;317: 1321.

Kain ZN, Hofstadter MB, Mayes LC, et al. Midazolam:
effects on amnesia and anxiety in children. Anesthesiology.
2000;93:676.

Freeman JA, Doyle E, Im NG, et al. Topical anaesthesia of
the skin. Paediatr Anaesth. 1993;3:129.

Schwartz L, Rockoff MA, Koka BV. Masseter spasm with
anaesthesia: incidence and implications. Anesthesiology.
1984;61:772.

Food and Drug administration, 1997. Dartmouth Pediatric
Sedation Project Site: available at http:/ /an.hitchcock.org/
Pedi Sedation.

Abajian JC, Mellish RW, Browne AF, et al. Spinal anaes-
thesia for the high-risk infant. Anesth Analg. 1984; 63:359.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

s

Yaster M, Maxwell LG. Pediatric regional anaesthesia.
Anesthesiology. 1989;70:324.

Zeltzer LK, Jay SM, Fisher DM. The management of pain
associated with pediatric procedures. Pediatr Clin North
Am. 1989;36:941.

Schechter NL, Berde CB, Yaster M. Pain in infants, children,
and adolescents, 2nd edn. Baltimore, Williams & Wilkins,
2002.

Kain ZN, Caldwell-Andrews AA, Wang SM, et al. Parental
intervention choices for children undergoing repeated
surgeries. Anesth Analg. 2003;96:970.

Ungerleider RM, Greeley W], Sheikh KH, et al. Routine
use of intraoperative epicardial echocardiography and
Doppler color flow imaging to guide and evaluate repair
of congenital heart lesions: a prospective study. ] Thorac
Cardiovasc Surg. 1990;100:297.

Harrison MR, Adzick NS, Flake AW, et al. Correction of
congenital diaphragmatic hernia in utero: VI. Hard lessons
learned. J Pediatr Surg. 1993;28:1411.

Harrison MR, Adzick NS, Longaker MT, et al. Successful
repair in utero of a fetal diaphragmatic hernia after removal
of herniated viscera from the left thorax. N Engl ] Med.
1990;322:1582.

Harrison MR, Golbus MS, Filly RA, et al. Open fetal surgery
was performed at UCSF. N Engl ] Med. 1982;308:591.
Rosen PJ. Bleeding problems in cancer patient. Hematol
Oncol Clin North Am. 1992;6(6):315-28.

Rogers MC, Nugent S, Traystman R]. Control of cerebral
circulation in the neonate and infant. Crit Care Med
1980;8:570.

Lindahl, Lindahl SGE. Oxygen consumption and carbon
dioxide elimination in infants and children during
anaesthesia and surgery. Br ] Anaesth. 1989;62:70.
Fletcher R. Gas exchange during anaesthesia and controlled
ventilation in children with congenital heart disease.
Paediatr Anaesth. 1993;3:5.

Saint-Maurice C, Meistelman C, Rey E, et al. The pharma-
cokinetics of rectal midazolam for premedication in
children. Anesthesiology. 1986;65:536.

Goudsouzian NG, Standaert FG. The infant and the
myoneural junction. Anesth Analg. 1986;65:1208.
Motoyama EK, Glazener CH. Hypoxemia after general
anaesthesia in children. Anesth Analg. 1986;65:267.
Lerman J, Eustis S, Smith DR. Effect of droperidol
pretreatment on postanesthetic vomiting in children
undergoing strabismus surgery. Anesthesiology.
1986;65:322.



.

myosin. The myofibrils are scanty, poorly defined and
aligned peripherally with limited capacity of protein
synthesis. The myocardium is composed of higher
proportion of non-elastic and non-contractile proteins
(60% versus 30% in the adult myocardium) which
renders it less compliant as compared to the adult heart.
There is a greater extent of Type I collagen in the
newborn’s myocardium which is more rigid as
compared to the adult Type III collagen. The neonatal
myocytes contain higher proportion of water than
contractile elements accounting for their decreased
contractility.

The cell replication process varies in the foetus as
compared to the adult. Foetal cardiomyocytes demons-
trate the ability to undergo hyperplasia in addition to
hypertrophy while the adult mature myocytes can
divide only by hypertrophy, i.e. increase in size. The
cell dimensions and surface area of the myocytes rapidly
increase in the postnatal life.

The functional limitations of the neonatal heart are
largely attributed to its structural immaturity. The poor
compliance of the myocardium leads to its limited
cardiac reserve. The heart is unable to respond to an
increase in volume on the Frank-Starling curve to an
extent the adult heart would. This results in the cardiac
output being dependent upon heart rate more than
stroke volume. The adult mechanism of increasing
stroke volume to cause a proportionate rise in cardiac
output is more resourceful. But infants and children,
on the other hand, expend more energy in the process
of increasing cardiac output by increasing their heart
rate during stressful situations.

The changes in ventricular pressure are more easily
transmitted to the opposite ventricle in the immature
myocardium. Also, the LV and RV diastolic filling is
severely impaired. Limited compliance and equal
masses of both the ventricles contribute to their
interdependence. The pressure and volume overload
experienced by both the ventricles at birth lead to their
hypertrophy. The adult ratio of LV to RV mass of 2:1 is
attained several months after birth. Also, the
biventricular interdependence makes the heart more
susceptible to myocardial depression when faced with
adverse events such as hypoxia, acidosis or anaesthetic
agents. The stiffer nature of the myocardium restricts it
potential to respond adequately to fluid overload. Thus,
the neonates poorly withstand any increase in preload,
afterload or depressed myocardial contractility.

Another important point pertaining to calcium ions
is worthy of mention here. Calcium ions are essential
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for the excitation-contraction coupling resulting in myo-
cardial contraction. These ions diffuse into the t-tubules
and are released when required to enhance contractility.
The earliest evidence of longitudinal sarcoplasmic
reticulum is seen by the beginning of second trimester,
but t-tubules are visible only after birth. Due to this
underdeveloped sarcoplasmic reticulum in the neonatal
heart, there is a limited storage capacity of calcium. Thus
the neonatal myocardium is more dependent on sodium
calcium channels for calcium influx from the extra-
cellular space. This explains the increased sensitivity of
neonatal heart to hypocalcemia and drugs like digitalis,
calcium channel blockers, etc. and its dependence on
extraneous calcium sources. Also, the reduced Ca-
ATPase enzyme activity on the sarcoplasmic reticulum
results in a decreased calcium release and reuptake.

Lastly, the source of energy for myocyte metabolism
in the neonate is lactate while in adults long chain fatty
acids are favored. This difference is due to deficiency of
enzyme carnitine palmitoyl transferase-1 which trans-
ports long-chain fatty acids into the mitochondria. The
relative dependence of the neonatal myocardium on
anaerobic metabolism offers a somewhat protective role
against hypoxia. The fundamental differences in the
cardiovascular functioning of the neonate and adult are
summarized in Table 3.2.

AUTONOMIC REGULATION OF CARDIAC FUNCTION

The cardiovascular functioning is regulated by the
nervous system so as to ensure its optimum perfor-
mance under different physiological circumstances. The
autonomic system plays a crucial role in the control of
cardiovascular homeostasis. During foetal period,
this autonomic regulation of the heart is undeveloped

Table 3.2 Functional differences in the neonatal and adult
cardiovascular parameters

Neonate Adult

Cardiac output HR dependent SV and HR

dependent
Compliance Less Normal
Starling response Limited Normal
Preload reserve Limited Normal
Afterload compensation ~ Limited Effective
Ventricular inter- High Relatively low
dependence
Myocardial metabolism Anaerobic Aerobic
Chief substrate Lactate Long chain

fatty acids
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INTRODUCTION

The most common critical incidents related to respi-
ratory system are seen in paediatric age group. There
are anatomical and physiological differences between
neonates, infants and child. Again they differ from adult
respiratory system. The knowledge about development
in respiratory system helps to provide appropriate
anaesthesia to paediatric group and to reduce compli-
cation rates. The chapter will provide appropriate
informations and also anaesthetic considerations in
detail.

Key Points

1. At birth, control of ventilation is immature. This maturity
occurs at 3 weeks of age in term baby.

2. Neonates and preterm babies are more prone for post
operative apnoea episodes. Risk of postoperative apnoea is
less after 1 month of age in term and 60 weeks PCA in preterm
babies.

3. In first few weeks, response to hypercapnia is blunted.

4. In hypoxia, neonate responds with hyperventilation followed
by apnoea. But the apnoeic response to hypoxia is suggestive
of respiratory muscle fatigue or upper airway obstruction.

Developmental Changes

Developmental changes in all systems should be so
sufficient to withstand drastic changes at the time of
birth. All systems adapt the changes from gestational
age and makes foetus to survive in external environment
too. Cardiorespiratory adaptation is one of the very
crucial adaptations. After the birth, within few minutes,
neuronal drive and respiratory muscles must replace
all liquid filled in lungs by sufficient amount of air.
Therefore, gas exchange will take place. This chapter
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will provide a clear view of developmental and relevant
aspects of respiratory systems and will also discuss
about anaesthetic considerations in detail.

DEVELOPMENT OF LUNGS

Development of lungs (Fig. 4.1) starts in prenatal period

and changes are as follows:!?

1. Embryonic phase: Groove in ventral foregut, endo-
derm surrounding mesenchymal tissue to form lung
buds.

. Pseudoglandular phase: [Till 17 weeks of gestation
(WOG)]—rapid budding of bronchi and lung
growth, preacinar branching is complete. During this
phase, any disturbance to free expansion leads to
hypoplasia as occurs with diaphragmatic hernia.

. Canalicular phase: (Till 24 WOG), development of res-
piratory bronchiole, and capillaries surrounding it.

. Terminal sac period: (After 24 WOG)—appearance
of clusters of air spaces (saccules), with thick and
irregular septa.

. (At 26-28 WOG) Capillary proliferation around
saccules. In premature infants, it may be seen earlier
at 24 WOG, hence they can survive in neonatal
intensive care.

. At 28 WOG: Thinning of saccular walls, lengthening
of saccules with additional generation.

. At32 WOG: Alveolar formation starts from saccules.
Most of alveolar formation occurs in 12-18 months
of postnatal life.

However, morphologic and physiologic development
of lungs continues during the first decade of life.
1. Lung volume in early postnatal period, is dispro-
portionately small compared to body size (Fig. 4.2).
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FRC further reduces 10-15% more in anaesthesia,
apnoea and paralysis. In awake patient, FRC is
maintained by sustained tonic activity of the
inspiratory muscles.

The closing capacity is more than the FRC in infants
and children leads to early airway closure.

Pulmonary diffusion in childhood is mainly affec-
ted by changes in surface area of alveolar capillary
membrane. Thickness of blood gas barrier for diffu-
sion declines in early gestational ages. Therefore,
alvoeloar arterial oxygen difference is higher in
term neonates and even higher in preterm.

Venous admixture is higher in infants than in adult.
It is at 10-20% of cardiac output. While in adult, it
is 2-5% of cardiac output.

In the newborn, blood oxygen affinity is extremely
high and P50 is low (18 to 19 mmHg), because 2,3-
DPG is low and foetal haemoglobin (HbF) reacts
poorly with 2,3-DPG. Oxygen delivery at the tissue
level is low despite high red blood cell mass and
haemoglobin level.

Inhalation of warm air with 50% humidity
maintains normal ciliary activity, whereas breathing
dry air for 3 hours results in a complete cessation
of mucus movement.
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atresia-kasai procedure, hepatic resection, splenectomy
Congenital anomalies, Wilms’ tumour and other abdominal
tumours

Anaesthesia for paediatric renal transplantation

Anaesthesia for robotic surgeries in paediatric patients

Anaesthesia for Plastic and Reconstructive 386
Surgery
Vibhavari Naik

General consideration

Cleft palate, lip and reconstruction

Syndactyly

Craniofacial surgery

Post burns reconstruction

Temporomandibular joint ankylosis
Anaesthesia for Paediatric Orthopaedic 399
and Spine Surgery

Amit Padvi, Deepa Kane, SK Srivastva

General considerations in paediatric orthopaedic surgery
Congenital malformations: Amniotic band constriction
(ABS), congenital talipes equinovarus and developmental
dysplasia of the hip: Open reduction of dislocated hip,
femoral osteotomy and pelvic osteotomy
Anaesthesia for scoliosis surgery

Anaesthesia for fractures in children

Fat embolism syndrome (FES)

Anaesthesia for Paediatric Ear, Nose and 408
Throat Surgery

Nirav Kotak

General anaesthetic considerations

Anaesthesia for adenotonsillectomy, bleeding tonsil
Special considerations in obstructive sleep apnoea
Anaesthesia for ear surgery like mastoidectomy,
tympanoplasty, myringotomy and grommet insertion,
myringoplasty
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Anaesthesia for cochlear implant surgery
Ludwig’s angina, oesophagoscopy and bronchoscopy
Microlaryngeal surgery

Anaesthesia for Paediatric Ophthalmic 420
Surgery

Namita Padvi, Amit Paadvi, Nitin Padvi

General consideration and associated syndromes,
occulocardiac reflex

Cataract

Squint

Blockage of punctum of nasolacrimal duct
Retinopathy of prematurity

Enucleation

Glaucoma

Vitrectomy

Anaesthesia for Paediatric Dentistry 429

Indrani Hemantkumar Chincoli

History
Perception of pain in children and surgical factors

Local anaesthesia, maxillary anaesthesia, complications of
local anaesthesia

Conscious sedation, deep or procedural sedation and
current sedation guidelines

Dental chair anaesthesia and complications like
hypoxaemia, arrhythmias, subcutaneous emphysema,
dislocation of femporo-mandibular joint, operating room
pollution and hyperthermia

Paediatric Burn Injury 440

Rochana G Bakhshi

Epidemiology
Initial management of paediatric burn injury
Fluid calculation in paediatric burns

Pathophysiology of burns in children: Airway problems, scalds
and inhalation injury

Chronic airway problems
Carbon monoxide poisoning

Pain management

Perioperative Management of Paediatric 450

Trauma Patient
Sandeep Sahu ., Prem Raj Singh, Indu Lata

Resuscitation of paediatric frauma
Organization of a frauma system
Rehabilitation

Damage conftrol resuscitation (DCR)
Special tfrauma situations

35.

36.

37.

38.

s

Anaesthesia for Procedures Outside the 460

Operating Theatre
Sona Dave

General consideration

Anaesthesia for MRI

Gastrointestinal endoscopies in paediatric patients
Interventional radiological procedures in paediatric patients
PET scan in paediatric patients

External beam radiation therapy (XRT)

Bone marrow aspiration and lumbar puncture

Office-based Paediatric Anaesthesia 472

Anita Malik, Namisha Malik

Guidelines for office-based anaesthesia

Preoperative fasting guidelines

Equipment and monitoring

Emergence agitation

Postoperative pain

Discharge criteria

Common procedures performed in office-based setup
Core principles for office-based surgery

Paediatric Intensive Care 481

Preetha Joshi, Vinay Joshi

Transportation and receiving

Emergence agitation and delirium
Vascular access and PICU procedures
Monitoring in the PICU

Fluid and electrolytes

Mechanical ventilation

Postoperative nausea and vomiting
Cardiac intensive care

Respiratory failure

Neurointensive care

Liver failure

Renal failure

Nutrition

Transfusion practices in the paediatric intensive care unit
Gl prophylaxis

Preventive practices and infection control

Anaesthesia for the Patient with a Genetic 497
Syndrome

Gayathri Bhat, Tushar Patel

General consideration and approach
Down syndrome (DS)

CHARGE syndrome

Cri du chat syndrome

Hurler’s syndrome

Treacher Collins syndrome (TCS)
Pierre Robin syndrome

Goldenhar syndrome
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Velocardiofacial syndrome

Epidermolysis bullosa

Williams syndrome

Wilson’s disease (WD)

Noonan syndrome

Arthrogryposis multiplex congenital (AMC)
Marfan syndrome

Klippel-Feil syndrome

39.

Hospital Acquired Infection in Operating 516
Theatre
Roopali Telang, Rahul Bhamkar

General considerations

Surgical site infections

Preventive strategies for surgical site infections
Prevention of infections in healthcare workers

SECTION 4: Special Considerations: Complications of Anaesthesia,
Medicolegal, Ethical Aspects of Paediatric Anaesthesia

Clinical Complications in Paediatric 527

Anaesthesia
Pradnya Bhalerao

Introduction

Respiratory events like laryngospasm, laryngeal oedema or
postextubation croup bronchospasm, respiratory depression
and hypoxaemia

Cardiovascular events like arrhythmias

Postoperative nausea and vomiting (PONV)
Thermoregulatory and metabolic events

Hypoglycaemia

Other complications like emergence delirium and
anaphylaxis

Evidence Based Paediatric Anaesthesia 536
Guidelines for Practice and Psychology,

Anxiety and Preoperative Preparation

Jayashree Sood , Deepanjali Pant, Archna Koul

Evidence based medicine (EBM)

Clinical guidelines

Purpose of guidelines

Guideline development process

Grading of evidence

Limitations of guidelines

Evidence based paediatric anaesthesia guidelines for
practice

Interpreting guidelines recommendations

Prerequisites for safe paediatric anaesthesia practice
Evidence based guideline for cuffed/non-cuffed ETT
Recent equipment developments in paediatric anaesthesia
Evidence based practice to reduce the risk of medication
errors

Evidence based guidelines to make paediatric anaesthesia
safe

Guidelines for placement of central venous catheter
Evidence based practice in postoperative and procedural
pain management

Guidelines for use of IV cannulae

Guidelines for the management of postoperative nausea
and vomiting

Index
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Psychology., anxiety, and preoperative preparation
Parental presence during induction of anaesthesia (PPIA)

Medicolegal and Ethical Aspects of 546

Paediatric Anaesthesia
Mahesh Baldwa, Sushila Baldwa, Varsha Gupta

Ethical aspects

Medical negligence and malpractice
Doctor-patient relationship

Medicolegal aspects of consent and risk explanation

Medicolegal Aspects of Record Keeping 552
and Operation Table Death during

Anaesthesia
Mahesh Baldwa, Sushila Baldwa, Varsha Gupta

Medical record keeping

Sudden operation table death during anaesthesia covering
resorting fo violence, extortion, defamation by patient party
Medicolegal aspects of difficult situations, declaration of
death and communication with patient party

Medicolegal aspects of vicarious liability

Medicolegal aspects of euthanasia, DNR, vegetative life and
active and passive withdrawal of life support systems
Medicolegal aspects of blood transfusion

Medicolegal aspects of operating theatre mishaps not
causing death

Medicolegal aspects of medical indemnity

Infection Control in Operating Room and 557
Safe Practice of Anaesthesia and Quality
Management

Harshwardhan A Tikle

Infection control policy

Current recommendations for operating room infection
control

Cleaning and sterilization of anaesthesia equipment
Properties of an ideal disinfectant

Factors affecting the efficacy of disinfection and
sterilization

The concept of team work

Communication with patients and relatives
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