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Preface

The seventh edition of Operative Pediatric Surgery has
been extensively updated and revised. It follows the well-
established format of previous editions with the focus
being on limited and concise text accompanying simple
clear black and white line drawings. We have attempted
to maintain the consistency of style and a high standard
of artwork which has characterised previous editions. All
the artwork has been done by a single group of medical
artists thereby maintaining a unified conformity for all the
operative drawing.

Each chapter commences with a short historical
review, followed by the principles and justification for the
procedure, preoperative investigations and preparation
and the operative procedure in well-defined stages from
incision, through the surgical details to wound closure. This
is followed by notes on postoperative care, complications
and outcome. Finally, there is a short list of recommended
further reading related to the actual operation.

A new departure, reflecting the advances in minimal
invasive surgery, is that, where relevant, each chapter
comprises the open alongside the laparoscopic/
thoracoscopic technique. Minimal invasive surgery offers
significant advantages in cosmesis, reduced postoperative
pain and shorter hospital stay which has obvious economic
implications. There are new sections on operating room
requirements for minimal invasive surgery and the
ergonomics of laparoscopic surgery.

Other new chapters include thyroidectomy, management
of varicocele, soft tissue and thoracic trauma, surgical
procedures for dialysis and exposure for spinal surgery.

We wish to thank all authors for their efforts at achieving
the highest standards with their contributions. They were
all selected for their established expertise and international
reputation in their particular field. We are confident that
they will be proud of being involved in this publication.

The textbook is aimed primarily at trainees in pediatric
surgery but provides a useful resource for established
surgeons when performing wide-ranging and uncommon
procedures. It is generally recognised as the operative
surgery manual of choice for pediatric surgeons around
the world and incorporates the varying practice of
surgeons in different countries by including urology,
myelomeningocele repair and transplantation.

We welcome the three new co-editors, Daniel
Teitelbaum, Agostino Pierro and Hock Tan.

Operative Pediatric Surgery uniquely compliments the
two volume textbook, Pediatric Surgery, also now in its
seventh edition, in covering the full range of neonatal and
general pediatric surgery.

Lewis Spitz and Arnold G Coran
January 2013



Preface from the sixth edition

This is the sixth edition of Operative Pediatric Surgery and
the second in which the two editors have collaborated. The
new edition encompasses all the major advances in the
specialty that have occurred in the past decade since the
previous edition was published in 1995.

The most noteworthy advance in pediatric surgery
has been the development of minimal invasive surgery,
which has the advantages, in addition to obvious cosmetic
superiority, of reduced postoperative pain, reduced
metabolic response to operative trauma, and significant
reduction of postoperative hospitalization. Numerous
new authors have been recruited to contribute to this
developing field of minimal invasive surgery.

Other new sections include congenital vascular
malformations, the Nuss procedure for pectus excavatum,
the Bianchi bowel-lengthening procedure, interventional
radiology, and bariatric surgery. We have omitted sections
that do not fall within the purview of the pediatric surgeon,
such as cleft lip and palate, protruding ears, and congenital
hand deformities.

We have retained the format of previous editions
of initial principles and justification for the procedure,
followed by preoperative investigations and preparation,
the operative procedure, and postoperative management.
All illustrations are simple black and white line drawings,
which have maintained the consistently high standard

demanded by Gillian Lee and her associates. A limited
number of recommendations for further reading are
included at the end of each chapter. These may not always
appear to be up to date, but have been included as the
operative technique may have remained unaltered over
the years.

We wish to thank all authors for their efforts at achieving
the highest standard of contribution. They were selected
because of their established expertise in their fields and
their international reputations, and we are grateful for
their time and patience. We are confident that they will be
pleased with and proud of the ultimate publication.

This textbook has succeeded in being generally accepted
as the operative manual of choice for pediatric surgeons
around the world and takes into account the varying
practices of pediatric surgery in different countries. The
previous edition completely sold out within a few years
of publication, and we are confident that this expanded,
up-to-date new volume will be as successful.

We trust that trainees as well as established pediatric
surgeons will find this textbook useful as a guide when
performing a wide range of procedures.

Lewis Spitz
Arnold G. Coran
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Preoperative and postoperative management of the

neonate and child

MATIAS BRUZONI and CRAIG T ALBANESE

INTRODUCTION

The physiology of the neonate, infant, child, and adolescent
differ significantly from each other and from the adult.
The most distinctive and rapidly changing physiologic
characteristics occur during the neonatal period. This is due
to the newborn infant’s adaptation from complete placental
support to the extrauterine environment, differences in
the physiologic maturity of individual neonates, the small
size of these patients, and the demands of growth and
development. Advances in neonatal care have resulted
in the survival of increasing numbers of extremely low
birth weight infants. Extreme prematurity magnifies
the already dynamic and relatively fragile physiology of
the newborn period, predisposing these tiny infants to
physiologic derangements in temperature regulation,
fluid and electrolyte homeostasis, glucose metabolism,
hematologic regulation, and immune function. In addition,
physiologic and anatomic organ system immaturity make
the preterm neonate vulnerable to specific problems such
as intraventricular hemorrhage, hyaline membrane disease,
and hyperbilirubinemia. From a surgical standpoint, these
dynamic and fragile physiologic parameters are often the
primary components that dictate the preoperative and
postoperative management of the pediatric surgical patient.
The first part of this chapter focuses on the physiology of
the neonate, followed by general considerations on the
perioperative care of the neonate, infant, and child.

LOW BIRTH WEIGHT INFANTS

Neonates may be classified according to their level of
maturation (gestational age) and development (weight).
This classification is important because the physiology
of neonates may vary significantly depending on these
parameters.

Under this classification system, a term, appropriate for
gestational age infant is born between 37 and 42 weeks of
gestation with a birth weight greater than 2500 g. However,
approximately 7 percent of all babies do not meet these
criteria. This may be due to prematurity or may be due to
intrauterine growth retardation. From a clinical standpoint,
neonates born under 2500 g are broadly classified as low
birth weight (LBW) infants. Further subclassification
into moderately low birth weight, very low birth weight,
and extremely low birth weight infants has been used for
epidemiologic and prognostic purposes (Table 1.1). Using
this terminology, low birth weight infants may be preterm
and appropriate for gestational age, term but small for
gestational age (SGA), or both. The following sections will
discuss several issues specific to the care of preterm and
SGA infants.

Table 1.1 Newborn weight classification.

Premature
births (%)
Low birth weight Birth weight <2500 g -
Moderately low birth weight Birth weight between 82%
2500 and 1501 g

Birth weight between 12%
1500 and 1001 g

Birth weight <1000 g 6%

Classification Birth weight

Very low birth weight

Extremely low birth weight

Preterm infant

By definition, preterm infants are born before 37 weeks’
gestation. They generally have body weights appropriate
for their age, though they may also be small for their
gestational age. If the gestational age is not accurately
known, the prematurity of an infant can be confirmed
by physical examination. The principal features of
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preterm infants are a head circumference below the 50th
percentile, thin, semi-transparent skin with an absence
of plantar creases, soft and malleable ears with poorly
developed cartilage, absence of breast buds, undescended
testes (testicular descent begins around the 32nd week
of gestation) with a flat scrotum in boys and relatively
enlarged labia minora and small labia majora in girls.

In addition to these physical characteristics, several
physiologic abnormalities exist in preterm infants.
These abnormalities are often a result of unfinished fetal
developmental tasks that normally enable an infant to
successfully transition from intrauterine to extrauterine
life. These tasks, which include renal, skin, pulmonary,
immunologic, gastrointestinal, and vascular maturation,
are usually completed during the final weeks of gestation.
The more premature the infant, the more fetal tasks are left
unfinished and the more vulnerable the infant to adverse
sequelae of an early birth.

This physiologic and anatomic vulnerability sets the
preterm infant up for several specific and clinically
significant problems:

e Central nervous system immaturity leading to episodes
of apnea and bradycardia and a weak suck reflex.

e Pulmonary immaturity leading to surfactant deficiency
which can result in hyaline membrane disease (HMD).

e Cerebrovascular immaturity leading to fragile,
unsupported cerebral vessels which lack the ability to
autoregulate. This predisposes the preterm infant to
intraventricular hemorrhage (IVH) — the most common
acute brain injury of the neonate.

e Skin immaturity leading to an underdeveloped stratum
corneum with significant transepithelial water loss
(TEWL). This complicates the thermal regulation and
fluid management of the infant.

e Gastrointestinal underdevelopment predisposing to
necrotizing enterocolitis.

e Impaired bilirubin metabolism
bilirubinemia.

e Cardiovascular immaturity leading to a patent ductus
arteriosus or patent foramen ovale. These retained
elements of the fetal circulation can cause persistent left-
to-right shunting, pulmonary hemorrhage and cardiac
failure.

e Immature immune system which predisposes to a higher
rate of infectious disorders in the preterm infant.

causing  hyper-

From a practical standpoint, the care of the preterm
infant must be directed at preventing and/or treating these
specific problems. Episodes of apnea and bradycardia
are common and may occur spontaneously or as non-
specific signs of problems, such as sepsis or hypothermia.
Prolonged apnea with significant hypoxemia leads to
bradycardia and ultimately to cardiac arrest. All preterm
infants should therefore undergo apnea monitoring and
electrocardiographic pulse monitoring, with the alarm set
at a minimum pulse rate of 90 beats per minute. In the
neonate with respiratory difficulties, chest radiography

will help to detect hyaline membrane disease and cardiac
failure. The lungs and retinas of preterm infants are very
susceptible to high oxygen levels, and even relatively
brief exposures may result in various degrees of hyaline
membrane disease and retinopathy of prematurity. Infants
receiving oxygen therefore require continuous pulse
oximetry monitoring, with the alarm set between 85
and 92 percent. The preterm infant may also be unable
to tolerate oral feeding because they have a weak suck
reflex, necessitating intragastric tube feeding or parenteral
nutrition. Finally, impaired bilirubin metabolism may
necessitate serum bilirubin monitoring and phototherapy
for rising levels of unconjugated bilirubin that can lead to
kernicterus.

Small for gestational age infant

Infants whose birth weight is below the tenth percentile are
considered to be small for gestational age. SGA newborns
are thought to be a product of restricted intrauterine
growth retardation (IUGR) due to placental, maternal,
or fetal abnormalities. Table 1.2 lists several conditions
which may lead to intrauterine growth retardation in the
neonate. However, it should be noted that not all infants
in this group are truly growth retarded and therefore at
higher risk. Some infants are simply born small as a result
of a variety of factors including race, ethnicity, sex, and
geography. It is important to differentiate these infants
from those whose relatively low birth weight is a result of a
genetic or an intrauterine abnormality.

Table 1.2 Common conditions associated with intrauterine
growth retardation.

Age at delivery Condition

Preterm Placental insufficiency

Discordant twin

Chronic maternal hypertension

Intrauterine infection

Toxemia

Term Congenital anomaly
Microcephaly

Post-term Placental insufficiency

The SGA infant can be divided into two broad categories:
the symmetric SGA infant and the asymmetric SGA
infant. This distinction is based primarily on when in
the gestational period fetal growth was restricted. If fetal
growth is restricted during the first half of pregnancy, when
cellular hyperplasia and differentiation lead to tissue and
organ formation, the neonate is generally a symmetric SGA
infant. Fetal factors, such as genetic dwarfism, chromosomal
abnormalities, congenital abnormalities, inborn errors of
metabolism, and fetal infection, as well as maternal factors
such as genetics, toxin ingestion, and substance abuse
are all causative etiologies. While only 30 percent of SGA
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infants fall into this group, they have the highest morbidity
and mortality rates. In contrast, asymmetric SGA infants
are those who experience restriction in intrauterine growth
during the last half of gestation, often during the third
trimester. This is usually due to an inadequate nutrient
supply. An example of this is twin gestations. Though both
infants may be full term at birth, they generally have a
low birth weight because placental function is inadequate
to meet the growth demands of both fetuses. Other
causes of asymmetric growth retardation include maternal
conditions that reduce uteroplacental blood flow, such as
hypertension, toxemia, cardiac disorders, and renovascular
disorders.

In general, SGA infants have a body weight that is low
for their gestational age, though their body length and
head circumference are appropriate. The SGA infant
is developmentally more mature than a preterm infant
of equivalent weight. They therefore face significantly
different physiologic problems. Because of the longer
gestational period and resultant well-developed organ
systems, the metabolic rate of the SGA infant is much
higher in proportion to body weight than a preterm infant
of similar overall weight. Fluid and caloric requirements
are therefore increased. Intrauterine malnutrition results
in a relative lack of body fat and decreased glycogen
stores. In fact, body fat levels in SGA infants are often
below 1 percent of their total body weight. This, coupled
with their relatively large surface area greatly predisposes
these infants to hypothermia and hypoglycemia. Close
monitoring of blood sugar level is therefore essential. In
addition, polycythemia is common in SGA infants due
to increased red blood cell volumes. Occurring in 15-40
percent of asymmetric SGA babies, polycythemia may
lead to the hyperviscosity syndrome characterized by
respiratory distress, tachycardia, pleural effusions, and the
risk of venous thrombosis. This may necessitate plasma
exchange transfusions, as well as frequent monitoring of
the infant’s hematocrit level. Lastly, fetal asphyxia and
distress due to inadequate placental support may lead to
passage of meconium in utero. This results in an increased
risk of meconium aspiration syndrome in SGA infants if
the material is aspirated during labor and delivery. The
perioperative management of these conditions will be
detailed in the sections below. While the SGA infant is at
a significant risk for morbidity and mortality associated
with these problems, their adequate length of gestation
puts them at a relatively lower risk for many of the
conditions that affect preterm infants such as retinopathy
of prematurity, intraventricular hemorrhage, and hyaline
membrane disease.

PHYSIOLOGIC CONSIDERATIONS IN THE
PERIOPERATIVE CARE OF THE NEONATE

As stated above, the dynamic physiologic changes that
occur during the neonatal period significantly influence

the perioperative care of the newborn surgical patient.
In particular, physiologic derangements in temperature
regulation, glucose metabolism, hematologic regulation,
immune function, and fluid and electrolyte homeostasis
often dictate perioperative management strategies.

Thermoregulation

Neonates are susceptible to heat loss because of their
large surface area, low body fat to body weight ratio,
and limited heat sink capacity due to their small size. In
addition, neonates have a relatively high thermoneutral
temperature zone. The optimal thermal environment
(thermoneutrality) is defined as a range of ambient
temperatures in which an infant, at a minimal metabolic
rate, can maintain a constant normal body temperature by
vasomotor control. The environmental temperature must
be maintained near the appropriate thermoneutral zone
for each individual. In adults, this critical temperature
range is 26-28°C, while in the term infant it is 32-34°C.
In the low birth weight infant, this critical range is even
higher at 34-35°C.

In the neonate, heat loss may occur by evaporation,
conduction, convection, and radiation. Evaporative heat
loss occurs as a result of transepithelial water loss and
depends on the gestational age of the infant, the relative
humidity, and other environmental conditions. In addition,
the presence of liquid in contact with an infant’s skin also
contributes to evaporative heat loss. Conductive heat loss
occurs when an infant’s skin is in contact with a solid
object of lower temperature, causing heat to flow from the
infant to the object at a rate dependent on the temperature
difference between the two, as well as the insulating
properties of the baby and the object. Similarly, convective
heat loss occurs when the ambient air temperature is less
than the infant’s skin temperature. Convective heat loss
depends on the temperature gradient between the infant’s
skin and the air, as well as the speed of the air current over
the infant. Lastly, radiant heat loss occurs via the passage
of infrared rays from the infant’s skin to a cooler surface,
such as the incubator or nursery wall. This type of heat loss
is often the most difficult to control.

THERMOGENESIS IN THE NEONATE

Neonates generate heat by increasing metabolic activity.
Unlike adults, neonates achieve this principally by non-
shivering thermogenesis using brown fat. This has practical
consequences because brown fat may be rendered inactive
by pressors or anesthetic and neuromuscular blocking
agents. Brown fat stores may also be depleted due to poor
nutritional intake, such as in an SGA infant. When an
infant is exposed to cold, metabolic work increases above
basal levels and calories are consumed to maintain body
temperature. If prolonged, this depletes the limited energy
reserves of the neonate and predisposes to hypothermia
and increased mortality.
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Practical considerations

The environmental temperature of the neonate is best
controlled in an incubator by monitoring the ambient
temperature and maintaining it at thermoneutrality.
Inside the incubator, clothing on the infant can increase
insulation, reducing radiant and convective heat loss. In
particular, covering the head with an insulated hat can
reduce heat loss and total metabolic activity during cold
stress by up to 15 percent. Similarly, conductive heat
loss is minimized by the use of insulating padding. The
incubators themselves are plastic walled containers that
warm the infant by convection. The air in the incubator is
heated by a heating element and then circulated by a fan. A
servo system regulates incubator temperature according to
the patient’s skin temperature monitored by a skin probe.
In this manner, the infant’s skin temperature is maintained
at a relatively constant value. Double-walled incubators
minimize radiant heat loss by maintaining the inner
wall of the incubator at the same temperature as the air
temperature inside the incubator. Finally, humidity can be
provided to the incubator environment, thereby reducing
evaporative heat loss.

Optimal air temperatures for individual infants vary
with the gestational age and condition of the infant,
as well as with specific environmental factors, such as
humidity and airflow. Standard nomograms are available
that aid in determining the appropriate incubator
temperature necessary to achieve thermoneutrality. Term
infants usually require the incubator air temperature
to be 32-34°C. Low birth weight infants may require
temperatures at or above 35°C.

In contrast to incubators, radiant warmers provide open
access and visibility to the infants. They are often used for
surgical patients in whom frequent access to the patient
and tubes/lines is necessary. Radiant warmers generate
heat by means of an overhead panel that produces heat
in the infrared range. However, their side rails are only
minimally protective against convective heat loss and
often lead to higher evaporative water and heat losses. This
evaporative heat loss may be reduced by plastic sheets.

The feedback mechanisms of both incubators and
radiant warmers are used to maintain an infant’s skin
temperature in the normal range. The normal skin
temperature for a term infant is 36.2°C and for a low birth
weight infant is 36.5°C. Increased metabolic activity can
be detected by comparing skin and rectal temperatures,
which normally differ by 1.5°C. A decreasing skin
temperature with a constant rectal temperature suggests
that the metabolic rate has increased to maintain the core
temperature.

In a cold environment, such as the operating room or
radiology suite, heat loss may be reduced by wrapping
the head, extremities, and as much of the trunk as
possible in clothing, plastic sheets, or aluminum foil. A
variety of warming ‘blankets’ is available. A plastic sheet
placed beneath the infant decreases the humidity of the

microenvironment between it and the sheet. After draping,
the infant is covered by a large adhesive plastic sheet which
diminishes evaporative heat and water loss and prevents
the infant from becoming wet during the operation. Any
exposed intestine (e.g. gastroschisis) should be wrapped
in plastic. An overhead infrared heating lamp should be
focused on the infant during induction of anesthesia,
preparation for operation, and at the termination of the
operation. Solutions used for skin cleansing, as well as
intracorporeal irrigation, should be warmed.

Glucose homeostasis

The fetus receives glucose from its mother by facilitated
placental diffusion; very little is derived from fetal
gluconeogenesis. The limited liver glycogen stores
accumulated during the later stages of gestation are rapidly
depleted within 2—-3 hours after birth. The blood glucose
level of the infant then depends on the neonate’s capacity
for gluconeogenesis, the adequacy of substrate stores, and
the energy requirements of the infant. Of note, the neonate’s
ability to synthesize glucose from fat or protein substrates
is severely limited, necessitating the intake of exogenous
carbohydrates to maintain adequate blood glucose levels.

HYPOGLYCEMIA

The risk of developing hypoglycemia is high in low birth
weight infants (especially SGA infants), those born to
toxemic or diabetic mothers, and those requiring surgery
who are unable to take oral nutrition and who have the
additional metabolic stresses of their disease and the
surgical procedure. The clinical features of hypoglycemia
are non-specific and include a weak or high-pitched
cry, cyanosis, apnea, jitteriness or trembling, apathy,
and seizures. The differential diagnosis includes other
metabolic disturbances or sepsis. Over 50 percent of
infants with symptomatic hypoglycemia suffer significant
neurologic damage. Neonatal hypoglycemia is defined
as a serum glucose level less than 30 mg/dL in the full-
term infant and less than 20 mg/dL in the low birth
weight infant. However, neurologic abnormalities have
been reported with higher blood glucose levels. Older
children, particularly those with depleted stores and severe
metabolic demands, are also at risk of hypoglycemia.

Practical considerations

All pediatric surgical patients, particularly neonates,
are monitored for hypoglycemia. To avoid delay, blood
glucose levels can be rapidly determined in the neonatal
unit using blood glucose reagent strips. This may be
correlated at intervals with serum glucose determinations,
the frequency depending on the stability of the patient. Any
intravenous fluids administered should contain at least
10 percent dextrose, and ready-made bags of parenteral
nutrition should be initiated within the first few hours of
life. If non-dextrose-containing solutions, such as blood
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or plasma, are being administered, close monitoring of
the blood glucose level is essential. Hypoglycemia should
be treated urgently with intravenous 50 percent dextrose,
1-2 mL/kg, and maintenance intravenous dextrose, 10-15
percent, 80-100 mL/kg for each 24 hours.

HYPERGLYCEMIA

Hyperglycemia is commonly a problem of very low birth
weight infants on parenteral nutritional support since they
have a low insulin response to glucose. Hyperglycemia
may lead to intraventricular hemorrhage and renal
water and electrolyte loss from glycosuria. Prevention of
hyperglycemia is by small and gradual incremental changes
in the glucose concentration and infusion rate.

Hematologic considerations

Total blood, plasma, and red cell volumes are higher
during the first few hours after birth than at any other time
in an individual’s life. The levels may be further increased
if a significant placental transfusion takes place at delivery
(delayed umbilical cord clamping). Several hours after
birth, plasma shifts out of the circulation and total blood
and plasma volumes decrease. The high red blood cell
volume persists, decreasing slowly to reach adult levels
by the third postnatal month. Age-related estimations of
blood volume are summarized in Table 1.3.

Table 1.3 Estimation of blood volume.

Age Blood volume (mL/kg)
Preterm infants 85-100

Term infants 85

1-3 months 75

3 months to adult 70

POLYCYTHEMIA

In addition to SGA infants, neonatal polycythemia occurs
in infants of diabetic mothers and infants of mothers
with toxemia of pregnancy. In the neonate, polycythemia
is defined as a central venous hematocrit greater than
65 percent or a hemoglobin level greater than 22 g/dL.
Values at or above this threshold may be associated with
high blood viscosity which is further increased by a fall in
body temperature. Partial exchange transfusion may be
indicated since hyperviscosity may be an etiologic factor
for several disorders including central nervous system
dysfunction or necrotizing enterocolitis.

ANEMIA

In the neonate, anemia is generally due to hemolysis, blood
loss, or decreased erythrocyte production. Hemolytic
anemia in the newborn is most often caused by placental
transfer of maternal antibodies that destroy the infant’s
erythrocytes. Significant hemolytic anemia is most
commonly due to Rh incompatibility producing jaundice,

pallor, hepatosplenomegaly, and in severe cases, hydrops
fetalis. In addition, congenital infections, inherited
hemoglobinopathies, and thalassemias may all manifest as
hemolytic anemia in the newborn period. In severe cases,
these conditions may require exchange transfusions.

In addition to hemolysis, severe anemia in the neonate
may be secondary to acute hemorrhage. This can occur
as a result of placental abruption or in utero bleeding
into the intraventricular, intra-abdominal, subgaleal, or
mediastinal spaces. Twin—twin transfusion syndrome may
also result in severe anemia in the ‘donor’ co-twin. Lastly,
anemia of prematurity due to decreased red blood cell
production is another cause of significant neonatal anemia.
This occurs in preterm infants born before a gestational
age of 30-34 weeks, before erythropoietin release by the
kidneys has occurred.

HEMOGLOBIN

Infant erythopoiesis does not occur until approximately two
to three months of age. Until that time, fetal hemoglobin
represents the vast majority of circulating hemoglobin in
the neonate. In fact, approximately 80 percent of an infant’s
circulating hemoglobin is fetal at birth. This is significant
in that the high proportion of fetal to adult hemoglobin
in the neonate shifts their hemoglobin dissociation curve
to the left. Since fetal hemoglobin has a higher affinity
for retaining oxygen, lower peripheral oxygen levels are
needed to release and deliver oxygen from fetal blood to
the receiving end tissues. Thus, a high oxygen saturation
percentage reading on a transcutaneous pulse oximeter may
be associated with a relatively low blood pO, measurement.
As fetal hemoglobin is broken down, a ‘physiologic’ anemia
results with a nadir at about two to three months of age.

COAGULOPATHY

The routine administration of vitamin K to all neonates to
prevent hypoprothrombinemia and hemorrhagic disease
is established practice. This may be overlooked during
the activities attendant on major congenital anomalies
or conditions requiring urgent surgical evaluation. When
in doubt, 1 mg of vitamin K should be administered by
intramuscular or intravenous injection.

JAUNDICE

Heme pigments, notably hemoglobin, are catabolized in
the spleen and liver to produce bilirubin. The bilirubin
is conjugated with glucuronic acid in the liver, forming
a water-soluble substance which is excreted via the
biliary system into the intestine. In the fetus, the lipid-
soluble, unconjugated (indirect) bilirubin is cleared across
the placenta. In the fetal intestine beta-glucuronidase
hydrolases conjugate bilirubin, which is then reabsorbed
for transplacental clearance. Circulating unconjugated
bilirubin is bound to albumin.

The neonate’s capacity for conjugating bilirubin is not
fully developed and may be exceeded by the bilirubin load,
resulting in transient physiologic jaundice which reaches a
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maximum at the age of 4 days, but returns to normal levels by
the sixth day. Usually, the maximum bilirubin level does not
exceed 10 mg/dL. Physiologic jaundice is particularly likely
to occur in SGA and preterm infants in whom a higher and
more prolonged hyperbilirubinemia may be encountered.
High serum levels of unconjugated bilirubin may cross
the immature blood-brain barrier in the neonate and can
act as a neural poison leading to kernicterus. This condition,
in its most severe form, is characterized by athetoid cerebral
palsy and sensorineural hearing loss. Predisposing factors are
hypoalbuminemia, acidosis, cold stress, Rh incompatibility,
hypoglycemia, caloric deprivation, hypoxemia, and
competition for bilirubin-binding sites by drugs (e.g.
furosemide, digoxin, and gentamicin) or free acids.

Practical considerations

Clinical jaundice is apparent at serum bilirubin levels
greater than 5 mg/dL. A rapid rise early in the neonatal
period suggests hemolysis, secondary to inherited
enzyme defects or to maternal-neonatal blood group
incompatibilities. Prolonged (greater than 2 weeks
postnatal) hyperbilirubinemia is often associated with an
increase in conjugated bilirubin due to biliary obstruction
or hepatocellular dysfunction. Breast milk jaundice
commonly appears between 1 and 8 weeks of age. Mild
indirect hyperbilirubinemia occurs with pyloric stenosis
and quickly disappears after pyloromyotomy. Intestinal
obstruction can intensify jaundice by increasing the
enterohepatic circulation of bilirubin. Birth trauma with
bleeding (e.g. caput medusae) can lead to jaundice as the
blood is reabsorbed and hemolysed. Finally, jaundice is an
early and important sign of septicemia.

If hemolysis is suspected, serial hematocrit estimations,
reticulocyte counts, peripheral blood smears, and a
Coomb’s test are appropriate. Evaluation of neonatal
sepsis includes hematocrit, white blood cell count and
differential platelet count, chest radiography and cultures
of blood, urine, and cerebrospinal fluid.

Phototherapy is widely used prophylactically in high-
risk neonates to decrease the serum bilirubin levels by
photodegradation of bilirubin in the skin to water-soluble
products. It is continued until the total serum bilirubin
level is less than 10 mg/dL and falling. The timing of
phototherapy is based on the level of indirect bilirubin and
the weight of the patient. Exchange transfusion is usually
indicated if the indirect bilirubin level exceeds 25 mg/dL.
The precise indications vary according to the individual
patient, and in very low birth weight infants exchange
transfusion is indicated at much lower serum bilirubin
levels. Factors increasing the risk of kernicterus also
influence the indications for exchange transfusion.

Immune function

As a group, neonates are particularly vulnerable to bacterial
infections during the first 4 weeks of life. This may be due

to maternal factors, as well as intrinsic deficiencies in
their host defense system. Maternal factors independently
associated with a higher incidence of neonatal sepsis include
premature onset of labor, prolonged rupture of membranes
(greater than 24 hours), chorioamnionitis, colonization of
the genital tract with pathogenic bacteria such as group B
Streptococci, and urinary tract infection. Neonatal factors
include a diminished neutrophil storage pool, abnormal
neutrophil and monocyte chemotaxis, decreased cytokine
and complement production and diminished levels of
type-specific immunoglobulins, including IgG, secretory
IgA, and IgM. Overall, these factors lead to a significantly
impaired host defense mechanism in the neonate with
compromised anatomical barriers. These deficiencies are
more severe in low birth weight infants.

Practical considerations

The impaired immune function and compromised
anatomical barriers of neonates may contribute to
postoperative infection. Specifically, wound infections,
as well as infections precipitated by indwelling catheters
may complicate the perioperative course of the neonate.
For this reason, many surgeons advocate the use of
prophylactic, broad-spectrum antimicrobials in neonatal
surgical patients. While this practice may be common, it
should be noted that the specific antibiotics used, as well
as the duration of antibiotic therapy, are very site- and
surgeon-specific parameters. At this time, there are no
conclusive studies supporting the use of any particular
regimen. Therefore, the prophylactic use of antibiotics in
these patients must be determined on a case-by-case and
surgeon-by-surgeon basis.

Fluid and electrolyte homeostasis

TOTAL BODY WATER

In the fetus, total body water (TBW) constitutes 94 percent
of the body weight during early gestation. As the fetus
grows, this percentage progressively diminishes to a value
of 78 percent at term. This then decreases further by
approximately 3-5 percent during the first 5 days of life,
eventually reaching adult levels by nine months to one year
of age. In addition to total body water, extracellular water
(ECW) also declines until one to three years of age. In the
term infant, ECW is often 40 percent of birth weight at
5 days. By three months of age, this value decreases to 33
percent, stabilizing at adult values of 2025 percent by one to
three years of age. Conversely, fetal intracellular water (ICW)
slowly increases during gestation and the neonatal period. At
20 weeks’ gestation, ICW is around 25 percent. This increases
to 33 percent at the time of birth, finally reaching adult levels
around 44 percent by three months of age.

The neonate must complete these water redistribution
tasks to effectively transition from the intrauterine to the
extrauterine environment. Under normal conditions, these
changes in fetal body water progress in an orderly fashion
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in utero and after birth. If this process is interrupted by
premature birth or intrauterine growth retardation, specific
tasks may be left uncompleted predisposing the infant to
increased risk for developing serious complications, such
as patent ductus arteriosus and congestive heart failure.

RENAL FUNCTION

Compared to adults, the newborn infant has a relatively low
renal blood flow and plasma flow and a high renovascular
resistance. In fact, only 6 percent of the newborn’s cardiac
output is directed to the kidneys. This is in contrast to
the 25 percent of cardiac output in adults. Overall, these
factors lead to a relatively decreased glomerular filtration
rate (GFR) in neonates. In term infants, the GFR rises
rapidly during the first three months of life, nearing adult
levels by 12-24 months of age. In premature infants, this
process is delayed and GFR may lag behind the term infant.
In addition to GFR, the concentration capacity of the
neonatal kidney is significantly lower than that of the adult
kidney. While the adult kidney can concentrate urine up to
1200 mOsm/kg, the neonatal kidney is only able to achieve
500-600 mOsm/kg. Furthermore, newborn renal tubules
are relatively insensitive to the effects of antidiuretic
hormone (ADH) and aldosterone, compared to adults.
These blunted responses are magnified in preterm infants.
In addition, preterm infants are at a significant risk for salt
wasting. This may lead to further growth retardation, as
sodium appears to be a permissive factor for growth.

PRACTICAL CONSIDERATIONS FOR FLUID MANAGEMENT
Calculating maintenance needs

The neonate’s basic maintenance requirement for water is the
volume required for growth, renal excretion (renal water),
and replacing losses from the skin, lungs, and stool. Stool
water loss has been estimated at 5-10 mL per 420 ] expended,
the lower figure applying to those patients not being fed.
In the surgical patient with postoperative ileus, stool water
loss is usually insignificant. Growth is inhibited during
periods of severe stress and is also not a major factor under
these conditions. The basal fluid maintenance requirement
is therefore renal water plus insensible loss. Requirements
during the first day of life are unique because of the greatly
expanded extracellular fluid volume in the neonate, which
decreases after 24 hours. In addition, neonates with intestinal
obstruction are not hypovolemic as a result of intrauterine
adjustments across the placenta. During these first 24 hours,
basic maintenance fluid should not exceed 90 mL/kg in
preterm infants weighing less than 1000 g or less than 32
weeks’ gestational age. In larger infants, maintenance fluid
rates should not exceed 75 mL/kg.

The basic electrolyte and energy requirements are
provided by NaCl (2-5 mEq/kg per day) in 5-10 percent
dextrose with the addition of potassium (2-3 mEq/kg per
day) once urine production has been established. Calcium
gluconate (1-2 g/L fluid) may be added, especially in
preterm infants.

RENAL WATER

The volume of water required for excretion by the kidney
depends on the renal solute load and the child’s renal
concentrating ability. The solute load that the kidneys must
excrete is derived from the endogenous tissue catabolism
and exogenous protein and electrolyte intake. The osmolar
load is thus reduced by growth and increased by tissue
necrosis and high osmolar feeds/infusions. The volume of
fluid administered should be sufficient to allow excretion of
the solute load at an isotonic urine osmolality 0of 280 mOsm/
dL. It is important to understand that there is no ‘normal’
urine output for neonates due to the fact that the osmolar
load is highly variable in newborns. The calculated ideal
urine output, representing the renal water required to
excrete an osmolar load, is also therefore variable.

INSENSIBLE LOSSES

Invisible continuing loss of water occurs from the lungs
(respiratory water loss, RWL) and through the skin
(transepithelial water loss), and constitutes the insensible
water loss (IWL). RWL accounts for approximately one-
third of IWL in infants older than 32 weeks’ gestation
and is approximately 5 mL/kg body weight per 24 hours
at a relative humidity of 50 percent. Transepithelial water
loss for a full-term infant in a thermoneutral environment
is approximately 7 mL/kg per 24 hours. The insensible
water loss for a full-term infant in the thermoneutral
environment at 50 percent humidity is therefore 12 mL/
kg per 24 hours.

The main factors that affect IWL are the gestational age
of the infant and the relative humidity of the environment.
For infants 25-27 weeks’ gestation, TEWL has been
estimated at 128 mL/kg per 24 hours at 50 percent relative
humidity. The relative humidity has a marked inverse
effect on TEWL, which decreases to almost zero as the
relative humidity approaches 100 percent. Plastic sheets
may be used to increase the relative humidity around the
infant and reduce TEWL by 50-70 percent. Conversely,
radiant warmers and phototherapy increase IWL. This loss
is magnified in the preterm infant.

MANAGEMENT PROGRAM

The most commonly used method of calculating fluid
requirements is based on body weight. However, because of
the many factors affecting maintenance requirements, there
is no close or constant relationship between body weight and
fluid and electrolyte needs. Thus, many surgeons advocate
the use of a dynamic approach to fluid management. Such
approaches generally begin with the administration of
an initial fluid volume that is safe for the patient’s status.
This initial volume is essentially a ‘best guess’ volume. The
effects of this volume on the patient’s physiology are then
monitored and appropriate changes are made.

CALCULATION OF ADDITIONAL LOSSES

External losses from stomas, fistulas, and drainage tubes are
directly measured and replaced volume for volume with an
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appropriate electrolyte solution. In neonates, it is wise to
measure the electrolytes in the fluid to guide replacement
more accurately. Protein-rich losses (e.g. pleural fluid from
chest tubes) can be replaced with 5-25 percent albumin
solutions. Internal losses into body cavities or tissues
(third space losses) cannot be measured, and adequate
replacement of these losses depends on careful monitoring
of the patient’s response to fluid therapy.

CONSIDERING PRE-EXISTING FLUID DEFICITS OR EXCESSES

In addition to addressing maintenance requirements and
additional losses, the fluid management of the neonate
should include an assessment of any pre-existing fluid
deficits or excesses. Pre-existing deficits may be due to
in utero or intrapartum hemorrhage, as well as third
space losses. Pre-existing excesses may be secondary to
prematurity leading to a high total body water content.
In all of these cases, the pre-existing condition should be
considered when determining a fluid management plan.

MONITORING THE FLUID AND ELECTROLYTE PROGRAM

Once a fluid and electrolyte management program has
been initiated, proper monitoring must occur to identify
the newborn’s response. In this manner, therapy may be
adjusted dynamically to meet the specific needs of each
neonate. The newborn’s response to a fluid and electrolyte
program may be monitored by the clinical examination,
body weight measurements, and urine volume and
composition measurements.

Clinical features

Severe isotonic and hypovolemic dehydration results in
poor capillary filling and collapse of peripheral veins.
The skin is cool and mottled, with reduced turgor; the
mucous membranes are dry and the anterior fontanelle is
sunken. These findings occur with 10 percent body fluid
losses in an infant of more than 28 days of age and with
15 percent losses in a neonate. Hypertonic dehydration
is more difficult to detect clinically because the decrease
in circulating blood volume is considerably less than the
total loss of body fluids. Signs of shock occur late and
central nervous system signs, such as lethargy, stupor, and
seizures, predominate.

BODY WEIGHT

Serial measurements of body weight are a useful guide
to total body water in the neonate. Fluctuations over a
24-hour period are primarily related to loss or gain of fluid,
1 g body weight being approximately equal to 1 mL water.
Errors will occur if changes in clothing, dressings, tubes,
and standard intravenous boards are not accounted for,
and if weighing scales are not regularly calibrated.

URINE VOLUME AND COMPOSITION

If the volume of fluid administered is inadequate, urine
volume falls and its concentration increases. If excess
fluid is administered, the opposite occurs. The authors

aim to achieve a urine output which will maintain a urine
osmolality of approximately 280 mOsmol/dL. In neonates,
this usually results in a urine output of 2 mL/kg per hour.
For infants and older children, hydration is adequate if the
urine output is 1-2 mL/kg per hour with an osmolality of
280-300 mOsmol/kg. Serial hematocrit changes, in the
absence of hemolysis or bleeding, also suggest a loss or gain
of plasma water.

When the osmolar load is large, for example with
extensive tissue destruction or with infusion of high osmolar
solutions, urine flow may have to be increased to provide
adequate renal clearance. Accurate measurements of urine
flow and concentration are fundamental to the management
of critically ill infants and children. In this situation, the
insertion of an indwelling urinary catheter is reccommended.

The specific gravity of the urine is a reliable indicator of
hypertonicity (>1.012 specific gravity) and hypotonicity
(<1.008 specific gravity), but is unreliable if urine is in
the isotonic range (1.009-1.011 specific gravity). When
fluid monitoring is critical, urine osmolality estimations
provide more precise information than specific gravity.
An increase in osmolality suggests that too little water or
too much electrolyte has been given. A fall in osmolality
suggests that sodium replacement is inadequate or that too
much water has been administered. An unexpected change
in osmolality, particularly an increase, requires immediate
determination of serum levels of electrolytes, blood urea
nitrogen, and glucose values, and a calculation of the
osmolality. Serum osmolality can be measured directly or
calculated by the formula:

Osmolality = serum sodium X 1.86
blood urea nitrogen glucose
2.8 18

+5

From this, it is possible to determine whether the rise
in osmolality is due to an increase in serum sodium,
the development of hyperglycemia or high blood urea
nitrogen. Occasionally, the measured serum osmolality
is higher than the calculated osmolality. This suggests
that the increase in serum osmolality is due to some
unidentified osmolar active substance, such as a metabolic
byproduct resulting from sepsis, shock, or radio-opaque
contrast material.

A rising blood urea nitrogen level and falling urine
output may be due to acute renal failure or prerenal
oliguria with azotemia resulting from hypovolemia. The
distinction between these two states is important for
appropriate treatment. Initially, the response to a fluid
challenge of 20 mL/kg 5 percent dextrose and sodium
chloride over 1 hour is monitored. If oliguria persists, the
sodium, creatinine and osmolality levels in both the blood
and urine are determined. The fractional excretion of
sodium (Fe ) is calculated using the formula:

urine Na/serum Na
Fey,=— — — x 100
urine creatinine/serum creatinine
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A normal Fe is 2-3 percent. A value below 2 percent
implies prerenal azotemia and a value above 3 percent
implies renal failure.

Calcium and magnesium homeostasis

In addition to fluid and sodium management, calcium
and magnesium homeostasis are clinically significant
challenges in the newborn surgical patient. The fetus
receives calcium by active transport across the placenta,
75 percent of the total requirement being transferred
after the 18th week of gestation. Hypocalcemia, defined
as aserum level of ionized calcium below 1.0 mg/100 mL,
is most likely to occur 24-48 hours after birth. Causes
include decreased calcium stores, decreased renal
phosphate excretion, and relative hypoparathyroidism
secondary to suppression by high fetal calcium levels.
Low birth weight infants are at a great risk (particularly
if they are preterm), as are those born of a complicated
pregnancy or delivery (e.g. diabetic mother), or those
receiving bicarbonate infusions. Exchange transfusions
or the rapid administration of citrated blood may also
lead to hypocalcemia. The symptoms of hypocalcemia
are non-specific and include jitteriness, high-pitched
crying, cyanosis, vomiting, twitching, and seizures.
Diagnosis is confirmed by determining the serum
calcium level. However, the ionized fraction of the serum
calcium may be low, resulting in clinical hypocalcemia
without a great reduction in total serum calcium.
Therefore, evaluation of the serum ionized calcium level
is often useful.

Practical considerations

Hypocalcemia is prevented by adding calcium gluconate
to daily maintenance therapy, 1-2g per 24 hours
intravenously or 2 g per 24 hours by mouth. Symptomatic
hypocalcemia is treated by intravenous administration of
10 percent calcium gluconate in a dose of 1-2 mL/kg over
10 minutes; the rate should not exceed 1 mL/min.

Infants at high risk for hypocalcemia are also at risk
for hypomagnesemia. In fact, the two conditions may
coexist. If there is no response to attempted correction of a
documented calcium deficiency, hypomagnesemia should
be suspected and serum magnesium levels measured.
Hypomagnesemia is corrected by administering 50 percent
magnesium sulfate, 0.2 mEq/kgevery 6 hoursintravenously,
followed by oral magnesium sulfate 30 mEq/day.

Although most seizures that occur in the neonatal
period have a cerebral cause and are not secondary to
hypoglycemia or hypocalcemia, hypocalcemia should be
suspected in high-risk infants, particularly after surgery.
Immediate blood glucose determination and serum glucose
and calcium measurements should therefore be performed
in a fittery’ neonate. Treatment should be prompt, with
intravenous glucose when hypoglycemia is suspected,
followed by intravenous calcium if symptoms persist.

GENERAL CONSIDERATIONS IN THE
PERIOPERATIVE CARE OF THE NEONATE
AND CHILD

Preoperative care

The goals of appropriate preoperative care include:

1. Identifying and optimizing potential coexisting diseases

2. Preparing the patient and the family for the specific
operation

3. Adequate patient identification: ‘The time out’.

IDENTIFYING AND OPTIMIZING COEXISTING DISEASES

In a study performed on more than 90 000 pediatric
non-cardiac and cardiac anesthesia cases, the incidence
of perioperative cardiac arrest attributable to anesthesia
was 0.65 per 10 000 anesthetics, suggesting that the large
majority of perioperative cardiac arrests in children are
caused by factors not related to anesthetic management.
However, the preoperative evaluation performed by
the anesthesia team is essential in identifying potential
perioperative complications since neonates and infants
continue to be at the highest risk for perioperative cardiac
arrest and death during procedures requiring general
anesthesia.

PREPARING THE PATIENT AND THE FAMILY FOR THE
SPECIFIC PROCEDURE

Informed consent and family counseling

The American College of Surgeons has provided guidelines
on the content of the information to be provided to patients
to meet informed consent requirements. However, existing
guidelines, although adequate for most adult patients, may
not always satisfy the needs of the pediatric patient since
by definition they lack decision-making capacity. The
parents of the child can give informed ‘permission’ for
the procedure, but it is very difficult to assess whether the
child’s best interests are being represented. Nevertheless,
it is sufficient for ethical and legal purposes. The
pediatric surgeon should spend quality time performing
the informed consent because it helps gain the parent’s
trust and promotes a rewarding physician—patient/family
relationship.
Informed consent should disclose, at the minimum:

e the surgeon’s understanding of the problem;

e further measures to be taken to clarify the diagnosis, if
indicated;

o the indication for emergency operation;

e a brief description of the procedure;

e alternatives to treatment, including the option to
do nothing;

e the surgeon’s recommendation as to the best alternative;

e the benefits and risks of the proposed operation,
compared with alternatives;

e the anticipated outcome.
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Surgical procedures instill a fair amount of preoperative
fear for pediatric patients and their families. Separation
anxiety, pain, disfigurement, loss of loved ones, and loss
of control or autonomy all happen as the child is taken
away from their parents and into the operating room. As a
result, after undergoing surgery, children can feel betrayed
by those whom they believed should protect them (e.g.
parents). The entire health-care team is part of the surgical
experience and should anticipate preoperative anxiety in
both children and families since these factors may result
in an overall negative surgical experience. Preoperative
anxiety has been shown to delay the induction of anesthesia
and provoke the release of stress hormones, which can
hinder recovery.

The success of perioperative preparation programs
in decreasing children’s and families’ anxiety, and in
assisting families to deal with the stress of surgery has
been widely documented. Child life services provide most
of the preparation tools. A few examples include tours of
the places they will see during the day of surgery, films
about surgery or anesthesia, puppet shows, medical play,
and photographs of previous children’s experience. The
anesthesia and preoperative team can also assist by the
administration of anxiolytic medications.

Preoperative nil per os guidelines

NPO (nil per os) is the directive given to patients and
their families concerning the timing of the fasting period
before surgery. The preoperative fast is an attempt to avoid
regurgitation and possibly aspiration of particulate matter
and liquid from the child’s stomach during induction of
anesthesia. Each institution has its own NPO guidelines,
however most will agree to a minimum of 6 hours of NPO
for milk, formula, citrus juice, and solids; 4 hours for
breast milk; and 2 hours for clear liquids.

‘THE TIME OUT'

Adult data suggest that at least half of all surgical
complications are avoidable. In 2008, the World Health
Organization (WHO) published guidelines identifying
multiple recommended practices to ensure the safety of
surgical patients worldwide. Using these guidelines as
a reference, the Safe Surgery Saves Lives Study Group
implemented a prospective 19-point checklist and showed
that the rate of any complication at all sites significantly
decreased from 11 to 7 percent. A standard surgical
checKklist verifies the patient’s identity, surgical site mark,
introduction of all team members by name and role, review
of the need for preoperative antibiotics and/or blood
products, highlighting significant concerns or previous
adverse reactions/allergies (including latex sensitization),
need for any special equipment, and matching the
operative procedure with the informed consent. The use
of a preoperative checklist involves a radical change in
the behavior of surgical teams since it introduces formal
pauses in the usual flow of the operating room, as well
as the implementation of briefings and postoperative

debriefings. However, it sets a new bar in the care of
surgical patients, and has the potential to prevent a large
number of disabling complications and deaths in the
perioperative period.

Monitoring

Due to the dynamic physiology of the neonatal period,
most newborn surgical patients should be monitored
postoperatively in the neonatal unit. In addition to
providing continuous oxygen saturation readings,
transcutaneous pulse oximetry is useful for monitoring
episodes of apnea and bradycardia which can be common
in the preterm infant. Transcutaneous CO, monitoring is
gaining popularity for those on mechanical ventilators — it
provides accurate trending data. Accurate monitoring of
fluid status often requires an indwelling urinary catheter
and frequent laboratory evaluations.

Invasive monitoring and access in the newborn can be
achieved through the umbilical vessels, as they are relatively
accessible in the first 24 hours of life in this population.
Specifically, umbilical catheters provide quick central
venous access and arterial pressure monitoring. A 3.5-Fr
catheter is required for infants less than 1500 g, while
infants 1500-3500 g can accommodate a 5-Fr catheter.

Nutrition

In pediatric surgical patients, proper nutrition must be
delivered to meet their relatively large energy requirements.
Specifically, neonates require a large energy intake because
of their high basal metabolic rate, requirements for growth
and development, energy needs to maintain body heat,
and their limited energy reserves. These requirements
vary according to age and environmental factors and are
significantly increased by cold stress, surgical procedures,
infections, and injuries. Energy requirements are increased
10-25 percent by surgery, greater than 50 percent by
infections, and potentially more in children with burns.
Energy reserves are limited in the neonate whose liver
glycogen stores are usually consumed in the first 3 hours of
life. These limited reserves are even more restricted in the
preterm and SGA infant.

The energy needs of individual newborns can
be calculated according to the requirements for basal
metabolism plus growth. Table 1.4 lists the energy
requirements of children by age group. Consideration
must also be given to the adequacy of energy reserves in
the presence of stress factors such as cold, infection and
trauma, and surgery. The average neonate should gain
between 20 and 30 g/day, or 1-2 percent of the total body
weight per day. Protein should be administered at a rate of
2-3 g/kg per 24 hours to achieve a normal weight gain and
30—40 percent of the total non-protein calories should be
provided as fat.
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Table 1.4 Energy requirements by age.

Age (years) Energy required per 24 hours (cal/kg)

0-1 90-120
1-7 75-90
7-12 60-75
12-18 30-60
>18 25-30

The best means of providing calories is via the
gastrointestinal tract either by mouth, nasogastric, or
nasojejunal feeding tube, or through a surgically placed
gastrostomy or jejunostomy tube. Enteral nutrition
has a direct trophic effect on the bowel integrity and
development. Furthermore, early enteral nutrition has
been demonstrated to have a beneficial effect on maturing
the intestinal tract of the very low birth weight and
sick infant. It should be started right after birth unless
otherwise contraindicated.

Some indications for parenteral nutrition in the pediatric
surgical patient include: extremely low birth weight
infant, gastrointestinal tract abnormalities with prolonged
postoperative ileus (gastroschisis, necrotizing enterocolitis),
short gut syndrome following extensive bowel resection,
chronic diarrhea (malabsorption syndrome), inflammatory
bowel disease, severe acute alimentary disorders (pancreatitis,
necrotizing enterocolitis), chylothorax, intestinal fistulas, and
persistent vomiting associated with cancer chemotherapy.
The daily component requirements for total parenteral
nutrition (TPN) are detailed in Table 1.5.

Table 1.5 Total parenteral nutrition requirements.

Component Neonate 6 month- >10 years
10 years
Calories (kcal/kg/day) 90-120 60-105 40-75
Fluid (cc/kg/day) 120-180 120-150 50-75
Dextrose (mg/kg/min) 4-6 7-8 7-8
Protein (g/kg/day) 2-3 1.5-2.5 0.8-2.0
Fat (g/kg/day) 0.5-3.0 1.0-4.0 1.0-4.0
Sodium (mEqg/kg/day) 3-4 3-4 3-4
Potassium (mEg/kg/day)  2-3 2-3 1-2

Calcium (mg/kg/day) 80-120 40-80 40-60
Phosphate (mg/kg/day) 25-40 25-40 25-40

Magnesium (mEq/kg/day) 0.25-1.0 0.5 0.5

Zinc (ug/kg/day) 300 100 3 mg/day
Copper (ug/kg/day) 20 20 1.2 mg/day
Chromium (ug/kg/day) 0.2 0.2 12 mg/day
Manganese (ug/kg/day) 6 6 0.3 mg/day
Selenium (pg/kg/day) 2 2 10-20/day

Pain management

Postoperative pain management in the newborn surgical
patient may be challenging. In particular, the use of
opioid analgesics in the neonate must be monitored
carefully and may necessitate consultation with a pain
management service. As a group, neonates have a narrower
therapeutic window for postoperative opioid analgesia
than older age groups. In addition, neonates treated with
opioids exhibit variable pharmacokinetics and are at a high
risk for respiratory depression. Despite these challenges,
postoperative opiate analgesia can be effectively used to
control pain in neonates.

The World Health Organization designed a three-step
analgesic ladder, which is a reasonable way of approaching
postoperative pain:

e Step 1: non-steroidal analgesics, such as acetaminophen,
ketorolac, and ibuprofen;

e Step 2: mild opioids, such as codeine, oxycodone, and
tramadol.

e Step 3: stronger opioids, such as morphine, fentanyl, and
methadone.
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Pediatric anesthesia

ROBERT BINGHAM and MARINA GEORGE

INTRODUCTION

Pediatric anesthesia is a recognized subspecialty of
anesthesia, requiring different skills and knowledge from
adult anesthesia. In different countries and institutions,
the upper age limit for pediatric patients can vary, usually
between 14 and 18 years, but it is generally accepted that
it is most important for infants and younger children to
receive the specialist care of pediatric anesthetists for both
physiological and psychological reasons, and to reduce the
incidence of adverse events.

The biochemical, physiological, and psychological needs
peculiar to young children are best met in a children’s
environment, with all staff being trained and familiar
with children and their needs. The recommended policy
is to concentrate pediatric surgery and intensive care in
children’s departments and children’s hospitals, so that
each center for neonatal surgery serves a population of
about 2 million. This is feasible because the transport of
sick infants, even over very long distances, by surface or air,
is now routine and safe, even for intubated and ventilated
patients.

Many of the differences between adult and pediatric
anesthesia are related to differences in anatomy and
physiology — differences that are most marked in the very
young. Surgical neonates with a gestational age as low as
24 weeks and a weight of 450 g are now surviving, so that
the implications of the traditional neonatal period of 28
days of post-natal life is meaningless. From an anesthetic
perspective, the neonatal period is better defined as up to
44 weeks after conception (Figure 2.1).

The age from birth is less important than the weight of
the infant and the assessment of the function of its various
organ systems. For a given gestational age, the morbidity
and mortality are greater, the lower the birth weight.
Therefore all children should be accurately weighed
on admission to hospital. Many surgical procedures in
children aged up to three years are for the correction of
congenital defects, and it is important to remember that
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Figure 2.1 Percentile chart showing appropriate weight for
gestational age.

such defects are often multiple. For example, a cardiac
abnormality may be present in children with a cleft palate
or esophageal atresia.

PHYSIOLOGIC DIFFERENCES BETWEEN
NEONATES AND OLDER CHILDREN

Infants have poor respiratory reserves, and respiratory
failure is a common sequel of pathology in any other
system. Total pulmonary resistance, at 25 cmH,O/L per
second, is five times that of the adult. Lung compliance is
very low (6 mL/cmH,O compared with 160 mL/cmH,0O
in the adult), but the infant chest wall is a very compliant
structure, so that small infants have great difficulty in
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maintaining a normal functional residual capacity (FRC)
in states in which pulmonary compliance is further
reduced. The chest wall provides no counter-resistance
to the collapsing forces of the lungs, as it will do later in
life. Hence, the response to constant distending pressure
in the form of positive end-expiratory pressure (PEEP) or
continuous positive airway pressure (CPAP) is strikingly
beneficial in this age group.

After birth, an eight-fold increase in the number of
alveoli occurs and the adult number is reached by the age
of six years. The resistance of the airways (and thus the
work of breathing) remains high, until finally, the airways
begin to enlarge; this occurs at the same time as the full
complement of alveoli is present. Distal airway closure
occurs within the tidal breathing range until six years of
age, so there is an increase in physiologic right-to-left
shunt during this period, with an even greater effect on
oxygenation should the FRC fall, as it does with pulmonary
disease or during anesthesia.

The resistance of the nasal passages in neonates is
relatively great (45 percent of the total) and neonates are
obligatory nose breathers, so respiratory obstruction may
occur if the nares are blocked, for example by choanal
atresia or by a large nasogastric tube. This dependence on
nose breathing can be exploited with great effect in the use
of nasal prongs or masks to apply distending pressure in
the form of CPAP.

Alveolar ventilation and oxygen consumption per unit
body weight are twice those of the adult, as manifest by the
alarming rate at which hypoxemia occurs, if ventilatory
problems arise.

Respiration during the early months of life is purely
diaphragmatic (the bucket-handle effect of ribs becomes
operational toward the end of the first year of life), so that
respiratory failure may ensue if diaphragm movement
is restricted, for example by abdominal distension or
with phrenic nerve palsy. Attempts to increase alveolar
ventilation can be made only by increasing the respiratory
rate, which explains why a rising respiratory rate is a
diagnostic sign of increased respiratory distress in infants.
Phrenic nerve palsy may occur as part of a birth injury, but
is also associated with damage to the phrenic nerve during
thoracic or cardiac surgery.

The neonatal circulation is labile and may revert to the
fetal pattern (with blood flowing from right to left through
a patent ductus arteriosus and/or foramen ovale) if subject
to conditions that promote pulmonary vasoconstriction:
a state known as ‘transitional circulation’. This state,
previously known as persistent fetal circulation, is a
transitional state between the fetal circulation, including
the placenta, and that of the adult, when the right and left
sides are quite separate (Figure 2.2).

The duct may reopen with exposure to hypoxia or
fluid overload, until it is firmly closed by fibrosis after
3—4 weeks. Attempts can be made to close the duct
pharmacologically, using small doses of a prostaglandin
synthetase inhibitor, such as indomethacin. Conversely,
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Figure 2.2 Transitional circulation. DA, ductus arteriosus;
FO, foramen ovale.

prostaglandin E2 may be infused to maintain ductal
patency where this is essential, for example in infants with
pulmonary artery atresia, prior to surgical intervention.

The liability of the pulmonary vasculature is caused
by abundant arteriolar smooth muscle, extending more
peripherally than in later life (due to a failure of normal
regression of the muscle in the first few hours of life). These
arterioles constrict in response to hypoxia, hypercapnia, or
acidosis via an adrenergic mechanism (this response is
abolished after sympathectomy).

Infants with conditions such as respiratory distress
syndrome of the premature infant, congenital diaphrag-
matic hernia, meconium aspiration or B-hemolytic
streptococcal infections may develop the state of
persistent pulmonary hypertension of the newborn and
critical hypoxemia. If left untreated, these infants will
die in a vicious cycle of cyanosis, acidosis, and falling
cardiac output. Steps must be taken to reverse the high
pulmonary vascular resistance: initially, a high inspired
oxygen concentration (FiO,), hyperventilation with a pH
>7.4, and avoidance of painful or stress stimuli may be
effective. If not, specific pulmonary vasodilators, such as
inhaled nitric oxide or epoprostenol, can be employed.
Extracorporeal membrane oxygenation (ECMO) may
also be used for this condition at some specialist centers.

Neonates do attempt to maintain core temperature
at 37°C, but may not succeed because of an initial low
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basal metabolic rate, a large surface-to-weight ratio,
immature sweat function, and an inability to adapt to
adverse conditions. Superficial thermoreceptors exist in
the trigeminal area of the face; hence a cold stimulus causes
an increase in metabolic heat production from hydrolysis
of triglycerides in brown fat, causing a great increase in
oxygen consumption, which may make existing hypoxia
worse. Brown fat is distributed over the back and provides
thermal lagging for the major intrathoracic vessels.
The metabolic response to cold is inhibited by general
anesthesia, hypoxia, hypoglycemia, and prematurity.
Neonates are nursed in the neutral thermal environment
at which their oxygen demands are minimal, as low as 31°C
for a 3-kg term baby and up to 36°C for those with low
birth weight (Figure 2.3). If preterm infants are allowed
to cool, there is increased mortality and morbidity. They
are more likely to develop respiratory disease, acidosis,
hypoxia, coagulopathy, intraventricular hemorrhage, and
a subsequent slower rate of brain growth.

The mean cord hemoglobin concentration is approxi-
mately 18 g/dL at birth and rises by 1-2 g/dL in the first
days of life because of low fluid intake and a decrease in
extracellular fluid volume. After that, the level declines
(see Figure 2.4) and causes the physiologic anemia of
infancy. Premature babies have a greater fall because of
lower red cell production and survival. At birth, 70 percent
of the hemoglobin is HbF, which has a greater affinity
for oxygen, possibly because of a relative insensitivity to
2,3-diphosphoglycerate, which itself lowers the oxygen
affinity of the hemoglobin molecule. The HbF is replaced
by HbA by three months of age, at which time sickle
tests become positive in children with sickle-cell disease,
although most will have been diagnosed by electrophoresis
in the newborn period. A hemoglobin concentration
<10 g/dL is usually abnormal and severe anemias should
be investigated prior to elective surgery.
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infants of differing birth weight.
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Figure 2.4 Changes in hemoglobin concentration and red cell
count in the first ten years of life; ©, hemoglobin; ®, red cell count.

The blood volume of the neonate is more variable than
that of the older infant and depends on the magnitude of
the placental transfusion. Difficulties may arise if blood
replacement is based on percentage of the estimated blood
volume. The blood volume of an infant with normal
hemoglobin is estimated to be 80-85 mL/kg, but in very
premature infants it is greater, perhaps as much as 100 mL/kg.

Carbohydrate reserves of the normal neonate are
relatively low and, as most glycogen is synthesized after
36 weeks’ gestation, those of preterm infants may be very
low. Blood sugar levels should average 2.7-3.3 mmol/L
(50-60 mg/dL), and hypoglycemia of less than 1.6 mmol/L
(30 mg/dL) is treated by infusion of 2-2.5 mL/kg of 10
percent dextrose. Frequent testing for blood sugar using
point of care equipment gives improved control. There is
no agreement as to the hypoglycemic effect of preoperative
fasting, but 4 hours between the last clear drink and
induction of anesthesia should be the very maximum,
and small children should receive a drink of clear fluid
containing sugar up to 2 hours preoperatively. The usual
regimen for preoperative fasting at the major children’s
hospitals worldwide is 6 hours for food and formula feeds
and 4 hours for breast milk, with 2 hours for clear fluids.
Premature and very small babies receiving more frequent
feeds may have shorter periods of fasting if this is discussed
with the anesthetist. Children below 15 kg in weight are at
greatest risk from perioperative hypoglycemia.

Maturity of liver enzyme systems is complete by two
months of age. The synthesis of vitamin K-dependent
clotting factors II, VII, IX, and X is suboptimal until then.
Minimal levels of clotting factors occur on the second or
third day of life, and this is partially prevented by routine
oral administration of vitamin K to all neonates or by
intramuscular injection if the oral route is not available.
Hepatic immaturity also means that drugs metabolized
in the liver, such as barbiturates and opiates, should be
used with extreme caution. The conjugation of bilirubin is
very inefficient, and uncoupling of at least one of the two
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molecules occurs at times of stress, such as during hypoxia
or acidosis. After liver maturity is reached, most anesthetic
drugs are well tolerated because of the high metabolic rate
of the young child.

The neonate has no diuretic response to a water load for
the first 48 hours of life. By the end of the first week, dilute
urine can be produced, but the output falls before the full
load has been excreted.

Fluid maintenance requirements for full-term infants
start at 20-40 mL/kg per 24 hours on day 1, increasing by
20 mL/kg each day until the levels shown in Table 2.1 are
reached by the end of the first week of life.

Table 2.1 Basic fluid requirements of neonates 7 days after birth.
Birth weight (g) Volume/24 hours (mL/kg)

<1000 180
1000-2500 150
>2500 120

There is usually marked fluid retention associated with
the surgery, due to release of anti-diuretic hormone
(ADH) and restriction to the requirements suggested
for the neonatal period is necessary during and after
operation. Pre- and postoperative maintenance fluids
should contain glucose in newborns (depending on blood
sugar), but abnormal losses must be replaced with an
isotonic replacement fluid (0.9 per cent saline or buffered
salt solution) separate to the maintenance solution. Added
potassium chloride may be required. Due to the stress
response, hyperglycemia may occur if glucose solutions are
continued during the operation and glucose-free, balanced
salt solutions are often used for both maintenance and
replacement intraoperatively. Nevertheless, blood glucose
levels must be measured frequently — hypoglycemia is
likely in premature or small-for-dates babies and in those
who have received preoperative glucose infusions.

ASSESSMENT OF THE PATIENT

Fitness for general anesthesia and surgery must be assessed
in relation to the urgency of the surgery. Assessment often
involves weighing up the risks related to an associated
medical problem against the benefits of surgery. This
requires cooperation between the anesthetist and the
surgeon. Many centers run preoperative clinics in
which medical problems can be identified, appropriate
investigations performed, and treatment instituted in
order to optimize the child’s condition prior to surgery.
The parents and patients may also be given the necessary
instructions for admission to hospital, which is especially
important for day-cases.

Elective surgery should not take place when the patient
has an acute intercurrent illness. The operation should
be deferred about one month after the last symptoms of
respiratory tract infection, croup, or the acute exanthems

have subsided, as related adverse events can occur for up to 6
weeks. However, some children requiring surgery, especially
for ear, nose, and throat procedures, may suffer repeat upper
respiratory infections, and the next episode may occur if the
operation is postponed for too long a period.

After bronchiolitis, pulmonary abnormalities of
increased resistance and reduced compliance may persist
for as long as one year. In patients with chronic respiratory
disease, lung function may be assessed by measuring
airway resistance, compliance, and lung volumes, and by
ventilation/perfusion scans. Baseline blood gas estimations
are rarely indicated but may show metabolic alkalosis
compensating for respiratory acidosis, or a raised PaCO,
if there is incipient respiratory failure. Patients with
values that are 50 percent of the predicted normal may be
expected to develop respiratory problems after anesthesia
and surgery, and in those with only 30 percent of predicted
values with a resting PaCO, above 40 mmHg (5.3 kPa),
postoperative respiratory support should be anticipated
after major surgery and possibly even after apparently
trivial procedures.

The history, including exercise tolerance and the physical
examination of the child, should reveal any potential
problems, such as respiratory obstruction or respiratory
failure. The anesthetist is also alerted to possible problems,
such as a difficult intubation due to a small jaw or limited
mouth opening and neck movement, for example in
patients with Pierre-Robin sequence or Still’s disease.

A previously undiagnosed cardiac murmur needs
preoperative investigation. Although a significant number
of these murmurs are innocent, a thorough history and
examination need to be performed in all cases. If the
murmur is soft, or early systolic without a precordial
thrill or electrocardiogram (ECG) changes, then surgery
may proceed. However, if the child is less than one year
of age, there is an associated syndrome or the features
of the murmur are more pathological in nature, further
investigation with echocardiography and a cardiology
opinion should be sought preoperatively.

DAY-CASE SURGERY

Most minor surgery of all specialties is performed on a day-
case basis as this arrangement is more cost-effective, more
convenient for the parents, and has obvious psychological
advantages for the child. Anesthetic techniques of
premedication, intubation, inhalation, or intravenous
anesthesia, local blocks, and postoperative analgesia need
not differ significantly from those for hospitalized patients
as both are geared to a rapid and pain-free return to
normal function. Facilities must be available to admit a
child overnight if the anesthesia or surgery has not been
straightforward or if the parents feel they cannot manage
at home. In general, babies of less than 46 weeks since
conception should not be treated on a day-stay basis, even
for minor surgery, as infants with a history of previous
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apneic attacks, or ex-premature babies of <46/40 post-
conceptual age, have a risk of apnea for up to 24 hours
after the operation.

Infants and small children are vulnerable to the
psychological stress of being in hospital and undergoing
surgery. They are totally dependent on their parents, and
prolonged separation in the early months of life may cause
problems with maternal bonding. Children between two
and four years of age are especially vulnerable, as they may
have unreasonable fears about hospitals and surgery, but
may not yet have developed the intellectual mechanism
to deal with these fears. Full preparation with a kindly
and sympathetic approach is therefore required. Some
children, despite this, will develop behavioral changes,
which may last days or occasionally weeks.

PREMEDICATION

There is no ideal agent for premedication. The aim
is to achieve mild sedation for most children, since
a dose required to produce sleep in most, will cause
over-sedation in a few. In recent years, preoperative
medication has become less important, with parents
usually present at induction and the universal use of topical
anesthetic creams to allow painless intravenous induction
of anesthesia. Opioid premedication is rarely used, as
intramuscular injections are so disliked, and intraoperative
and postoperative analgesia is usually managed by specific
measures involving regional analgesia or intravenous
opioid infusions.

Premedication drugs include midazolam 0.5 mg/kg,
temazepam 0.50-1 mg/kg, and chloral hydrate 30-50 mg/
kg —all administered orally. Other routes of administration,
such as nasal or rectal, have been used, but no single method
or agent has been shown to be superior. Clonidine 4 pg/
kg orally may be used preinduction to reduce agitiation.
Melatonin has few side effects and at a dose of 0.2 mg/
kg orally has been shown to reduce the induction dose of
propofol. The use of atropine as an anti-sialogogue used to
be widespread, but since the development of non-irritant
inhalational agents, it is now largely confined to specialist
areas of practice, such as upper airway endoscopy.

EQUIPMENT

Specialized apparatus with low resistance to breathing (less
than 30 cmH,O/L per second during quiet breathing) and
minimal dead space is necessary as infants already have a
high airway resistance and a higher ratio of dead space to
tidal volume than adults.

Jackson Rees’ modification of Ayre’s T-piece has
almost universal approval for induction of anesthesia,
particularly in infants and small children. With the advent
of newer and more expensive volatile agents, such as
sevoflurane and desflurane, circle systems are widely used

during anesthetic maintenance for both spontaneous and
intermittent positive pressure ventilation techniques.

Clear plastic, cuffed face masks provide a better fit to the
face, and a firm fit also enables distending pressure to be
applied to spontaneously breathing patients, which provides
a ‘pneumatic splint’ to maintain upper airway patency and
prevents reduction in FRC. The apparently larger dead
space of some such masks is usually unimportant, as the
fresh gas flow streamlines within the mask.

The infant larynx lies higher in the neck (opposite the
fourth cervical vertebra) and more anterior than in the
adult and, as the epiglottis is relatively large, laryngoscopy is
best performed with a small, straight-bladed laryngoscope,
the tip of which picks up the epiglottis. Perfect sizing,
positioning, and fixation of the tracheal tube are central to
pediatric anesthesia and intensive care.

The correct size of tube is that which allows a small air
leak between it and the mucosa of the cricoid at a peak
inspiratory pressure of 25 cmH,O. The formula classically
used to calculate the internal diameter (in mm) of the
tube required (age over one year) is the age (in years)
divided by 4 plus 4.5. The cricoid ring is the narrowest
part of the upper airway in a child and is easily damaged
by too large a tracheal tube, resulting in postoperative
stridor or even subglottic stenosis (1 mm of mucosal
edema in the infant cricoid will reduce the airway by 60
percent). Uncuffed tracheal tubes with a small leak have
been traditionally used in both anesthesia and intensive
care; however, the use of circle systems with low gas flow,
and also the potential problems with a leak around the
tube with non-compliant lungs, has popularized the use of
cuffed tubes for both infants and children. Several studies
have demonstrated that cuffed tubes are unlikely to cause
damage provided they are properly positioned and that
cuff pressure is monitored and maintained within the
recommended limits. In certain circumstances, such as
facial burns, cuffed tubes have significant advantages.

An oropharyngeal airway inserted alongside an oral tube
can splint it and prevent lateral movement and kinking.
An oral tube is usually fixed to the face by two pieces
of adhesive strapping to prevent dislodgement. Nasal
intubation is preferable for some head and intraoral surgery
and is also a more secure route for long-term ventilation in
infants and children, apart from very premature infants in
whom the nasal cartilage is too soft and can erode due to
the continuous pressure from the tube.

The laryngeal mask airway (LMA) designed by Sir
Archie Brain, is routinely used in pediatric anesthesia and
is suitable for all sizes of children, although there is an
increase in the complication rate with diminishing LMA
size. Modifications to the original design of the LMA have
led to the development of airways specifically designed
to increase flexibility of the connection point, allow
intubation and allow the aspiration of gastric contents
through a gastric port. Since the expiry of the patent on the
original LMA, several new supraglottic airway devices have
become available, some of which are available in pediatric
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sizes (iGel, Laryngeal Tube, Cobra Perilaryngeal Airway,
air-Q Intubating Laryngeal Airway).

Intermittent positive pressure ventilation can be
performed easily with the laryngeal mask in children,
although many pediatric anesthetists would avoid this
technique in smaller infants, as the potential to inflate
the stomach and develop decreased compliance from
diaphragmatic splinting may be significant. Use of
disposable laryngeal masks will remove the theoretical
risks of prion and other infective agent transfer.

Children with a potential for difficult laryngoscopy or
intubation may require specific equipment. Devices which
improve the glottic view using fiberoptics are particularly
useful where the intubating difficulties are supraglottic.
Equipment such as this are all available in pediatric sizes.

WARMING DEVICES

In addition to controlling the ambient temperature of the
operating room environment, there are numerous heating
devices available to help maintain normothermia in small
children and infants during anesthesia. Many are either
under-patient or over-patient hot air or water heaters with
thermostatic servocontrols. The efficacy of most of these
devices makes it mandatory that temperature measurement
of the patient is closely monitored. In children receiving
large volumes of intravenous fluids, especially blood, fluid
warmers are essential. The most effective of these warm
the fluid right up to the point where it enters the patient,
such as the coaxial inline water heater. The use of heat
and moisture exchange filters with a low dead space can
prevent excessive heat loss through the breathing of cold
inspired gases.

GENERAL PRINCIPLES OF ANESTHESIA

The principles of anesthesia in infants and children are
similar to those for adults; however, infants weighing less
than 5 kg are usually intubated for anesthesia, however
minor the surgery, to allow controlled ventilation and
avoid hypoxemia and hypercapnia. Metabolic studies
clearly show that even neonates mount stress responses
to surgery, and that these can be obtunded by opioid or
regional anesthesia. Adverse responses may contribute to
morbidity and mortality or the prolongation of recovery.

Induction and maintenance agents

Induction of anesthesia is usually achieved either by
inhalation or intravenous administration. Halothane
continues to be a popular agent worldwide as it is readily
accepted by children, but in most developed countries it
has been replaced by sevoflurane, which provides rapid
and well-tolerated induction of anesthesia, with less

myocardial depression and improved maintenance of
cardiac output. Intravenous induction is usually with
propofol (3 mg/kg), as it is very short acting and may be
of advantage for day-case patients or where rapid recovery
is desirable. Propofol also has antiemetic properties.
Thiopentone sodium in doses of 4-5 mg/kg may be used
as an alternative. Ketamine (1-2 mg/kg intravenously) is a
useful agent for children with cardiovascular instability as
it may enhance cardiac output by means of endogenous
catecholamine release.

After induction, the depth of anesthesia can be controlled
either intravenously or using inhalational gases. Isoflurane,
sevoflurane and desflurane are commonly used for
maintenance of anesthesia. The higher cost of sevoflurane
and desflurane has been offset by the widespread use of
circle systems with low fresh gas flow rates. Newer volatile
agents have minimal toxicity, but all inhalational agents are
known triggers of malignant hyperpyrexia in susceptible
patients. There is also an association with emergence
agitation, a phenomenon described as a disturbance in a
child’s awareness of their environment with disorientation
and perceptual alterations.

Total intravenous anesthesia using target-controlled
infusions of propofol in children is possible using enabled
infusion devices, which use validated pharmacokinetic
data to calculate the infusion rates required to achieve a
preselected plasma level. Particular attention should be
paid to minimizing the total dose of propofol infused
for anesthesia to reduce the risk of propofol infusion
syndrome.

Remifentanil, a selective p-opioid receptor agonist,
is particularly useful as part of a balanced anesthetic
technique. Unlike other opioids, there is no increase in
the context of sensitive half-life meaning a rapid recovery
irrespective of the dose used or the duration of infusion.

Muscle relaxants

Sensitivity of the neuromuscular junction to non-
depolarizing muscle relaxants exists during the first 2-3
weeks of life. This, together with wide individual variation,
makes careful titration of dose with effect mandatory.

The progress of action of the relaxants can be monitored
with a peripheral nerve stimulator. Atracurium besylate
is the relaxant of choice for neonates as its metabolism is
independent of hepatic and renal function, and it may be
given by bolus (0.5 mg/kg) or continuous infusion (9 pg/kg
per minute). The short-acting non-depolarizing relaxant
mivacurium, inactivated by plasma cholinesterase, may
also be given by infusion.

The reported resistance to succinylcholine (suxameth-
onium) in the neonate is caused by the dilution of a given
dose in the relatively large extracellular fluid volume.
Suxamethonium is hydrolyzed by butyrlcholinesterase
and an inherited deficiency of this enzyme may result in
a prolonged block requiring intubation and ventilation
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until recovery. Other side effects include hyperkalemia
and the drug is a trigger for malignant hyperpyrexia.
The indications for the use of this agent are significantly
reduced with the introduction of newer agents; however,
the rapid and optimal conditions produced for intubation
are useful in rapid sequence inductions and critical airway
management.

Any significant residual non-depolarizing neuro-
muscular block at the conclusion of anesthesia should
be antagonized using a reversal agent. Neostigmine
(50 pg/kg) and edrophonium (1 mg/kg) are antagonists
of acetylcholinesterase increasing the availability of
acetylcholine at the neuromuscular junction. Atropine
(20 pg/kg) or glycopyrrolate (10 ug/kg) should be
administered before, or with the anticholinesterase to
prevent muscarinic side effects. Sugamadex is a specific
antagonist of rocuronium rendering it immediately
inactive without the cardiovascular side effects seen with
anticholinesterase drugs.

Prevention of aspiration

Cricoid pressure, used to prevent regurgitation of
gastric contents, is as effective in infants as it is in
adults if correctly applied and is used when there is a
risk of pulmonary aspiration, for example in patients
with intestinal obstruction. Cricoid pressure may distort
the larynx and it should be removed if it compromises
intubation of the airway.

ANALGESIA

Analgesia is balanced with anesthesia to provide stress-
free conditions for surgery with improved outcomes. The
technique used can either involve intravenous opioids,
such as fentanyl (1-10 pg/kg) or morphine (0.05-0.2 mg/
kg), or be regional, or a combination of the two. Great
care must be taken when opioids are given to neonates
unless postoperative mechanical ventilation is planned.
Older infants and children tolerate up to 10 pg/kg fentanyl,
in longer procedures (>1 hour), without the need for
postoperative ventilation, and this provides excellent
analgesia.

Regional anesthesia

Central or peripheral nerve blocks usually, but not
necessarily, associated with light general anesthesia or
sedation are routine in pediatric anesthesia. They obviate
the need for opioid analgesia in high-risk groups, such
as ex-premature infants. In day care, they result in good
postoperative analgesia with a reduced incidence of side
effects. Techniques such as spinal or extradural blocks with
catheters are used even in neonates and have the advantage

that they can be continued into the postoperative period.
Sacral lumbar and thoracic roots up to T10 may be blocked
by caudal analgesia using 0.25 percent plain bupivacaine.
Newer local anesthetic agents, such as ropivacaine and
levo-bupivacaine, appear to be less cardiotoxic than the
older agents.

Most pediatric surgery is suitable for the use of local
anesthetic techniques of some type. Caudal epidural blocks
are widely used, very safe, and easily performed in most
children and are suitable for perineal, lower abdominal,
and lower limb surgery in small children. In older
ambulant children, the numb legs postoperatively may be a
disadvantage, and ileoinguinal nerve block may be preferable
for inguinal herniotomy or orchidopexy. The transversus
abdominus plane block, which involves the placement of
local anesthetic in the plane between the internal oblique
and transversus abdominis muscles has gained recent favor
for unilateral lower abdominal surgery. Penile blocks can
be used for circumcisions and minor hypospadias repair,
although caudal blocks are preferable for more extensive
repairs. Axillary brachial plexus blocks are also easily and
safely performed in children and are suitable for most upper
limb surgery. The use of ultrasound imaging and nerve
stimulation of peripheral nerves can improve the accuracy,
quality and safety of nerve blocks. If a regional technique
or nerve block is not possible, simple infiltration combined
with either opiate intravenous analgesia or simple analgesics
is also very effective, both for short procedures and for
immediate postoperative analgesia.

Postoperative pain management

Since it was discovered that postoperative pain in children
was being seriously under-treated, a great deal of attention
has been given to the subject of acute pain relief in this
patient group. Most children’s hospitals and large centers
have established acute pain services with physicians and
nurses to treat, audit, and research this problem. Neonates
present a unique problem of assessment and of treatment
due to their sensitivity to the respiratory depressant
effects of opioid analgesia. Regional techniques, as already
described, including simple wound infiltration, are used
whenever possible. Paracetamol is safe and effective in
neonates in doses not exceeding 60 mg/kg per 24 hours.
Non-steroidal anti-inflammatory drugs (NSAIDs) can be
given to children over the age of three months provided
they have normal renal function and are not wheezy, and
are excellent in combination with paracetamol, especially
for ambulatory care. Analgesia for neonates, infants,
and children after major surgery is based on morphine
intravenous infusions unless there is an epidural infusion.
They obviate the need for painful intramuscular injections
and avoid the peaks and troughs of bolus administration.
A regimen appropriate to the patient, type of surgery,
location of nursing (intensive care, high dependency,
or ward), and the institution’s protocols are essential,
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but most are based on infusions delivering 20-40 pg/kg
per hour for older children and infants, with neonates
receiving lower doses.

Patient-controlled microprocessor pumps can be
used by children as young as five years, while younger
children usually benefit from a higher background delivery
supplemented by nurse-controlled boluses. Continuous
epidural infusions of local anesthetics with or without
opioids are widely used for pain relief after major
abdominal and thoracic surgery in pediatric practice.

MONITORING

Suitable adaptations of standard techniques of monitoring
used in adult practice are acceptable for all children,
including neonates. Crucially, all monitors should
be set up for the age of the child and the alarms set
accordingly. Minimal standards of monitoring include
electrocardiography (ECG), pulse oximetry, non-invasive
blood pressure measurement, inspired and expired
gas analysis, with CO, and O,, and anesthetic agents.
In addition, many anesthetists find the precordial or
esophageal stethoscope a useful adjunct in pediatric
practice. For all but the very briefest procedures, and for
any in which a heating device is used, central temperature
monitoring — usually nasopharyngeal — is mandatory.
Peripheral temperature monitoring is useful in prolonged
procedures and can help inform volume replacement.
Direct measurement of arterial and central venous
pressure is used routinely for much major pediatric
surgery. Monitors designed to measure cardiac output
and parameters to measure tissue perfusion, such as urine
output base deficit and lactate, are useful to record. The use
of near-patient blood testing of blood, allows close control
of fluid therapy, blood replacement, and blood sugar
monitoring. Cerebral function and depth of anesthesia can
be monitored, but its use is yet to be validated in infants.

FLUID MAINTENANCE

Care is required with clear maintenance fluids during
neonatal surgery, as fluids to flush drugs may be sufficient
for requirements, particularly if the neonate has been
receiving preoperative intravenous fluids. Neonates who
have been on preoperative glucose infusions are prone
to hypoglycemia if the glucose infusion is not continued.
Frequent blood glucose monitoring is essential.

Older children may be given intraoperative fluids (as
balanced electrolyte solution) at 6-10 mL/kg per hour.
The routine use of the traditional 4 percent dextrose and
0.18 percent saline solution is no longer encouraged, as it
is increasingly clear that hypoglycemia is rare outside the
neonatal period and the injudicious use of functionally
hypotonic solutions may be associated with severe
hyponatremia.

Abnormal losses should be replaced with appropriate
isotonic solutions such as 0.9 percent saline, human
albumen solution, or artificial colloid solutions. The use
of red cells is avoided unless absolutely necessary and
should be guided by bedside testing of hematocrit. Much
lower hemoglobin levels are now tolerated than in the
past, and most anesthetists would not transfuse a fit older
child without ongoing losses unless the hemoglobin fell
below 7.0 g/dL. Techniques such as cell salvage and acute
normovolemic hemodilution are increasingly used to
avoid transfusion in major surgery.

RESPIRATORY SUPPORT AND POSITIVE
PRESSURE VENTILATION

Many machines exist for the intraoperative mechanical
ventilation of children. T-piece-occluding machines, such
as the Penlon 200 series with the Newton valve, are
satisfactory for simple cases in children with normal lungs,
but most centers now use dedicated pediatric ventilators.
Whatever ventilator is used, it is essential that it has a
reliable alarm system.

Hand ventilation is still the ‘gold standard’ in
situations of rapidly changing pulmonary compliance or
if there is tracheal compression. Controlled ventilation
should be used for all neonates because the respiratory
depressant effect of inhalational anesthesia is so great
at this age. Older infants may tolerate short periods of
spontaneous ventilation via a tracheal tube, laryngeal
mask, or facemask.

At the end of surgery, infants are extubated when fully
awake, once spontaneous respiration is judged to be
adequate. Because of the low respiratory reserve at this age,
however, respiratory failure may ensue. Acute respiratory
failure is a clinical diagnosis based on a rising respiratory
rate, pulse rate, and oxygen dependence, and on an
assessment of the work of breathing as shown by intercostal
recession, tracheal tug, nasal flaring, restlessness, and
grunting. Inability to clear secretions, or apneic attacks are
further pointers. Blood gas levels may confirm the clinical
impression, but if the need for postoperative blood gas
analysis is anticipated, an arterial cannula should be left
in situ, as intermittent sampling is painful and inaccurate.

Distending pressure in the form of CPAP can be used
to avoid intubation, when an infant cannot maintain
adequate saturations (>90 percent) in 60 percent oxygen.
The CPAP may be administered via a tight-fitting facemask
or nasal prong.

If postoperative ventilation is necessary, it is best
provided via a nasotracheal tube, unless contraindicated.
The complications of blockage, dislodgement, and
subglottic stenosis can be avoided by meticulous care.
Uncuffed tubes must be of a size to allow effective
ventilation, but also some leakage of air around it, or
damage to the cricoid mucosa may result. Cuff pressure
must be carefully monitored if cuffed tubes are used.
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TOXICITY OF ANESTHETIC AGENTS

Recent research has raised concerns over the potential
toxicity of anesthetic agents on the developing brain.
Both rats and Rhesus monkeys exhibit neuronal apoptosis
when exposed to prolonged periods of anesthesia (>12
hours) with agents that antagonize NMDA receptors
(e.g. ketamine) or potentiate the neurotransmission of
gamma aminobutyric acid (e.g. isoflurane). There was no
demonstrable effect with exposure to anesthetic agents
for less than 3 hours. Although there have been no
human studies of apoptosis, a large Danish cohort study
compared academic performance in 2689 children who
had an infant hernia repair with 14 575 children who
had not received an anesthetic and found no significant
differences in attainment. There is also an ongoing
prospective, randomized international study comparing
neurodevelopmental outcomes in children who had hernia
repair under general anesthesia with those who had the
surgery with local or spinal anesthesia (the GAS Study).
Clearly, if surgery is necessary, anesthesia must be
administered and although there is no good evidence to
suggest that any agent is better or worse than another

in this respect, whichever agent is used, it is extremely
unlikely that there will be any adverse consequence from a
single exposure to less than 3 hours of anesthesia.
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Operating room requirements and special
consideration for laparoscopic surgery

HOCK LIM TAN and NICHOLAS SY CHAO

INTRODUCTION

ESSENTIAL SET-UP

Laparoscopic surgery has matured over the past decade
to the extent that it is now routine in many centers to
perform primary repairs of esophageal atresia, duodenal
atresia, and other major reconstructive procedures which
were thought impossible, or too challenging, not long ago.
This is largely due to improvements in hand instruments,
video technology, and new electrosurgical equipment, such
as vessel-sealing devices which allow the pediatric surgeon
to operate with a degree of precision and finesse previously
impossible.

While open surgery can be performed with a minimum
of equipment, the ability of a surgeon to perform delicate
laparoscopic dissection and fine intracorporeal suturing
is completely equipment dependent, and this chapter
focuses on optimizing the operating room environment to
perform complex laparoscopic operations with efficiency
and safety. Ultimately, the goal is to improve the standard
of surgical care and patient outcome.

The essential elements to optimize the ability to perform
advanced laparoscopic procedures are:

e laparoscopic ‘set-up’;
e optimizing the operating room environment;
e choice and management of instruments.

OPTIMIZING VIDEO LAPAROSCOPIC
EQUIPMENT SET-UP

The laparoscopic 'stack’

The laparoscopy stack evolved in the 1990s when the
laparoscopic equipment required were simply ‘stacked’
on shelves mounted on a transportable cart and the video
monitor placed on the topmost shelf because it was the
heaviest and most cumbersome piece of equipment, and
happened to sit best on the top of the stack.
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1 While this served the needs of basic laparoscopic
surgery, it is rarely possible to position a stack-mounted
monitor in the most ergonomic position for advanced
laparoscopic surgery without some compromise. The
introduction of high definition flat screen monitors now
allows them to be mounted on an adjustable side arm
of a transportable laparoscopic stack thus allowing the
monitor to be positioned in the most ergonomic position
as illustrated.

While this allows greater flexibility, the moveable stack still
occupies a significant ‘footprint’ and can be cumbersome
especially if the stack has to be moved to reposition the
video monitor because of the limited range of the side arm.

2 The most efficient option today is to mount the video
monitor on a ceiling-mounted pendant, as this allows far
greater flexibility of movement around the perimeter of
table and provides for optimal height adjustment.

The increasing array of equipment required for
contemporary laparoscopic surgery, robotic surgery, and
the use of C arm severely challenges the physical constraints
of the operating room, not only in terms of clutter but also
safety, particularly if a wide assortment of cables and foot
switches are strewn on the operating room floor.
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3 The optimum environment for advanced laparoscopic
surgery is to fully integrate the operating room control
system. In a fully integrated operating room, much of
the ancillary equipment can be located in an adjacent
room, reducing the footprint in the operating room. The
availability of voice or touch screen control in the sterile
field also allows the surgeon to adjust electrosurgical
equipment, such as insufflator and diathermy settings,
operating room ambient lighting and environment,
operating table height and pitch, teleconferencing and
information servers, thus giving the surgeon full charge
of the operating room, reducing the risk of errors, as can
occur if the adjustment of equipment settings rests with a
third party, in this environment of increasing complexity.

As an added feature, some integrated systems have a built-
in electronic checklist and time-out system, in keeping
with World Health Organization (WHO) requirements.

All these added features serve to reduce the incidence
of adverse events in laparoscopic surgery which has been
estimated to be around 10 percent of all laparoscopic
procedures.

Video image quality

HIGH DEFINITION OR 3D CAMERA

The introduction of high definition (HD) video
laparoscopic camera systems has resulted in a quantum
leap in the clarity of the video image and allows the
pediatric surgeon to identify with greater clarity the viscera
in the operation field. Compared to a conventional DVD
quality image with a resolution of 550 lines, HD images
provide a resolution of 1080 lines, allowing far greater
detail and clarity than was previously possible. This is now
the gold standard. The superior image quality compensates
for the lack of stereoscopic vision.

While there are many 3D or stereoscopic systems
available capable of producing a stereoscopic image
with the aid of special eye glasses, they are still in their
infancy, and because the telescopes required to produce
a stereoscopic image are 10 mm, they are generally
unsuitable for use in infants and small children. A further
disadvantage of 3D is the need for a shutter system
to present alternating images to each eye, resulting in
significant flicker and visual fatigue with extended use.

OPTIMIZING IMAGE QUALITY

While a high definition system is capable of producing an
image of unsurpassed quality, it is important to appreciate
that the image quality displayed depends on the source of
the signal. It is important to ensure that the video signal
for the monitor is sourced directly from the HDMI (high-
definition multimedia interface) output in the camera

control unit instead of taking the signal from the video
recorder output which may lead to significant degradation
of the image quality.

AMBIENT LIGHTING CONTROL

Many surgeons darken the room to improve image quality
or brightness. This may be hazardous, especially if there
are cables strewn across the floor. Newer operating rooms
offer green ambient lighting which provides sufficient
ambient lighting for operating room personnel to see and
move around safely without interfering with the surgeon.
Green ambient lighting also does not result in pupillary
dilatation and has been shown to enhance the quality of
the image on the flat screen.

Choice of laparoscopes

A wide range of laparoscopes are available today from
1.5-mm telescopes to 10-mm adult laparoscopes. In
general, 4- and 5-mm rod lens telescopes provide sufficient
illumination and image resolution for our requirements
(except for bariatric surgery which may require a 10-mm
adult telescope). Smaller telescopes (1.9-mm diameter)
are available, but are only useful for simple diagnostic
purposes as they are usually fiberscopes and will transmit a
pixilated low resolution image.

Generally, it is best to have both 0° and 30° telescopes
available.
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PREPARATION OF HAND INSTRUMENTS

The key to providing an efficient service is to keep it simple.
While there is a myriad of laparoscopic hand instruments
available, in reality most surgeons use the same instruments
for performing even complex procedures, and only need
additional instruments when unexpected events occur.
Around six hand instruments are required to perform a
primary repair of duodenal or esophageal atresia, and the
same applies to the entire range of complex reconstructive
procedures.

In practice it is best to prepack selected instruments
which are always used for the most common laparoscopic
procedures performed in your institution, e.g. one pack
for fundoplication, one for appendicectomy, and to have
selected instruments you may need occasionally available
in individually sterilized peel packs.

The most efficient set-up is to prepack instruments, and
only open those instruments which are always required for
a specific procedure, such as a duodenal grasper, pyloric
knife, and spreader for laparoscopic pyloromyotomy. Other
instruments, such as needle drivers which needed to repair
a perforation, should be kept on standby and only opened if
needed. This is efficient and will reduce the wear and tear of
reusable instruments reducing the need to repack, clean and
resterilize. Standardizing and keeping the entire instrument
set-up as simple as possible will also increase the enthusiasm
of the operating room personnel, especially scrub nurses,
and will reduce the set-up and turnaround time.

OPTIMIZING WORK FLOW

Laparoscopic surgery inevitably involves increased
workload for the operating room team. In addition to
the usual documentation of patient details, checklist, and
time out, the additional tasks required, such as setting
up the equipment, ensuring correct insufflator settings,
positioning of video monitors, and ensuring that the
correct hand instruments are available adds significantly
to the setting up and turnaround time. The complexity
of these additional tasks also increases the risk of adverse
events occurring.

Setting up of a laparoscopic service is challenging
and has to involve team-building, but is also extremely
rewarding once an efficient team has been established.

Special consideration has to be given to the care and
maintenance of hand instruments and telescopes and it
is best to assign a special member or team leaders to take
specific charge of the cleaning, disassembly, and packaging
of these delicate instruments, especially the telescopes, to
avoid expensive breakages.

STORAGE FACILITIES

Most operating room suites have a common ‘CSSD’ to
store for both laparoscopic and open surgery at sites
often remote from the operating room itself. While
this makes for ease of storage, consideration should be
given to storing hand instruments, telescopes and other
essential equipment, such as disposable staplers and clips
in moveable trolleys which can be brought into the
operating room. This will result in significant reduction in
time wasted waiting for replacement instruments in case of
malfunction or if instruments are accidentally dropped. In
this age of economic prudency, such measures will result in
significant cost saving, particularly as the operating room
is one of the most expensive ‘cost center’. It will also allow
the OR team leader to manage stocktaking.

Unlike open surgery where much of the operation
can continue in one form or another while waiting for
replacement instruments, the complete dependence on
equipment requires the development of a new paradigm
shift in overall operating room management if we are
to maximize our efficiency and reduce the incidence of
untoward events.
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HISTORY

OVERVIEW OF DEVICES AND TECHNIQUES

Secure vascular access is central to the delivery of
many aspects of modern medical care. In 1628, William
Harvey described the heart and circulation in detail. This
provided the anatomical basis for subsequent vascular
interventions. By the early 1900s, intravenous therapy
was becoming established, replacing proctoclysis and
cutaneoclysis as a means of delivering fluids and drugs
to patients. Effective antimicrobials, chemotherapeutic
agents, parenteral nutrition, and the evolution of a
culture of intensive care are among the medical advances
that have encouraged the development of innovative
strategies for vascular access in children over the last 60
years. This group of procedures is now one of the most
common performed by pediatric surgeons.

PRINCIPLES AND JUSTIFICATION

Venous and arterial access is a key part of the
management of many children who require
investigations, monitoring, and specific interventions.
Access procedures may facilitate the monitoring of
physiological, hematological, and biochemical indices.
Therapeutic indications include the delivery of fluids,
blood products, nutrition, and drugs, hemodialysis as
well as miscellaneous interventions such as endovascular
surgery and, increasingly, cellular transplantation.

Some children put forward for vascular access may
be suitably managed by simpler, less invasive, and
equally effective means. Despite improvements in
devices, insertion techniques, and postoperative care,
distress and complications related to catheter insertion
are not infrequent and may be severe. In consultation
with other members of the multidisciplinary team, it
is the responsibility of the surgeon to ensure that the
vascular access procedure proposed for each child can
be justified.

In most children, short-term venous access for sampling
and the delivery of non-irritant infusions is achieved by
the use of a short 14-26-gauge cannula inserted into a
superficial vein in an upper or lower limb. In addition to
easily visible veins, useful sites include the long saphenous
vein anterior to the medial malleolus at the ankle, the
cephalic vein at the wrist, the interdigital vein between
the fourth and the fifth metacarpals on the dorsum of the
hand, the external jugular vein, the superficial temporal
vein of the scalp in small infants, and, occasionally,
superficial veins on the trunk.

For children who require intravenous access for several
days, the insertion of a ‘short long line’ early in the course
of treatment, while superficial veins are well preserved,
may reduce the frequency of recannulation. A number
of suitable devices are available. Unless coincident with
a general anesthetic for another reason, these procedures
are generally performed in the awake child with the aid
of topical anesthetic creams or sprays. Familiarity with
peripheral venepuncture in children and maintenance of
competence are recommended; however, the main role of
the pediatric surgeon is related to central venous access.

The large number of central venous access devices fall
into four broad categories: (1) percutaneously inserted
central venous catheters (PICCs), (2) non-tunneled
central venous catheters (CVCs), (3) tunneled CVCs (such
as Hickman or hemodialysis catheters), and (4) venous
port devices (Table 4.1). The type of central venous
access device used will depend on the requirements of
the individual child. The ideal position of the CVC tip
is contentious. The options include the superior vena
cava, the right atrium, and at the junction between
the two. Individual patient requirements, government
guidelines, manufacturer’s recommendations along with
institutional and personal experience and practice should
be taken into consideration when deciding the final
position. In general, our preference is for placement
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Table 4.1 Types of central venous access device.

Device Characteristics Advantages

Disadvantages Typical indications

Non-tunneled central Ease of insertion

venous catheter

Short, relatively stiff,
usually multiple-lumen
catheter

Single-lumen Hickman Relatively soft catheter
catheter rate

Multiple-lumen
Hickman catheter

Relatively soft catheter

Non-cuffed tunneled Small-caliber soft catheter Ease of removal

central venous with one or two lumens
catheter

Non-tunneled Large diameter catheter  Ease of insertion
hemodialysis catheter with offset lumens
Tunneled (permanent) Large diameter catheter
hemodialysis catheter with offset lumens infection rate
Central venous port

device

Subcutaneous port with

Peripherally inserted
central venous
catheter

with one or two lumens
of removal

Relatively low infection

Coadministration of blood Higher infection rate
with two or three lumens products, parenteral
nutrition, and drugs

Long lifespan, low
Even lower infection rate Requires needle access,

attached venous catheter than Hickman catheter

Small-caliber soft catheter Safe insertion without
general anesthetic, ease

High infection rate Short-term intravenous therapy,
pressure monitoring, ‘bridge
access' before longer lasting line
No possibility of
coadministration of
incompatible infusions

Total parenteral nutrition, low
intensity chemotherapy (e.g.
nephroblastoma)

Intensive chemotherapy protocols,
bone marrow transplantation

Higher rate of Short- to medium-term access
inadvertent removal and with reliable blood sampling
infection

Short lifespan, higher
infection rate

Short-term hemodialysis,
plasmapheresis, stem cell harvest
Higher incidence of
damage to vein

Long-term hemodialysis

Chemotherapy, conditions
longer scar than requiring regular transfusions of
Hickman catheter, visible blood products (e.g. hemophilia)
"port bump’ or antibiotics (e.g. cystic fibrosis)
Higher rate of Short- to medium-term access
inadvertent removal and (e.g. for antibiotic therapy)
occlusion

in the proximal right atrium. However, in line with
UK government guidelines, stiff catheters inserted
percutaneously are placed low in the superior vena cava,
outside the pericardial reflection.

Emergency intraosseous access and arterial cannulation
for monitoring are described below under Emergency
intraosseous venous access, but other vascular procedures
such as arterial access for diagnostic and therapeutic
purposes, endovascular surgery, and extracorporeal
membrane oxygenation are beyond the scope of this
chapter.

PREOPERATIVE

Assessment and planning

A specific history and clinical examination are imperative,
especially if there has been previous central venous
cannulation. This should include the proposed site of
insertion and exit site of the device and a search for stigmata
that suggest potential venous access difficulty, such as
multiple scars and dilated body wall veins. If such stigmata
exist, preoperative vascular imaging may be indicated.

For the purposes of central venous access, the central
veins may be defined as the superior vena cava (SVC),
the right atrium, and the suprahepatic inferior vena

cava (IVC). The choice of vessels in order of preference
should be determined in advance taking into account
factors such as previous cannulation, the presence of
other medical devices such as ventriculoperitoneal shunt
and tracheostomy, and the child’s skin condition. In
general, the right internal jugular vein (RIJV) is the best
site for central venous access. Other potential veins,
in the usual order of preference, are the left internal
jugular, external jugular, axillary, common femoral,
and subclavian veins. If ultrasound-guided puncture is
an option, this order may change and other veins, such
as the brachiocephalics, considered. Less conventional
methods, such as recanalization of occluded veins, the use
of small collateral veins, and transhepatic or translumbar
access to the inferior vena cava are occasionally required.
These should be undertaken by personnel skilled in
image-guided techniques and are outside the remit of
this text.

Consent should be taken by the operating surgeon or
a colleague with a clear understanding of the procedures
and devices involved, as well as possible complications.
Baseline blood tests should be performed and
hemoglobin, platelet levels, and coagulation parameters
optimized prior to surgery. With proper planning, most
of these procedures can be carried out on planned lists,
reducing risk to patients by a reduction of out-of-hours
operating.
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ANESTHESIA

Anesthetic experience should be appropriate to the
complexity of the child undergoing surgery. Postoperative
management may require intensive care facilities which
should be arranged in advance.

Anesthetic strategies for vascular access procedures
in children differ widely between centers. Intravenous
sedation may be used with good results. Our institutional
preference is for general anesthesia, but selected children
will tolerate central venous catheter insertion under local
anesthetic with or without an inhalational agent.

In the majority of cases, the airway is best secured by

PERCUTANEOUS CENTRAL VENOUS CATHETER
INSERTION IN THE INFANT VIA A PERIPHERAL
VEIN

1 In the small infant, percutaneous insertion of a fine
Silastic central venous catheter can be performed awake
(with oral sucrose) or with sedation. They are small, single
or dual lumen catheters (outer diameter 0.6—1.0 mm,
maximum crystalloid flow rate about 6 mL/min), and are
particularly useful in neonates where the need for venous
access is anticipated for a period of weeks. Blood sampling
is possible but may be slow and shortens the lifespan of
these catheters.

muscle paralysis and an endotracheal tube. A laryngeal
mask may be appropriate for some patients if muscle
relaxants are not used. Slight head down positioning
and continuous positive airway pressure are advisable
to reduce the risk of air embolus. Standard monitoring
includes oxygen saturation, end-tidal carbon dioxide,
temperature, blood pressure, and electrocardiography.
The airway must be monitored closely, especially each
time the position of the head is altered. Injection of local
anesthetic at the site of all incisions is recommended.
This should be done before incisions are made as it allows
for a lighter general anesthetic and eliminates the risk of
damaging the device following implantation.
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2a,b Popular insertion sites include the median cubital
vein at the elbow, the long saphenous vein anterior to the
medial malleolus, and the superficial temporal vein. For
supracardiac veins, the distance from the chosen insertion
site to the right nipple is measured as a guide to the length
of the catheter that should be inserted. Good nursing
assistance is essential. After antiseptic preparation of the
skin, venepuncture is performed with a 19-gauge butterfly
needle or other appropriate access device and the fine
Silastic feeding line is inserted into the needle and threaded
up the vein using fine non-toothed forceps. The progress
of the catheter may be interrupted at venous junctions,
but manipulating the limb will usually allow it to be
advanced further. Once inserted to the desired distance,
the butterfly needle is withdrawn and the line is connected
to the infusion system via an inner blunt metal cannula
and flushed with heparinized saline. Gentle suction on
a 2-mL syringe should allow blood to be aspirated if the
catheter tip lies in a large vein. The external catheter is
firmly secured with a small piece of gauze covered by a
transparent adhesive dressing. The position of the catheter
tip should be confirmed radiologically. It is usually visible
on a plain film with magnification, but it is easier to see if
0.5 mL of intravenous contrast material is injected prior to
the chest radiograph.

2a
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Peripherally inserted central venous catheters

3a,b PICCs are single- or dual-lumen catheters typically
made of silicone elastomer or polyurethane. They range in
size from 2 Fr (0.67 mm) to 6 Fr (2.0 mm). Some PICCs
have valves at the tip or hub, to prevent reflux of blood
into the catheter. Although they are intended for short- to
medium-term use (from 1 week to a few months), they are
occasionally left in for much longer. Upper limb veins are
generally used for PICCs, and many are inserted without
image guidance. Imaging with ultrasound may, however,
be required to gain access to a suitable vein, and the use of
fluoroscopy significantly improves the chance of achieving
a suitable final catheter tip position. The procedure is
easier to perform in older children with larger cephalic
and basilic veins. In certain circumstances when a short
duration catheter is required, a device of this type may be
used as a tunneled central venous catheter. The advantage
over cuffed catheters is that it is easy to remove without
sedation or anesthesia. For peripheral access, the arm
is stabilized on a support board. Standard, sterile skin
preparation is carried out and a local anesthetic injected
after selection of an appropriate entry site to the basilic
or cephalic vein, usually above the elbow. The vein is
punctured with a 21-gauge needle or 22-gauge cannula.
Aspiration of blood confirms successful puncture. A 0.018-
inch (0.46-mm) guidewire is then advanced into the vein. If
resistance is felt at this point, the needle or cannula should
be repositioned (it is usually too far in). An appropriately
sized PICC is selected. The needle or cannula is removed
and a peel-away sheath of diameter just sufficient to accept
the PICC is advanced over the guidewire. The guidewire
should be fixed relative to the patient, and pressure applied
over the puncture site as this is done. The guidewire and
the dilator of the peel-away sheath are then removed, and
the PICC inserted into the sheath. It is usually easier to
advance the PICC to a central position if its stiffening wire
is left in. In certain places, especially near the termination
of the cephalic vein in the deltopectoral groove, it may be
easier to fix the stiffening wire and advance the PICC over
it, unsupported. When the tip lies in the low superior vena
cava or upper right atrium, the peel-away sheath is split
and removed, aspiration of blood is confirmed, and the
catheter is flushed with normal saline. It is then sutured
to the skin, and a transparent occlusive dressing applied.
When no suitable superficial vein is available, ultrasound-
guided puncture of a brachial vein (vena comitans of the
brachial artery) is usually successful.

Non-tunneled (percutaneous) CVC insertion

These short catheters, designed for insertion directly over
a guidewire, include temporary hemodialysis catheters.
Non-tunneled catheters are usually intended for short-
term use (<10 days), because of the high rate of infection

Cephalic vein

Basilic vein —

3a

3b

when they are left in for longer than this. Most of
these lines are inserted using a percutaneous technique
based on anatomical landmarks. Ultrasound guidance is
recommended and increasingly being used for these and
other CVC insertions.
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Tunneled CVCs

43,b These are intended for medium- to long-term
venous access. There are two main types. Hickman and
similar catheters have single or multiple lumens, a size
range of 2.7-12 Fr, and a tissue in-growth cuff made of
Dacron, which lies in the subcutaneous tunnel. The cuff
is intended to reduce the risk of ascending infection and
inadvertent removal. Hemodialysis catheters are similar,
but have two lumens with offset openings at the tip,
to prevent recirculation of blood during hemodialysis.
The techniques for the insertion of these catheters are
described below.

OPEN INSERTION OF TUNNELED CVC
Internal jugular vein

5 The patient is positioned supine. A radiolucent pad
(preferably inflatable) is placed under the scapulae
and the head is turned slightly to the contralateral
side. Alternatively, a soft roll may be utilized. Loupe
magnification is an asset, particularly in infants and small
children. After thorough skin preparation of the operative
field, including the planned catheter exit site, the ipsilateral
nipple and the neck, the drapes are secured with adhesive
plastic or sutures.
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6 A short skin crease incision is made 1-2 cm above the
clavicle, overlying the diverging clavicular and sternal
heads of the sternomastoid. The incision is deepened
through platysma and the cervical fascia. The two heads
of the sternomastoid are separated by blunt dissection.
Small retractors are inserted to facilitate exposure of the
internal jugular vein. Picking up and incising the fascia
investing the internal jugular vein makes subsequent
dissection easier. Using a Mixter, blunt right-angled
forceps, a plane is developed on either side of the vein
and the instrument is passed around the vein once a clear
window has been established. A thin Silastic vessel loop
is used to sling the vein. With this as a gentle retractor, a
second vessel loop can be passed and a 1-2 cm length of
vessel exposed between the slings. The retractors can be
removed and the slings relaxed while the catheter tunnel
is created.

7 Various exit sites over the chest wall are possible but
in girls, the developing breast and strap lines should be
avoided. A small skin incision is made and a track of
sufficient size to accommodate the catheter is developed
using a hemostat. Local anesthetic from a syringe without
a needle is injected into the track. Either a blunt tunneling
rod to which the catheter is attached or a hollow tunneler
is used to pass the catheter to the cervical wound. Soaking
the Dacron cuff with aqueous antiseptic may be useful. It
is then positioned about 2 cm from the exit site in order
to facilitate future line removal. The distal catheter is cut
to length with the tip beveled. On the right, the distance to
the mid-right atrium is estimated by a point just above the
nipple line and on the left, just below.

The prepared section of vein is elevated between the two
slings by the assistant. Using fine non-toothed forceps and
microvascular scissors, a short venotomy is made. This
commences with the decisive use of the scissors to make a
very small initial incision. This is followed by insertion of
the closed scissor tips into the venotomy to widen it until
it is equal to the external diameter of the catheter. The
beveled catheter tip is now introduced into the vein with
the aid of two non-toothed forceps. The assistant gently

relaxes the lower sling to allow distal passage of the catheter
and then tightens it to prevent back bleeding. The catheter
should pass freely and, once inserted, free bidirectional
flow should be confirmed. If required, the venotomy is
closed around the catheter with 6/0 polypropylene vascular
sutures, care being taken to avoid narrowing the vein.
Hemostasis is checked with the slings relaxed. A purse-
string suture around the catheter should be avoided as this
may result in shearing of the vein upon removal.
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8 The position of the catheter is checked using fluoroscopy.
Allowance should be made for the radiolucent pad which
when removed results in advancement of the catheter tip.
Suboptimal positions resulting from anatomical variation
or wrong catheter length should be corrected (e.g. left-sided
SVC). The sternomastoid muscle is loosely approximated
with an absorbable suture and the cervical wound is closed
in two layers using a fine absorbable subcuticular suture.
A topical biological skin glue and an adhesive dressing is
an acceptable alternative. The catheter exit site incision is
approximated around the catheter with a 4/0 monofilament
suture and firmly tied without compression to the catheter
to aid fixation. The catheter is flushed with heparinized
saline (10 units/mL heparin). The exit site is dressed with
gauze and a transparent adhesive plastic dressing. Adhesive
tape is also used to secure the external part of the catheter,
which should be looped to ensure that any pull on it does
not result in direct traction to the line at the exit site. Unless
soiled, the dressing is changed after 1 week.

Stay sutures holding
open fibrin sheath

VEIN REUSE

9 When indicated for mechanical failure in a tunneled
central line that has been in place for weeks or more,
the open exchange of a CVC provides very satisfactory
results. The technique involves palpation of the old CVC
just below the level of insertion into the RIJV, dissection
onto the catheter, careful incision of the pericatheter fibrin
sheath and control with fine stay sutures. At this stage, a
new CVC (same size or smaller than the old), is tunneled
via a fresh site, beside the old catheter in the neck and cut
to length. With an assistant keeping the sheath open with
gentle traction on the stay sutures, the surgeon removes
the old line and immediately replaces it with the new. The
final position is confirmed on screening and adjusted if
required. The technique is simple and reliable. Its main
drawback is that it cannot be used to increase the size of
a catheter.

Alternative sites

Usually, the external jugular vein is easily visible and
requires minimal dissection. It may provide a very useful
alternative to the internal jugular vein; however, its use
is limited by the caliber of the vein and the occasional
difficulty of negotiating the junction with the subclavian
vein.
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10 The long saphenous vein is approached by a short
transverse incision 1cm below the groin skin crease,
medial to the femoral artery. The vein is controlled with
fine vessel loops. The catheter tip is positioned in the right
atrium and the exit site, the lateral abdomen.

The femoral vein is especially useful for short-term access,
but may also be used as a route for long-term catheters. The
axillary vein is easily approached by an axillary incision and
dissection, but size can be restricting. The common facial
vein is a large anterior tributary of the internal jugular vein
in infants that may be entered midway between the angle
of the mandible and the clavicular head.

The cephalic vein is accessed in the deltopectoral groove,
but tends to be small in young children. In some children who
have required repeated, chronic venous access complicated
by central vein thrombosis, other routes that can be used
include the azygos, epigastric, iliac and renal veins, the inferior
vena cava, and the right atrium. In these difficult cases,
preoperative and intraoperative image guidance is advisable.
Percutaneous techniques may avoid major dissection.

11b

10

Ports

11a,b Totally implantable vascular access devices or
‘ports’ have a catheter connected to a small reservoir, which
is implanted subcutaneously. A thick silicone membrane
forming the roof of the port can be repeatedly injected
percutaneously using a 22-gauge side-fenestrated, non-
coring (Huber) needle. The ports are made from stainless
steel, titanium, or hard plastic and are available in different
shapes and sizes. Those with a preconnected catheter are
easier to insert. One variety is designed to be implanted in
the arm with central venous access through a peripherally
inserted catheter. Because they have no external catheter,
port devices have certain advantages over tunneled CVCs.
In particular, they are less likely to require removal for
infection, they cannot be accidentally removed, and they
allow for activities such as swimming. They are therefore
preferable for most children who require only intermittent
(e.g. weekly) access, including those with hematological
diseases and cystic fibrosis. They are less appropriate in
children who cannot tolerate regular needle access, or who
require continuous access, for example those who will
need intensive chemotherapy or parenteral nutrition.



36 Vascular access

12 At the predetermined reservoir site, which must be
easily accessible and rest on a firm surface, such as the
anterolateral chest wall, the skin incision is deepened
with diathermy. Hemostasis must be meticulous. A
subcutaneous pocket is developed beneath the superficial
fascia in such a way as to avoid placing the port directly
under the skin incision. Placement of the port above
rather than below the incision may reduce the impact of
wound-related problems on port and line function. Before
implanting the port, it is helpful to place non-absorbable
sutures through the muscular fascia and the circumference
of the port; when tied, these provide three-point fixation
of the device. The catheter must be tunneled from the
reservoir pocket to the site of venous access, such as the
internal jugular vein in the neck. The port is flushed with
saline, ensuring there are no kinks in the catheter. The
distal catheter is cut to length (see above) and inserted by
a cut-down or percutaneous technique. After confirming
the catheter tip position by fluoroscopy, the port is flushed
with heparinized saline and the skin incision is closed in
two layers with an absorbable subcuticular skin suture.

Each injection must access the port vertically through
the center of the silicone diaphragm such that the needle
touches the base plate. As the needle is withdrawn, the
port should be held in place and positive injection pressure
applied to prevent reflux or blood into the catheter.
A careful aseptic injection technique must always be used
and the system flushed periodically.

Removal

Most cuffed external catheters and all ports require a
short general anesthetic for removal. With the former,
the Dacron cuff can usually be dissected free with a
hemostat and fine scissors via the exit site incision, which
is then closed with absorbable sutures, skin tapes, or
biological glue.

Ultrasound-guided insertion of central venous
catheters

The use of real-time ultrasound guidance makes central
venous access easy, quick, and safe in all but the most
difficult cases. Potential advantages over surgical placement
of central lines include a very high success rate at the first
site attempted, a good cosmetic result because of the
short puncture site incision, a short procedure time, and
virtually no need for preoperative imaging in children who
have had multiple central veins accessed in the past.
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EQUIPMENT

13a,b A high-frequency (=7 MHz) linear-array transducer
is appropriate for the majority of punctures. In very small
patients, a small ‘hockey stick’ transducer is a useful
tool. The transducer is placed in a sterile probe cover for
operative use.

14c¢
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14a—=c In children weighing less than 10 kg, a 21-gauge
one-part needle or 22-gauge cannula should be used for
central venous puncture. These devices accept a 0.018-
inch (0.46-mm) guidewire. The best guidewires have a stiff
shaft and a short floppy tip. The stiff part of the wire is
necessary to allow insertion of a peel-away sheath. In larger
children, a wider (19- or 18-gauge) needle permits the use
of a thicker guidewire, making insertion of the peel-away
sheath easier. The percutaneous insertion of tunneled
catheters requires the use of a peel-away sheath. These are
available in a wide range of sizes. Although the stated size
of a sheath is equal to the diameter of a catheter that can be
introduced through it, this should be checked in advance,
as it is sometimes necessary to use a sheath 0.5 Fr larger
than the catheter.
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INSERTION TECHNIQUE

15a—c Ultrasound is used to assess the available vessels
and select one for access. The site of first choice is the right
internal jugular vein. Skin preparation and draping is as
described for open insertion. A trajectory for puncture is
established using a 23-gauge needle attached to a syringe.
The needle stops short of the vein wall. A small amount
of local anesthetic is infiltrated as the needle is withdrawn
and a skin crease stab incision made at the point of skin
entry of the trajectory needle. This is widened slightly with
a hemostat. We recommend tunneling the line (and when
indicated, creation of a subcutaneous port pocket) at this
stage. The line is introduced from the ‘exit’ site, along the
track and out via the stab incision in the neck and wrapped
in antiseptic-soaked gauze. The needle for vein puncture
is attached to a syringe, and inserted at the medial end
of the small cervical incision, taking care not to damage
the catheter. There are two methods of puncturing the
vein. In the first, the needle is advanced along the line of
the vein, puncturing its anterior surface, with the probe
held perpendicular to the needle and vein. The second
method may be better for tunneled catheters and is our
preferred technique: the anterolateral surface of the vein
is punctured with the probe held in the same plane as

Linear probe

the needle. In either case, it is important to puncture the
vein with a sharp, stabbing motion to ensure that the tip
of the needle enters the lumen of the vein with the bevel
pointing downwards. The needle should be seen to move
freely in the lumen, without a ‘tent’ of intima over the tip,
and venous blood should aspirate freely. It is easy to create
a subintimal hematoma if care is not taken at this stage.
Inadvertent puncture of the opposite wall of the vein is
usually not a problem, as the needle can be withdrawn into
the lumen with ultrasound guidance. Once in the center
of the vein, the angle of entry of the needle may be altered
slightly so that it is pointing centrally. The guidewire is
advanced into the vein, and its position confirmed by
fluoroscopy. If it is easy to pass the guidewire through the
right atrium and down the inferior vena cava, this should
be done, as it makes insertion of the peel-away sheath easier
and safer. Following removal of the needle, the peel-away
sheath is advanced over the guidewire under fluoroscopic
control. It is crucial to fix the guidewire (relative to the
patient) at this stage. If this is not done, the dilator of the
peel-away sheath may cause serious damage to the superior
vena cava or heart. Catheter length can be determined as
previously described by measurement against the nipple.
Alternatively, fluoroscopy can be performed with the
catheter on the anterior chest wall, projected over the
peel-away sheath. If the catheter is cut at the T7 level,
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its tip will lie in the upper right atrium. The guidewire
and the dilator of the peel-away sheath are removed.
Mechanical ventilation with positive end-expiratory
pressure effectively prevents air entering the peel-away
sheath at this stage, but great care should be taken to avoid
air embolism if the patient is breathing spontaneously. The
catheter is advanced through the sheath, which is then split
and removed. The position of the catheter tip is confirmed
with fluoroscopy and adjusted if necessary. The catheter is
flushed with heparin (10 units/mL) and sutured to the skin
at the exit site. The cervical puncture can be closed with a
subcuticular suture or tissue glue and adhesive tape. With
minor modifications, this technique can be used at other
sites or with other systems such as venous port devices.

16

15¢

EMERGENCY INTRAOSSEOUS VENOUS ACCESS

16 This route provides immediate vascular access during
life-threatening emergencies in young children when rapid
venous access cannot be achieved (cardiac arrest, shock,
burns, and trauma). Contraindications include fracture or
infection near theinsertionssite. After antiseptic preparation,
the skin is punctured with a scalpel blade. The intraosseous
needle is inserted into the medullary cavity of the proximal
tibia through the middle of its flat anteromedial surface,
1-3 cm below the medial tuberosity (depending on the
size of the child). The infusion needles (14- to 18-gauge)
have an inner occluding stylet designed to facilitate bone
penetration and should be inserted almost perpendicularly
to the bone, but angled slightly away from the growth
plate. Upon entering the marrow cavity, the resistance
suddenly decreases. The needle should then stand firmly
in the bone. It should be possible to aspirate bone marrow
or flush the needle easily without extravasation. The needle
flange is adjusted to skin level and taped in position. The
patient’s leg should be restrained with a support behind
the knee. Crystalloids, blood products, and drugs can be
infused, but blood sampling may occlude the needle.

The infusion needle should be removed once suitable
conventional access has been obtained if potential
complications (extravasation, compartment syndrome,
fractures, osteomyelitis, fat embolism) are to be avoided.
The distal femur and distal tibia are alternative sites.
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ARTERIAL PUNCTURE AND CANNULATION

Intra-arterial access is used to provide continuous
monitoring of systemic arterial blood pressure and to enable
repeated arterial sampling for blood gas measurements.

17a—e The radial artery is the preferred site for both
percutaneous and cut-down cannulation. The presence of
adequate collateral flow must first be checked by the Allen
test; both arteries are occluded at the wrist and after releasing
the ulnar artery alone, the hand should flush pink (most
hands have an ulnar dominant palmar arch). Alternatively,
a Doppler ultrasound study may be performed. A small roll
is placed under the supinated, extended wrist and the palm
is taped to a padded surface, keeping the fingers exposed in
order to assess the distal circulation. The skin is cleaned with
antiseptic and a small quantity of local anesthetic is injected
subcutaneously over the radial artery just proximal to the
transverse crease at the wrist. The skin is punctured with a No.
11 scalpel blade and a 22- or 24-gauge Teflon cannula with a
needle stylet is selected according to the size of the child. The
artery position is verified by palpation. Two techniques are
used. In the first, the needle and Teflon cannula are advanced
at about 30° to the skin until a flashback of blood is seen. In
the transfixion method, the artery is transfixed by the needle
and cannula. The needle is then removed and the cannula
is gently withdrawn until arterial blood appears when it is
advanced up the artery lumen.

Ul a.
N8 Radial a.
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In the cut-down technique, a small transverse incision over
the artery allows the vessel to be punctured and cannulated
under direct vision, with the option of proximal and distal
vessel control. The catheter hub is sutured in place and the
skin is sutured around the cannula.

Arterial cannulas require continuous perfusion with
0.5-1.0 mL/hour heparinized saline. Because of the risk of
serious complications (ischemia, embolism, hemorrhage,
sepsis), arterial access requires an even higher level of
vigilance and should be used for the shortest possible time.
The cannula should be removed if signs of digital ischemia
develop. Alternative sites for arterial access include pedal,
umbilical, femoral, brachial, and axillary arteries, but
complications are more frequent than with radial artery
cannulas.

Peripheral artery cannulation is not feasible in some sick
infants who require intensive monitoring and umbilical
artery cannulation may be required. If arterial and venous
cannulation are necessary, it is recommended that arterial
access (the more difficult) is carried out first. Arterial
cannulation is described, but the principles are similar for
venous access.

White tape under moderate tension is applied to control
the cord at its base. The cord is cut with a No. 15 scalpel
about 1 cm from skin level. The two thick-walled umbilical
arteries and the one thin-walled vein are identified. A
fine non-toothed forceps is introduced closed into the

Table 4.2 Complications of central venous access.

selected artery and opened gently to achieve dilatation.
A preprepared and flushed catheter is grasped close
to the tip using another pair of forceps and advanced
into the umbilical artery, gently but firmly in a caudal
direction. The catheter is thereby guided into the aorta
via an internal iliac artery. Ready bleeding should be seen
and a predetermined position aimed for and confirmed
radiologically. In the ‘low position’, the catheter tip is just
above the aortic bifurcation, while in the ‘high position’ it
is just above the level of the diaphragm.

POSTOPERATIVE CARE

The postoperative care of CVCs is crucial to longevity
and optimal function. Tunneled CVCs should be looped
then secured with occlusive, transparent dressing. This
ensures that distal traction is not directly transmitted to
the line at the exit site. The development of dedicated
teams and carefully defined protocols that cover aspects of
management, such as frequency of flushing, line handling
techniques for sampling and infusions, has also helped
to reduce complications. If well cared for, the majority
of catheters last the duration of the planned course of
treatment. However, complications which may shorten
this duration are well recognized and are summarized in
Table 4.2.

Timeline Complication Prevention Management
Immediate  Pneumothorax Avoid blind procedures Chest drain
Hemorrhage Meticulous technique Digital pressure, vein repair
Air embolism Positive pressure ventilation Patient positioning, resuscitation
Arterial puncture Avoid blind procedures Digital pressure
Cardiac arrhythmia Fix guidewire Remove irritation, carotid massage, adenosine
Malposition Intraoperative fluoroscopy Line revision
Early Accidental removal Secure exit site suture, loop catheter Line replacement
Catheter-related sepsis Meticulous aseptic technique for insertion ~ Antibiotic therapy, catheter removal
and subsequent line access
Chest wall hematoma Check and normalize coagulation parameters Pressure dressing
preoperatively
Cardiac tamponade Site stiff percutaneous catheters in low SVC  Pericardiocentesis, pericardiotomy
Delayed Catheter-related thrombosis ~Site catheter tip in upper right atrium, flush  Conservative management, anticoagulation,

Extravasation
Port-catheter separation
Catheter migration
Catheter fracture

regularly

Use of preconnected catheter
Site catheter tip in upper right atrium
Gentle handling and careful removal

thrombolysis

Urgent exchange

Catheter revision

Fluoroscopic catheter retrieval of embolized
fragments

SVC, superior vena cava.
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INTRODUCTION

1, 2 A ranula is a mucocele arising in the floor of the
mouth, secondary to obstruction of the salivary ducts of
the sublingual glands. The term ‘ranula’ is derived from
the Latin roots rana (frog) and ulus (small). The simple
ranula, confined to the sublingual space, is a true cyst with
an epithelial lining. ‘Plunging’ ranulas present as masses
involving the submandibular triangle or other neck spaces,
resulting from extravasation of mucous and a consequent
inflammatory response. The cervical component of a
ranula is a pseudocyst lined by granulation or connective
tissue without a true epithelial lining which may extend
deeply into the soft tissues and fascial planes of the
neck without respect for tissue planes. Ranulas may be
congenital or acquired, and a simple ranula may develop
into a plunging ranula after initial attempts at treatment.
Ranulas are remarkable for the diversity of approaches to
their treatment, which has led to some controversy in the
literature.
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ANATOMY

The sublingual glands are almond-shaped structures
located in the floor of the mouth, covered by mucosa in
continuity with the mucosa of the ventral tongue and
the gingiva of the mandible. The reflection of mucosa
over the sublingual gland creates a fold known as the
plica sublingualis on each side of the lingual frenulum.
There may be several detached lobules of the sublingual
gland, each with its own small duct that directly drains to
the floor of the mouth. These small ducts are known as
accessory ducts or ducts of Rivinus, some of which join to
form the predominant sublingual duct (Bartholin’s duct).

The floor of the mouth is supported by the mylohyoid
muscle with contribution from the geniohyoid muscle.
The submandibular duct, also known as the submaxillary
or Wharton’s duct, terminates into the sublingual
caruncle, located on either side of the midline frenulum
of the tongue. The sublingual ducts may drain into the
submandibular duct, through the sublingual caruncle, or
into the oral cavity at the plica sublingualis.

The main portion of the submandibular gland is located
superficially in the submandibular triangle, the suprahyoid
part of the anterior cervical triangle. A small deep or
oral portion of the submandibular gland and its duct
are found deep to the mylohyoid muscle, between the
mylohyoid and the genioglossus and hyoglossus muscle.
The oral portion of the submandibular gland is in close
relationship to the sublingual gland, which may lead to
the mistaken impression that a ranula is arising from
the submandibular gland. Dehiscences in the mylohyoid
muscle will allow the sublingual gland to herniate through
into the submandibular space. Incisions through the floor
of the mouth mucosa enter into the paralingual space,

which contains the lingual nerve, the submandibular duct,
and the sublingual glands, and is continuous with the
submandibular space.

ETIOLOGY

Asunderstood by contemporary authors, ranulas uniformly
arise from the sublingual glands; the submandibular gland is
not directly involved in their development. The sublingual
gland produces saliva of high protein content, and
secretion is constitutive; in contrast, the secretory activity
of the submandibular gland increases in response to eating.
The amount of fluid in a ranula reflects a balance between
the continuous flow of mucous from the sublingual gland
and the clearance of extravasated mucous by macrophages
which are recruited in the inflammatory response and
lymphatic drainage. Granulation tissue and fibrous tissue
developing in response to inflammation may restrict the
extravasation and seal the leak. Surgical treatment must
address the primary pathology of impaired sublingual
gland drainage; excision of the entire cervical pseudocyst
portion is not necessary. Plunging ranulas may extend
into other cervical triangles and mimic other lesions, such
as macrocystic lymphangiomas. Ranulas may result from
any type of traumatic or iatrogenic injury to the sublingual
gland or its ducts, such as dental implants, sialoendoscopy
procedures, frenulectomy, or submandibular duct
rerouting procedures for the management of sialorrhea.
Ranulas may be surgically induced in experimental animals
by ligation of the sublingual duct. Finally, ranulas and oral
mucoceles have been reported as the first presenting sign
of HIV (human immunodeficiency virus) infection in
patients from endemic regions.

EVALUATION

3 Imaging may be useful to diagnose the extent of a
ranula and to confirm the diagnosis. Ranulas appear
sonographically as hypoechoic (cystic) masses with
internal echoes, and herniation of the sublingual gland
through a dehiscence in the mylohoid muscle may also
be seen. Computed tomography is chiefly useful for
evaluation of plunging ranulas to rule out other etiologies,
and will typically show extension into the sublingual and
submandibular spaces. Magnetic resonance imaging will
show high signal on T2-weighted images.

The presence of amylase in aspirated fluid contents will
confirm the diagnosis of ranula, but is not typically
necessary. Sialoendoscopy has recently been used to
diagnose and treat salivary stones and other obstructive
lesions of the parotid and submandibular glands; while
ranula is a known complication of sialadenoscopy, a role
for sialadenoscopy in the evaluation and management of
ranula has not been established.
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DIFFERENTIAL DIAGNOSIS

Lymphangiomas (cystic hygromas) of the neck may
involve the floor of the mouth, extending from the
submandibular space or tongue into the floor of the mouth
region, characterized by a verrucous appearance of the
oral mucosa. Other intraoral masses include congenital
cysts unrelated to the sublingual gland or solid lesions
such as dermoids. Neoplasms of the salivary glands,
such as pleomorphic adenoma, are rare in children.
Submandibular sialadenitis may result from stones in the
submandibular duct and may require surgical excision of
the gland. Thyroglossal duct cysts and branchial cleft cysts
are usually readily distinguishable from ranulas, as neither
typically involve the submandibular triangle.

TREATMENT

A wide variety of treatments have been reported for
ranulas. With few exceptions, most reports consist of
small case series. Simple incision and drainage is no longer
advocated due to a very low success rate. Options include
marsupialization, intraoral excision with or without
sublingual sialadenectomy, or combined intraoral and
cervical approaches.

Marsupialization involves unroofing the cyst, draining
out the fluid, and either suturing the edges or using cautery
to ensure that the cavity walls heal in an open fashion.
Using a gauze pack to add positive pressure is thought to be
more successful than simple marsupialization alone. Some
authors advise packing with drainage for as long as 3 weeks,
using antibiotics for 3 days, even for plunging ranulas.
Lasers have also been used for marsupialization, with the
goal of inciting sufficient fibrosis to prevent the edges from
healing over and allowing reaccumulation of mucous.
However, it is uncertain whether the laser provides sufficient
advantages to justify the increased expense and risk.

The consensus in the current literature recommends
excision of the sublingual gland to mitigate against
recurrence. A prospective randomized clinical study
of children with intraoral ranulas found a substantial
recurrence rate after marsupialization with suturing of
edges, compared to no recurrences in the sublingual
sialadenectomy group. If the lesion arises from accessory

lobes of salivary gland tissue distinct from the main
sublingual gland, excising only the portion of the gland
involved in the ranula may be sufficient. Simple intraoral
excision of the cyst may be adequate for well-encapsulated,
small lesions. Most authors would agree with removal of
the sublingual gland at the time of salvage surgery if an
initial conservative attempt fails.

For plunging ranulas, external approaches are still
frequently used, although controversial. While most agree
that the sublingual gland, rather than the submandibular
gland, is the source of the ranula, the submandibular gland
may develop post-obstructive sialadenitis if the function
of its duct is compromised. Notably, ranula-like lesions
involving the floor of the mouth, pterygomaxillary fossa
and parapharyngeal space have been reported to occur
after removal of an ipsilateral submandibular duct stone.
Many authors suggest that it is not necessary to remove
the entire pseudocyst wall of the ranula, because the
wall consists of granulation tissue that will resolve once
extravasation of mucous has ceased. Others advocate an
external approach if the initial intraoral approach fails,
as a cervical incision will provide excellent access to the
submandibular triangle and facilitate identification of the
lingual and hypoglossal nerves.

OK-432 (Picibanil) is a sclerosing agent which has been
used for the treatment of ranulas in adults and children.
OK-432 consists of a mixture of streptococcal antigen
and benzylpenicillin, with demonstrated efficacy in the
treatment of lymphangiomas. Using fluoroscopic guidance,
the cyst is punctured, and its contents are aspirated. An
equivalent volume of dilute OK-432 is injected into the
cyst, which incites an inflammatory response, in some
cases obviating the need for surgical excision. Success rates
with OK-432 averaged 73 percent for oral ranulas and 59
percent for plunging ranulas. Postoperative fever, swelling,
and odynophagia are common sequelae and up to five
treatments may be necessary.

Spontaneous regression has been reported and some
authors suggest deferring surgery until the lesion has been
present for five months. Watchful waiting for up to six
months may also be appropriate for ranulas occurring
after surgical trauma or in cases of apparent recurrence.
Postoperative imaging may demonstrate persistent
subclinical accumulation of small amounts of extravasated
mucous.
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OPERATIVE PROCEDURE

4a-d In pediatric patients, general anesthesia with
endotracheal intubation is advisable. Nasal intubation is
an option but not strictly necessary, as an orotracheal tube
may be taped off to the opposite side. If the endotracheal
tube is uncuffed, a hypopharyngeal pack may be used.
Either a mouth gag, such as a Jennings type, can be used, or
retraction may be provided by an assistant using a Weider
or Army-Navy retractors. It may be useful to place a silk
suture through the tip of the tongue to aid in retraction,
releasing tension intermittently to avoid tongue edema.
Cannulation of the ipsilateral submandibular duct with a
lacrimal probe is useful to identify and protect it.

Local anesthestic such as 1 percent lidocaine with
1:100000 epinephrine is infiltrated into the mucosa over
the submandibular gland duct and the sublingual glands.
The mucosa is incised with monopolar cautery along the
anterior border of the submandibular duct. Placing stay
sutures prior to incision may help to maintain visualization
of the cyst itself, which is often very thin-walled. Excising
a small ellipse of normal mucosa may be advisable rather
than attempting to deliver the sublingual gland and the
ranula through a mucosal incision. In revision cases
with extensive scarring, an incision in the gingival sulcus
with elevation of a full-thickness flap of mucoperiosteum
from the lingual surface of the mandible to the floor
of the mouth may be useful to avoid lingual nerve and

hypoglossal nerve injury. The sublingual gland is dissected
free from the submandibular duct, identifying the lingual
nerve which is intimately associated with the duct. The
intraoral incision is closed loosely with absorbable sutures.

The cervical fluid collection is drained from the
intraoral approach without the need to excise the entire
pseudocyst walls. Some authors describe placing a suction
drain in a retrograde fashion, from the sublingual and
submandibular space out through a small cervical incision,
to provide postoperative drainage. For external approaches,
a standard procedure for excision of the submandibular
gland is utilized, identifying and preserving the lingual
and hypoglossal nerves, and ligating the submandibular
ganglion and the submandibular duct, while preserving the
marginal mandibular nerve.

Postoperatively, the patient is allowed to resume a
regular diet. Oral rinses after meals may be implemented in
older children able to cooperate. Some authors recommend
gavage feeds rather than feeding from a nipple in infants,
and avoiding pacifier use. For external approaches or
plunging ranulas, use of a suction drain through a cervical
incision is recommended.

Antibiotics may be administered as a single perioperative
dose; however, many authors use a short postoperative
course of oral antibiotics, particularly if a drain or packing
is in place. Some surgeons encourage the use of lemon
drops or other sour candies and fruits to stimulate the
secretion of saliva.
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4c

COMPLICATIONS

4d

FURTHER READING

The most common complication is recurrence of the ranula
with persistent or intermittent swelling. Surgical intervention
may compromise the function of the submandibular
duct or other sublingual ducts. Other risks of surgical
intervention include lingual nerve injury resulting in tongue
hypoesthesia, postoperative edema or hematoma, and
infection. Less commonly, there is injury to the hypoglossal
nerve or marginal mandibular nerve, which are more at risk
from external cervical than intraoral approaches. However,
traction injury to the marginal mandibular nerve may occur
due to persistent intraoperative retraction.

CONCLUSION

Ranulas are benign lesions which may present challenges
in treatment. Marsupialization with or without packing
may be appropriate for small intraoral lesions. For both
plunging and oral ranulas, excision of the ipsilateral
sublingual gland and simple drainage is recommended.
Complete excision of the pseudocyst wall is not necessary.
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Thyroglossal cyst and fistula

LEWIS SPITZ and PAOLO DE COPPI

HISTORY

The thyroglossal duct was first described in 1723 by Vater,
who called it the ‘lingual duct’. It was later referred to as the
‘canal of His’ following his descriptions in 1855 and 1891.

PRINCIPLES AND JUSTIFICATION

Development of thyroid gland and thyroglossal
tract

The thyroid gland develops as a median thickening of the
floor of the pharynx at the level of the second branchial
arch (tuberculum impar), during the fourth week of
gestation, and descends to its final position in the neck,
leaving the thyroglossal duct extending caudally from the
foramen cecum of the tongue to the pyramidal lobe of the
gland, passing anterior through or posterior to the hyoid
bone. The lateral lobes of the gland receive contributions
from the fourth branchial clefts, which form the medullary
C cells. Early in the fifth week of gestation, the attenuated
duct loses its lumen and shortly afterwards breaks into
fragments. Thyroid remnants may be found along the
course of the thyroglossal duct.

Thyroglossal cysts

Thyroglossal cysts, the most common anterior cervical
swelling in children, most frequently arise just inferior
to the level of the hyoid bone. Occasionally, the duct
deviates anterosuperiorly once it has passed the hyoid
bone, giving rise to a thyroglossal cyst in the submental
triangle, where it may be mistaken for a dermoid cyst.
Although dermoid cysts may occur below the hyoid
bone, they are more common in the submental triangle

and can be distinguished from thyroglossal cysts by their
softer, ‘putty-like’ consistency. Very occasionally, aberrant
thyroid glandular tissue is found along the course of the
thyroglossal duct.

Thyroglossal fistulas

A thyroglossal fistula usually results from rupture or
incision of an inflamed thyroglossal cyst. The fistulous
opening is usually at the level of the original cyst, but may
appear lower down in the neck.

PREOPERATIVE

Assessment and preparation

In thyroid hypoplasia, a small central area of aberrant ectopic
thyroid tissue may be mistaken for a thyroglossal cyst, and
it is recommended that the precise location of the thyroid
gland is determined, using isotope scanning or ultrasound
examination, before undertaking surgery, as removal of the
aberrant tissue may result in permanent hypothyroidism.
The incidence of such aberrant tissue is, however, low
(about 1 percent of all thyroglossal abnormalities) and it is
easily recognizable when the lesion is exposed.

Occult staphylococcal infection is common in these cysts
and perioperative antibiotic cover using a penicillinase-
resistant agent, such as flucloxacillin or fusidic acid, is
usually indicated.

Anesthesia

General anesthesia using an orotracheal or nasotracheal
tube is recommended.
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OPERATIONS

Excision of thyroglossal cyst

The aim of surgery is to remove the entire duct, including
the central part of the body of the hyoid bone, to the level of
the foramen cecum. Because side branches may arise from
the duct within the muscles of the tongue, the intraglossal
part of the duct should be removed with a surrounding cuff
of muscle approximately 0.5 cm in diameter. Complete
excision is essential to prevent recurrence and eliminate

INCISION

1 A short (usually less than 3 cm) transverse incision is
made in a skin crease over the main prominence of the
cyst. Some authors recommend infiltration of the skin with
epinephrine (adrenaline) to reduce bleeding.

' ¢ L . 4 i N
w3 Vi a -
; /f 3

i

/MR
T

N

the risk of malignant degeneration. All thyroglossal cysts,
however small, should be excised to avoid the risk of
infection, which makes subsequent surgery more difficult,
morbidity and recurrence rates higher, and cosmetic
results less satisfactory. The operation may be performed
on a day-case basis provided meticulous hemostasis has
been achieved.

POSITION OF PATIENT

The patient is placed supine with the head extended and
the shoulders elevated on a small sandbag.

2 The subcutaneous fat, platysma, and deep cervical fascia
are incised in the line of the incision with a diathermy
needle and the cyst is freed from its superficial attachments
by a combination of sharp and blunt dissection. Meticulous
hemostasis is essential so that the operative field is not
obscured.
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DISSECTION

3 The thyroglossal tract is identified at its deep attachment
to the cyst and followed between the sternohyoid muscles
to the hyoid bone. The centrum of the hyoid bone is freed
from the sternohyoid muscles below and the mylohyoid
and geniohyoid muscles above with a diathermy needle.
The thyrohyoid membrane is separated from the posterior
aspect of the centrum using artery forceps, a closed pair
of scissors, or a McDonald dissector. Small bone-cutting
forceps or strong Mayo scissors are then used to divide the
body of the hyoid 5 mm to either side of the midline. This
maneuver is facilitated by grasping and steadying the bone
with Kocher artery forceps.

4 A cylinder of geniohyoid and genioglossus muscle
0.5 cm wide, including the duct, is excised to the foramen
cecum; this is best performed using needle diathermy. It
has been suggested that the dissection is made easier if the
anesthetist uses a finger to depress the foramen cecum into
the wound, but this is seldom of practical value and is a
potential danger to the anesthetist. Meticulous hemostasis
using diathermy will prevent postoperative respiratory
obstruction due to hematoma formation.
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WOUND CLOSURE

5 The muscles are approximated in the midline using
sutures of 3/0 polyglycolic acid or chromic catgut to aid
hemostasis. It is not necessary to reconstitute the hyoid
bone because its cut ends tend to be approximated by the
muscle sutures.

6 The fascia and platysma are closed with a continuous
suture of 3/0 or 4/0 polyglycolic acid and the same suture
is used in the subcutaneous layer to appose the skin edges.
Alternatively, the skin edges may be approximated with
self-adhesive wound tapes. The use of non-absorbable
skin sutures or clips is not recommended as their removal
causes anxiety and discomfort. If adequate hemostasis has
been secured, no drains or dressings are required.

Excision of thyroglossal fistula

Treatment is similar to that for an uncomplicated
thyroglossal cyst. All traces of the fistula must be excised
to the foramen cecum.

POSITION OF PATIENT

The patient should be positioned as for excision
of a thyroglossal cyst (see above under Excision of
thyroglossal cyst).

INCISION

7 A small elliptical incision is made around the orifice of
the fistula (sinus) in the neck.
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8 The ellipse of skin (including the sinus or fistulous tract)
is traced through the subcutaneous tissues towards the
hyoid bone.
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RESECTION

9 The centrum of the hyoid bone is resected with the
fistulous tract.

10

WOUND CLOSURE

The wound is closed as for a thyroglossal cyst. It may be
necessary to insert a drain if perfect hemostasis cannot be
guaranteed or if there is florid inflammatory edema.

POSTOPERATIVE CARE

It is important to ensure that the airway does not
become obstructed by reactionary hemorrhage. Infection
is common, and spreading cellulitis may cause airway
compression, so oral antibiotics should be continued for
2-3 days after the procedure. The child may be allowed
home on the day after surgery.

OUTCOME

If the thyroglossal duct is excised with the cyst, recurrence
is unlikely. Recurrence rates of 5-7 percent are reported.
Cysts may recur, however, sometimes as much as ten
years later, in more than 20 percent of patients treated by
local excision only. This rate is reduced to 5 percent by

10 A core of geniohyoid and genioglossus muscles,
including the tract, is excised up to the level of the
foramen cecum.

removing the central part of the hyoid bone with the cyst.
The recurrence rate of a thyroglossal fistula is higher than
that for the uncomplicated cyst.
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Branchial cysts, sinuses, and fistulas

JOHN R WESLEY

PRINCIPLES AND JUSTIFICATION

Cysts, sinuses, and fistulas of the neck derived from
branchial cleft remnants are common in the pediatric age
group. Although all are present at birth, sinuses and fistulas
are encountered more commonly in infants and children,
while branchial cysts present more often in older children

1 A simple knowledge of head and neck embryology
is helpful in understanding these abnormalities. The
branchial arches appear by the 15th day of fetal life and
present as bar-like ridges separated by grooves or clefts.
Five paired ectodermal clefts and five endodermal pouches
separate the six branchial arches. A closing membrane
lies at the interface of the pouches and clefts. The four
clinically significant arches and clefts are shown.

The pathogenesis of branchial cleft anomalies is
controversial, and may occur as any combination of
sinus, fistula, and cyst. Incomplete obliteration of the
branchial apparatus, primarily the cleft, is accepted as the
most likely etiology. Most branchial anomalies arise from
the second branchial apparatus as the second branchial
arch overgrows the second, third, and fourth branchial
clefts, and finally fuses with the lateral branchial wall.
As the arches coalesce during the growth of the embryo,
part of the first branchial cleft remains open as the
Eustachian tube and auditory canal. The second branchial
cleft normally closes completely; however, either branchial
cleft may form a sinus tract or cyst as it coalesces.

and young adults. Remnants of the first and second
branchial apparatus are most common, accounting for
96 percent of all branchial anomalies with abnormalities
of the second cleft outnumbering those of the first by 6:1.
Abnormalities of the third and fourth branchial apparatus
are rare, but recent case reports and reviews indicate that
they may be more common than previously supposed.
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2 Remnants of the first branchial cleft, usually a short
sinus track occasionally opening into the external auditory
canal, occur along an imaginary line extending from the
auditory canal behind and below the angle of the mandible
to its midpoint. Second branchial cleft remnants are found
anywhere along an imaginary line extending from the
tonsillar fossa down to a point on the lower third of the
anterior border of the sternocleidomastoid muscle.

Although branchial apparatus anomalies may present at
any age, most branchial sinuses present clinically soon
after birth or before the age of ten years.

3 The more common second branchial cleft sinus
presents as a pinpoint opening on the anterior border of
the sternocleidomastoid muscle, one-quarter to one-third
of its length cephalad from the sternal end. The defect is
usually characterized by the appearance of small drops of
clear fluid at the opening or by the occurrence of infection
in the tract itself. The anomaly may be either unilateral
or bilateral, and may be familial. Tracts that have an
exterior opening occasionally become infected, although
infection is a more common problem in sinuses and cysts
in the older age group. Cysts of the first branchial cleft
usually present as enlarging masses near the lower pole of
the parotid gland and are more commonly seen in older
children and young adults. Cysts of the second branchial
cleft usually present in children and young adults as a
mass at the mandibular angle along the anterior border
of the sternocleidomastoid muscle, often associated with
upper respiratory infection.

Case reports and recent reviews suggest that cysts or
acute infections arising from a third or fourth branchial
pouch sinus are rare but well-defined entities that offer
diagnostic and therapeutic challenges not encountered
with the anomalies of the first and second branchial
remnants. These lesions present as an air-containing
inflammatory lateral neck mass in the neonate or as
acute suppurative thyroiditis in the infant or child. The
etiology for both presentations is a fistulous track from the

Area of
first branchial
cleft remnant

Area of
second branchial
cleft remnant

First branchial
cyst and fistula

Second branchial
cyst and fistula

Third branchial
cyst and fistula

piriform sinus, most commonly on the left side, occurring
as a result of a persistent remnant from the third or
fourth branchial pouch. This condition should always be
suspected in a neonate presenting with an inflammatory
lesion containing air in the left side of the neck. Similarly,
acute suppurative thyroiditis is rare and its presence
should prompt consideration of a piriform sinus fistula as
the etiology. Treatment of the acute infection should be
followed by surgical extirpation in all cases.
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PREOPERATIVE

Assessment and preparation

Cysts and sinuses of the first and second branchial clefts
are diagnosed by their clinical appearance on careful
physical examination. No special diagnostic imaging is
indicated. The operation may be performed at any age,
usually at the time of diagnosis, the main consideration
in neonates being the availability of sophisticated
pediatric anesthesia. The use of sclerosing solutions is
contraindicated and may be dangerous. If infection is
present, a course of antibiotics should be administered
first. With respect to cysts or sinuses suspected to be
of third or fourth branchial pouch origin, barium
studies may demonstrate the presence of a piriform
sinus fistula, particularly after a course of antibiotics
and resolution of the surrounding inflammation.
Computed axial tomography has also proved useful in
diagnosing lesions of a third or fourth branchial pouch
origin. If imaging techniques are not successful after
resolution of the inflammation, then the next time the
inflammation recurs, compression of the pus-filled cyst

Exposure of cyst

4 The most common branchial cyst is derived from the
second branchial cleft. The skin incision is made over
the cyst along Langer’s lines or in a natural skin crease in
order to obtain the best cosmetic result. The length of the
incision will vary with the size of the cyst.

Infiltration of the overlying skin and adjacent tissues with
dilute norepinephrine (noradrenaline) (1:1000 in isotonic
saline) is optional, but generally unnecessary. A scalpel
is used to incise the skin only, and subsequent dissection
is accomplished by lifting the tissues off the underlying
structures with Adson’s tissue forceps and dissecting with
a fine hemostat and electrocautery. The incision is carried
through the subcutaneous tissues and platysma to the level
of the cyst. The cyst is exposed by retracting the skin and
muscle flaps, and is best accomplished with a self-retaining
or ring retractor.

during endoscopy may reveal the origin of the fistula as
pus exudes from the piriform sinus.

Anesthesia

Endotracheal inhalation general anesthesia, preferably by a
pediatric anesthetist, is preferred.

OPERATIONS

Position of patient and preparation

The patient is placed in the supine position with a sandbag
beneath the shoulders and a soft ring headrest beneath
the cranium so that the neck is extended. The head of the
table is raised slightly to diminish venous blood pressure
in the head and neck. The chin is turned away from the
side of the lesion, and the skin is prepared with 10 percent
povidone-iodine solution. The field is draped with four
towels held to the contours of the neck with plastic barrier
drapes with one adhesive edge (Steridrape 1010). An
electrocautery grounding plate is applied to the thigh.

5 The deep cervical fascia is divided next to the anterior
border of the sternocleidomastoid muscle, allowing the
belly of the muscle to be retracted away from the cyst.
Exposure is extended anteriorly and medially by retraction
of the sternohyoid muscle. The fascia and soft tissue
overlying the cyst are lifted and incised carefully to expose
the superficial aspect of the cyst.
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Dissection and removal of a second branchial
cleft cyst

6 Great care is taken to avoid rupture of the cyst, as a tense
cyst wall is easier to define and dissect than a collapsed
cyst. Adjacent structures are separated from the cyst by
blunt and electrocautery dissection along the cyst wall,
special care being taken along the deep aspect of the cyst
where the jugular vein and carotid arteries are in intimate
relation. The pedicle of the cyst generally lies posterior
to the jugular vein, usually coursing between the carotid
artery bifurcation. It is then dissected cephalad towards
the tonsillar pillar, where it is clamped and suture ligated
with fine non-absorbable suture. Meticulous hemostasis
is obtained and the wound irrigated with 1 percent
povidone-iodine solution before closure.

Dissection and removal of a third or fourth
branchial pouch cyst and sinus

Cysts and sinuses of the third and fourth branchial
pouch are clinically similar because of their common
origin in the piriform fossa and presentation as a neck
or thyroid abscess. Common presentations include an
air-containing inflammatory lateral neck mass requiring
repeated incision and drainage. Preoperative resolution
with antibiotics should be followed by a barium swallow

Dissection and removal of a first branchial
cleft cyst

7 During dissection of the less common first branchial cleft
cyst, care must be taken to avoid damage to the adjacent
facial nerve in cases where there is a tract leading up to
or into the external auditory meatus. Not uncommonly,
the deep or superficial lobes of the parotid gland must
be mobilized. A neurosurgical nerve stimulator is often
helpful during the dissection.

or contrast computed tomography to allow visualization
of the piriform sinus tract common to each of these
anomalies. Exploration of the neck with excision of the
entire tract to the level of the piriform sinus is necessary
to prevent recurrence. Operative endoscopy at the start
of the operation may enable cannulation of the tract from
above, which greatly facilitates localization of the tract
during resection. Once the cyst and tract are resected,
the histological finding of squamous cell epithelial lining
confirms the diagnosis of a branchial anomaly.
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8 The thyroid gland is exposed through a standard collar
incision, and the left lobe is mobilized. The recurrent and
superior laryngeal nerves and parathyroid glands should be
identified and protected. If no discrete cyst or tract is found,
the fistula may be located at the laryngeal level near the
cricothyroid membrane. The fibers of the inferior constrictor
muscle are bluntly spread to expose the piriform recess.
Extreme caution should be exercised in this region to preserve
the external branch of the superior laryngeal nerve. The tract
usually passes inferiorly, external to the recurrent laryngeal
nerve along the trachea to the superior pole of the thyroid.
It may end blindly near the gland or actually penetrate the
capsule to terminate in the parenchyma of the left thyroid
lobe. Thyroid lobectomy or resection of the superior pole is
carried out as indicated by the extent of the cyst.

Minor branchial remnants

A branchial arch remnant may also occur along the lower
anterior border of the sternocleidomastoid muscle near
the sternoclavicular joint, and typically consists of a small
cartilaginous mass presenting in the subcutaneous tissue.
The lesion is usually visible and palpable, and bilateral
occurrences are common. An accompanying sinus or cyst
is seldom present, and infection is uncommon. Excision

Pyriform

sinus

Sinus tract
Superior
laryngeal n.

Cyst compressing
thyroid gland

Recurrent
laryngeal n.

Excision of a second branchial cleft sinus

9a,b The operation to excise a second branchial cleft
sinus begins with an elliptical transverse incision at the
sinus opening, and cephalad dissection of the tract to its
furthest extent, generally at the level of the tonsillar pillar.
The dissection is kept directly on the tract to avoid injury
to contiguous structures, e.g. the internal jugular vein,
the bifurcation of the carotid artery, and the hypoglossal
nerve. The operation can almost always be carried out
through a single elliptical incision if the tract is kept under
gentle traction and the anesthetist places a gloved finger in
the tonsillar fossa and exerts downward pressure towards
the field of dissection. In addition, the anesthetist’s finger
helps to localize the tonsillar fossa at the end point of
dissection, where the sinus tract is suture ligated and
divided. Dissection of the sinus tract may be facilitated by
passing a fine silver probe or piece of heavy nylon suture
the length of the tract and clamping this in position as the
dissection progresses.

may be carried out for cosmetic reasons or may be delayed
indefinitely.

Preauricular sinuses or pits are common and have
been attributed to vestiges of the first branchial cleft.
These lesions probably relate to the infolding and fusion
associated with formation of the ear. Asymptomatic lesions
require no treatment; draining sinuses and infected cysts
require antibiotic treatment, incision, and drainage if they
fail to resolve, and later excision to prevent recurrence.
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Wound closure

10 The cervical fascia and platysma are closed with
interrupted sutures of 4/0 polyglycolic acid. When the
dissection is carefully performed and the cyst or sinus is
not infected, the incision may be closed without using a
drain. The skin is closed with a running 5/0 subcuticular
absorbable suture or pull-out nylon suture. Steristrips and
a clear plastic dressing (Opsite) are applied as a wound
dressing.

POSTOPERATIVE CARE

FURTHER READING

The operations described are carried out as outpatient
procedures unless unusual difficulties are encountered
or unless a drain is placed. Antibiotics (penicillin or a
cephalosporin) are continued for 1-5 days after operation,
depending on the presence of infection or degree of
contamination. An occlusive dry sterile dressing is kept
in place for 48 hours, after which the patient is permitted
to bathe and shower normally. If a drain is placed, it is
removed after 24 hours or whenever drainage has ceased.
The patient is seen 7 days after operation for a wound check.

OUTCOME

The outcome for the procedures described is usually
excellent, both functionally and cosmetically. Operative
damage to related anatomical structures is rare and should
not occur provided the surgeon has adequate knowledge
of the anatomy and that meticulous hemostasis is obtained
during dissection to ensure a clear field. Failure to excise
the cyst or sinus completely may lead to its recurrence, in
which case the patient should be treated with antibiotics
and a thorough diagnostic re-evaluation initiated.
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External angular dermoid cyst

PAUL RV JOHNSON

PRINCIPLES AND JUSTIFICATION

Dermoid cysts are congenital cysts that result from
sequestration of ectodermal and mesodermal elements.
They occur along lines of embryologic closure, and the
external angle of the supraorbital ridge is the most common
site. External angular dermoid cysts are situated beneath
the muscle and lie in a shallow depression in the outer table
of the bone of the skull. A ‘pit’ within the bone is invariably
present in the base of the bony depression through which
the cyst receives its blood supply. Occasionally, these cysts
have an intracranial extension in a ‘dumb-bell’ fashion,
although this is far less common than with dermoid cysts
situated at the internal angle of the eye or over the bridge
of the nose.

External angular dermoids present as rounded, soft,
semi-mobile swellings in the lateral part of the eyebrow.
They are usually asymptomatic, although with time can
enlarge and rupture or become infected. There are few
conditions that cause diagnostic confusion in the infant or
child. Treatment is by surgical excision of the cyst, which
must be complete to prevent recurrence.

PREOPERATIVE ASSESSMENT AND
PREPARATION

Radiology

The diagnosis is made on clinical grounds. If there is any
suspicion of intracranial extension, magnetic resonance

imaging should be performed preoperatively. However,
unlike for dermoid cysts situated medially on the face,
these are not indicated routinely. Skull x-rays are not
helpful for excluding an intracranial extension as they may
be misleading.

Consent

Informed consent must be obtained from one of the child’s
parents or the child’s legal guardian. The complications of
bleeding, infection, recurrence, and keloid scarring must
be explained as part of this process.

Anesthesia

General anesthesia is administered via an endotracheal
tube and the patient is placed supine on the operating
table. The patient’s head is positioned on a head ring.

OPERATION

Skin preparation and draping

There is no need to shave the eyebrow for this procedure.
The eyelids are taped closed to prevent soiling of the eye. The
skin is prepared with either aqueous betadine or aqueous
chlorhexadine. A head towel is used to maintain the sterile
field.
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Incision

1 A 1-1.5-cm incision is made over the cyst in line with the
upper or lower margin of the eyebrow. Care is taken not to
cut the hair follicles of the eyebrow. Although this incision
gives a good cosmetic result, an alternative approach is to
make the incision in the palpebral crease itself.

Dissection and excision

2 The incision is deepened using a fine monopolar
diathermy point until the cyst becomes visible. Care is
taken to avoid diathermy contact with the skin edges.
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3a,b The cyst is then mobilized using a mixture of blunt-
scissor dissection and dissection with bipolar diathermy
forceps. Meticulous hemostasis is ensured throughout.
Instruments should not be applied directly to the cyst as
this usually results in its rupture. The cyst is freed from
its deep attachments, which often requires excising a
circumferential rim of periosteum in continuity with the
cyst. The feeding vessels passing through the pit of the
bony depression are coagulated. Occasionally, this pit
needs to be packed with bone wax to secure hemostasis.
The cyst is removed and sent for routine histopathology
to confirm the diagnosis. If rupture does occur during
mobilization, the wound should be irrigated with saline
and the contents and lining of the cyst completely removed
to prevent recurrence.

3b
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Closure

4 Once hemostasis has been confirmed, interrupted 4/0
polyglycolic sutures are placed in the muscle and fat layers,
ensuring that the knots are buried. The skin is either
closed using a subcuticular 5/0 undyed polyglycolic suture
or a more predictable cosmetic result is achieved using
interrupted 6/0 nylon sutures, although the latter can only
be used in those infants in whom removal of sutures is
practical. A Steristrip dressing is applied along the wound,
followed by a small gauze/Mefix pressure dressing to
prevent hematoma formation and thereby optimize the
cosmetic result.

MINIMALLY INVASIVE APPROACHES

OUTCOME

While both of the incisions described above usually give
good cosmetic results, endoscopic-assisted procedures have
recently been described that aim to make any scarring even
less conspicuous. These include an endoscopic ‘brow-lift’
technique through a hairline incision within the scalp, as
well as an endoscopic-assisted closed rhinoplasty approach.
While several case series have been reported with good
outcomes, these newer operations require more stringent
evaluation before they become the ‘gold standard’.

In the rare event of an intracranial extension, a formal
craniotomy is required because the intracranial portion
may be the larger of the two elements.

POSTOPERATIVE CARE

The majority of these procedures are performed as day
cases. The pressure dressing is maintained for 48 hours
after the operation and the wound kept dry during this
time. If interrupted non-absorbable sutures have been
used for skin closure, these should be removed 5 days
postoperatively to prevent a tissue reaction to them.

Complications are rare following this procedure.
Postoperative hematoma and infection can occur, but are
minimized by the techniques described above. Incomplete
excision may result in recurrence of the cyst. The cosmetic
result is usually good, although a keloid scar may result,
especially if the wound becomes infected or the child is of
Afro-Caribbean descent.

FURTHER READING
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of benign forehead masses — a novel approach
for pediatric general surgeons. Journal of Pediatric
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Harris RL, Daya H. Closed rhinoplasty approach for
excision of nasal dermoids. Journal of Laryngology
and Otology 2010; 124: 538—42.



Sternocleidomastoid torticollis

RONALD B HIRSCHL

HISTORY

Sternocleidomastoid torticollis is the term used to describe
the presence of a shortened, fibrosed sternocleidomastoid
muscle (SCM) which results in traction of the mastoid
process toward the sternoclavicular joint. The head,
therefore, is rotated away from and tilted toward the
involved SCM.

The etiology of torticollis remains undefined. Light
microscopic evaluation of the involved SCM demonstrates
replacement of muscle bundles by dense fibrous tissue.
Approximately 25-30 percent of patients presenting with
SCM torticollis have a history of breech presentation
at birth, with 62 percent involved in a complicated
birth. Recent evidence suggests that SCM torticollis
may be the manifestation of an in-utero positional
disorder with development of an SCM compartment
syndrome or related to prolonged intrauterine crowding
or malposition. Bilateral SCM fibrosis is present in 2-3
percent of cases.

PRINCIPLES AND JUSTIFICATION

Approximately 30-40 percent of patients will present at
age 1 to 8 weeks with a hard 1-3 cm, painless, discrete
mass or pseudotumor, located within the substance of
the middle or inferior portions of the SCM. This is often,
but not always, accompanied by torticollis, with the face
turned away from and the head tilted toward the side with
the tumor. Such pseudotumors consist of fibrous tissue
and mesenchyme-like cells, fibroblasts, and myoblasts at
various stages of differentiation and degeneration. The
remainder of patients will present with muscular torticollis
(30 percent), in which there may be diffuse fibrosis of the
SCM, or postural torticollis (22 percent). Passive neck
range of motion exercises that emphasize rotation toward
and side flexing away from the affected SCM should be

performed by the parents, but also by a physical therapist.
The parents should be encouraged to place toys and
other desirable objects on the ipsilateral side in order to
encourage turning toward that side. With physical therapy,
resolution of the SCM pseudotumor and/or fibrosis is
usually observed over the following three to four months.
Therefore, operative intervention is not necessary in the
majority (>90 percent) of newborns and young infants, but
is required in 25 percent of the 3—6-month-old infants, 70
percent of the 6-18-month-old children, and 100 percent
of those children older than 18 months. Torticollis will
persist in approximately 7 percent of newborns, but this
occurs usually in those with severe rotational limitations.
In fact, large series have demonstrated that with the use of
physiotherapy and manual stretching neck exercises, less
than 8 percent of those with an SCM pseudotumor and
3 percent of those with muscular torticollis will require
operative intervention. In general, operation is indicated
in patients who are unresponsive after more than six
months of manual stretching. Acquired plagiocephaly with
flattening of both the frontal area on the ipsilateral side
and the occipital region on the contralateral side may be
noted in the first few months of life, but usually resolves
spontaneously by one year of age after the infant begins
to sit up.

Presentation in the child older than one or two years of
age is more often refractory to conservative management,
and operation is indicated if failure of physical therapy has
been determined. Facial hemihypoplasia, which involves
flattening and underdevelopment of the malar eminence
and downward displacement of the eye, ear, and mouth
on the affected side, may appear as early as six months
of age, but most often appears after age 3-5 years. The
development of facial hemihypoplasia is an indication
for operative intervention, as potential resolution of
skeletal abnormalities and subsequent normal growth and
development of the facial skeleton will occur only after
prompt operative correction of the torticollis.
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PREOPERATIVE ASSESSMENT AND
PREPARATION

Preoperative evaluation includes assessment to exclude
other causes of abnormal head posture. Non-SCM
causes for torticollis exist in 18 percent of patients and
include neurologic disorders in 9 percent, such that the
patient holds the head in a compensatory position most
commonly due to the presence of ocular problems, such
as nystagmus or strabismus, or vestibular disorders.
Ocular examination is indicated in patients without a clear
musculoskeletal cause of torticollis. Benign paroxysmal
torticollis is an episodic functional disorder of unknown
etiology that occurs in the early months of life in healthy
individuals and resolves by the age of five years. It is
thought that this disorder occurs as a migraine equivalent
or due to a dystonic SCM. The child’s head tilts to one
side for a few hours or days, often without any associated
symptoms, although vomiting, pallor, and ataxia may
occur. Posterior fossa tumors may also present with
torticollis, frequently accompanied by headache, nausea,
and vomiting. Cervical spine radiologic evaluation may
be necessary to exclude congenital osseous deformity
of the cervical spine and the Klippel-Feil syndrome or
C1-C2 cervical spine subluxation, which may rarely occur
in patients presenting with torticollis. Usually the SCM
is normal in these cases, but occasionally SCM fibrosis
may coexist with other causes of torticollis. Atlantoaxial
rotatory subluxation may be the cause of acute torticollis
in children and also may be noted following head and
neck procedures or infection. Imaging with computed
tomography (CT) or magnetic resonance imaging (MRI)
may be diagnostic and is indicated in children with
torticollis without an SCM mass or evidence of muscular
torticollis on examination.

The diagnosis of an SCM pseudotumor and torticollis
in the newborn or infant presenting with an SCM mass
can almost always be made based on physical examination,
history, and clinical progression. Occasionally, ultrasound
evaluation may help to differentiate such an SCM
pseudotumor from a mass secondary to lymphadenopathy
or neoplasm.

Photographic and/or CT evaluation for hemihypoplasia
helps with the diagnosis and should be performed in any
patient in whom torticollis persists beyond six months
of age and as baseline before operative intervention.
Radiologic evaluation of the hips and lower extremities
should be performed because of the association (8-12
percent) with congenital dysplasia of the hip and

abnormalities of the lower extremities in patients with
torticollis. Hip dysplasia is observed in 7 percent of
infants with a pseudotumor and is more commonly
noted in infants with greater limitations in neck rotation.
Preoperative open-mouth radiography of the odontoid
process should be performed to look for tilt of the
odontoid process to the side of the torticollis.

Anesthesia

General anesthesia with endotracheal intubation isrequired.
The endotracheal tube should be secured sufficiently and
placed appropriately to allow sterile preparation of the
entire neck and full rotation of the neck in both directions.

OPERATION

The standard operation involves division of the SCM at
the point where the sternal and clavicular heads converge.
However, reports suggest that botulinum toxin injection
into the SCM or lengthening of the SCM at its mastoid
insertion may be effective. Selective peripheral denervation
of the cervical muscles, including the spinal accessory
branches to the SCM and C1-6 posterior nerve branches
on the involved side, may also be effective, especially in
those with an initial response to botulinum toxin injection.
Early experience with a transaxillary and neck minimally
invasive approach has also been effective.

Position of patient

The patient is placed in the supine position with a roll
placed transversely under the shoulders in order to provide
neck extension. The bed is flexed such that the head of
the patient remains in a 30° upright position in order to
decrease venous bleeding. The head is turned slightly to
the side opposite the affected SCM. A sponge doughnut
is placed under the head to maintain head position. The
prepared field should include the entire neck extending
up to just above the mandible, down to the areas of both
shoulders, and to the infraclavicular regions bilaterally.
Crumpled drapes are placed in the posterior aspect of the
junction of the neck and shoulders bilaterally. Drapes are
then placed along the inferior border of the mandible,
at the level of the clavicle, and bilaterally along the
posterolateral aspect of the neck.
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1 An approximately 3 cm, transverse, curvilinear incision
is made in a skin crease one to two fingerbreadths above
the clavicle.

2 The platysma is divided. Subplatysmal flaps are
developed along the SCM for 1-2 cm superiorly and to
the level of the clavicle inferiorly. Division of the external
jugular vein may be necessary. The posterior aspect of the
SCM is then dissected free from the underlying carotid
sheath structures at the point where the sternal and
clavicular heads converge.

3 The sternal and clavicular heads, including the
underlying investing cervical fascia, are divided at that level
using electrocautery, with care taken to ensure hemostasis.
The spinal accessory nerve is usually located superior to
this region.
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4 The ends of the transected SCM are then dissected free
from the underlying carotid sheath structures. Limited
dissection is performed superiorly while more extensive
dissection is performed inferiorly down to the level of the
sternum and clavicle.

6 The platysma muscle is then reapproximated with
interrupted 3/0 vicryl sutures.
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5 The head is then turned from side to side and the depths
of the wound palpated to ensure that all contracted tissue
is released. If tight lateral structures, such as the deep
cervical fascia lateral to the SCM, are identified, these
should be divided under direct vision. Although unusual,
fascial tissue involved with the omohyoid muscle and the
carotid sheath may occasionally require division.
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7 The skin is approximated with a running 5/0 vicryl
subcuticular suture. Steristrips are placed perpendicular
to the incision in overlying fashion such that a dressing
is formed. The patient is maintained in a 30° head-up
position during and after recovery.

POSTOPERATIVE CARE

For the following 48 hours, the patient remains supine
in the 30° head-up position without the use of a pillow.
Careful assumption of the erect posture with initial
assistance is then allowed. Some clinicians advise the use of
a neck collar in the postoperative period. Physical therapy
with resumption of passive neck range of motion exercises
is then reinstituted and continued for the following six
months. Full neck range of motion should be achieved by
7-10 days postoperatively. Older children must undergo
retraining of the neck-righting reflexes in front of a mirror
over the following months. Occasionally, a patient who is
too young or not willing to cooperate with postoperative
physical therapy will require placement of a Minerva cast
for 6 weeks in order to maintain the head rotated toward
the operatively treated side and tilted laterally toward the
opposite side.

The most common complication is that of postoperative
bleeding. Hematoma formation over the hours to days
after the procedure may require evacuation. Specific
attention to hemostasis during division of the muscular
fascial tissues and to potential bleeding from tributaries of
the internal jugular vein should prevent this complication.
The risk of airway compromise secondary to postoperative
bleeding is low. Injury to the spinal accessory or facial
nerve is unusual.

OUTCOME

In the more than 90 percent of patients who are managed
without operative intervention, follow up should include
monitoring to ensure resolution of the SCM pseudotumor,
residual SCM fibrosis, and torticollis. Specifically, close
follow up should ensure the early detection of facial
hemihypoplasia in those patients with persistent torticollis

after six months of age. Overall, gross motor and cognitive
function is normal by one year of age.

After operation, recurrent torticollis is observed in
less than 3 percent of patients. Normal neck movement
is observed with long-term follow up in 88 percent of
patients. Follow up should include evaluation for facial
hemihypoplasia and plagiocephaly, which, if present, will
generally resolve. In addition, because of the high incidence
of residual cervical and thoracolumbar scoliosis in patients
with torticollis, radiologic spine evaluation is indicated
to ensure identification and appropriate follow up of any
spinal deformities.
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PRINCIPLES AND JUSTIFICATION

Tracheostomy should be performed as an elective
procedure using the conventional dissection technique.
Percutaneous dilatational tracheostomy, now widely used
in adults, is not suitable for children because the airway is
small and often precarious; the trachea is soft, flexible, and
very mobile; landmarks can be difficult to palpate; and a
displaced tube cannot be rapidly replaced.

INDICATIONS

e Airway obstruction:

+ Congenital anomalies, e.g. laryngeal web, subglottic
stenosis.

+ Failed extubation with increasing subglottic edema
and evidence of mucosal damage.

+ External trauma, e.g. hanging-type injuries.

+ Acute infection, e.g. acute epiglottitis or laryngo-
tracheobronchitis, if endotracheal intubation is not
available.

+ Tumors, e.g. hemangioma, lymphangioma.

+ Functional obstruction, e.g. bilateral vocal cord palsy,
cricoarytenoid joint fixation.

+ Tracheomalacia or extrinsic compression of the trachea.

e Long-term respiratory support, for example, for
pulmonary pathology.

e Clearance of secretions, for example, in neurological
injury or disease.

e As a covering procedure to secure the airway for
subsequent surgery on the larynx, pharynx, or
temporomandibular joints.

PREOPERATIVE

Anesthesia

The operation is performed under general anesthesia.
Children are usually intubated, but in cases where
intubation is deemed impossible a laryngeal mask airway
(LMA) may be used, or even a facemask. Exceptionally, it
might be necessary to undertake the procedure under local
anesthesia, using lignocaine (lidocaine) 1 percent with
epinephrine (adrenaline) 1:200 000.

OPERATION

Position of patient

1 The neck must be hyperextended. A jellyroll or sandbag
is placed under the shoulders, and an adhesive tape ‘chin
strap’ is applied and attached to the table on either side of
the head to stabilize it. The occiput is supported by a head
ring. The patient is tipped into a slightly head-up position.
A fenestrated ‘circumcision’ drape is convenient and
allows an anesthetic connector to be passed easily beneath
it into the surgical field when the tracheostomy tube has
been inserted. Bipolar diathermy should be available.
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Incision

2 The neck is palpated carefully so that the hyoid bone,
thyroid notch, and cricoid cartilage can be felt and marked.
In neonates, the cricoid cartilage is not easily palpable.
The skin midway between the cricoid and the suprasternal
notch is marked and infiltrated using 1 percent lignocaine
with 1:200000 epinephrine. A horizontal skin incision
approximately 2 cm in length is made through the
infiltrated area, cutting through fat and platysma. In
infants and young children, it is advantageous to defat the
skin along the incision margins in order to improve access
to the trachea, for which purpose microbipolar diathermy
forceps are useful.

4 Having identified the strap muscles, a condensation
of the investing layer of the deep cervical fascia will be
seen running vertically between them in the midline. This
interval is entered by blunt-scissor dissection and the
strap muscles are separated and retracted laterally. Sprung
self-retaining retractors of the Aberdeen pattern are very
convenient for this purpose.

3 The incision is deepened in a horizontal plane until
the deep cervical fascia investing the sternohyoid and
sternothyroid strap muscles is encountered. Branches of
the anterior jugular vein will be seen during this dissection;
these should be coagulated and divided with the bipolar
diathermy.
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Exposure of the thyroid gland

Retraction of the strap muscles reveals the thyroid gland
with the thyroid isthmus joining the two lobes of the
gland. Above the isthmus, the cricoid is seen, although in
the neonate it is easier to identify by palpation, feeling for
its prominence with fine curved ‘mosquito’ artery forceps.

Dissection of the thyroid isthmus

5 The size and relationship of the thyroid isthmus to
the trachea are variable, but in all cases the isthmus
should be divided. A small incision is made through the
condensation of the pretracheal fascia at the upper border
of the isthmus, and the isthmus is then separated from the
underlying trachea by blunt dissection using fine curved
artery forceps. Branches of the inferior thyroid vein will be
encountered at the lower border of the isthmus, and these
should be coagulated with diathermy.
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Division of the thyroid isthmus

6 The artery forceps are spread beneath the isthmus,
and bipolar diathermy is used to divide it bloodlessly.
In adolescents with a bulky, vascular isthmus it may be
preferable to divide the isthmus between hemostats and
secure the ends by suture transfixion and ligation.
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Opening the trachea

Careful hemostasis is achieved, the cricoid is identified,
and the tracheal rings counted. The first tracheal ring must
not be included in the tracheostomy, and in neonates
and infants, where distances are small, it is preferable to
preserve the second ring as well.

7 Before making the incision, Prolene stay sutures are
placed to help distract the tracheal opening: these are
later taped to the skin and left in place until the first
tracheostomy tube change. For routine tracheostomy in
children, a vertical incision is made in the trachea through
the third, fourth, and fifth tracheal rings. If a subsequent
reconstructive operation on the larynx is planned, the
incision in the trachea may be made through the fourth,
fifth, and sixth tracheal rings. Care should be taken with
a low tracheostomy that the end of the tracheostomy tube
is clear of the carina, and in infants it is important to use
a shorter ‘neonatal’-length tube. A small sucker should be
used to prevent blood from entering the trachea.

8a,b The stay sutures are now used to distract the cut
edges of the trachea, if necessary, aided by fine skin hooks.
The endotracheal tube will then be clearly seen.
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8¢ It is recommended that four Vicryl skin maturation
sutures should be used to approximate the skin edges to
the margins of the tracheal incision, thus creating a stoma
and making it much easier to replace the tube should it
become displaced.

Insertion of tracheostomy tube

9a,b The anesthetist is asked to withdraw the endotracheal
tube gently until its tip is just above the tracheostome.
A plastic tracheostomy tube with a 15-mm termination is
then inserted into the tracheal opening, a sterile anesthetic

connector is fitted to it, and the end of the connector
is passed out of the surgical field beneath the drape to
the anesthetist. A sizing chart, such as that published by
Tweedie et al. in 2008, reproduced in Table 10.1, should
be used to select a tube of the correct diameter and length
for the child’s age.
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Table 10.1 Great Ormond Street Hospital sizing chart for pediatric airways.

Preterm-1 month 1-6 6-18 [18 mths | 3-6 6-9 9-12 12-14
months | months | — 3 yrs | years years years years
Trachea (Transverse 5 5-6 6-7 7-8 8-9 9-10 10-13 13
Diameter mm)
Great Ormond Street ID (mm) 3.0 3.5 4.0 4.5 5.0 5.5 6.0 7.0
0D (mm) 4.5 5.0 6.0 6.7 7.5 8.0 8.7 10.7
Shiley Size 3.0 8IS 4.0 4.5 5.0 5.5 6.0 6.5
ID (mm) 3.0 3.5 4.0 4.5 5.0 515 6.0 6.5
0D (mm) 52 59 6.5
Length (mm) 32 34 36
Neonatal
Cuffed Tube Available Paediatric 40 41*
Long Paediatric 50" 52* 54* 56"
Portex (Blue Line) ID (mm) 3.5 4.0 5.0 5.0 6.0 7.0
0D (mm) 4.2 4.9 5.5 6.2 6.9 6.9 8.3 9.7
Portex (555) Size 2.5 3.0 3.5 4.0 4.5 5.0 5.5
ID (mm) 2.5 3.0 3.5 4.0 4.5 5.0 5.5
P 0D (mm) 4.5 5.2 5.8 6.5 7.1 7.7 8.3
L Length Neonatal 30 32 34 36
A Paediatric 30 36 40 44 48 50 52
S Bivona Size 2.5 3.0 3.5 4.0 4.5 5.0 5.5
T ID (mm) 2.5 3.0 8IS 4.0 4.5 5.0 5.5
l 0D (mm) 4.0 4.7 5.3 6.0 6.7 7.3 8.0
C | Al sizes available Length Neonatal 30 32 34 36
with Fome Cuff, Aire Paediatric 38 39 40 41 42 44 46
Cuff & TTS Cuff
Bivona Hyperflex ID (mm) 2.5 3.0 3.5 4.0 4.5 5.0 5.5
Usable Length (mm)| 55 60 65 70 75 80 85
Bivona Flextend ID (mm) 2.5 3.0 3.5 4.0 4.5 5.0 5.3
Shaft Length (mm) 38 39 40 41 42 44 46
Flextend Length 10 10 15 15 17.5 20 20
(mm)
TracoeMini ID (mm) 2.5 3.0 3.5 4.0 4.5 5.0 55 6.0
0D (mm) 3.6 4.3 5.0 5.6 6.3 7.0 7.6 8.4
Length (mm) 30 32 34 36
Neonatal (350)
Paediatric (355) 32 36 40 44 48 50 55 62
S Alder Hey FG 12-14 16 18 20 22 24
I Negus FG 16 18 20 22 24 26 28
L | Chevalier Jackson FG 14 16 18 20 22 24 26 28
v Sheffield FG 12-14 16 18 20 22 24 26
: ID (mm) 29-36 | 42 49 6.0 6.3 7.0 7.6
Cricoid (AP Diameter) ID (mm) 3.6-4.8 | 48-5.8 | 5.8-6.5 | 6.5-7.4 | 7.4-8.2 | 8.2-9.0 | 9.0-10.7 10.7
Bronchoscope (Storz) Size 2.5 3.0 3.5 4.0 45 5.0 6.0 6.0
ID (mm) 3.5 4.3 5.0 6.0 6.6 7.1 7.5 7.5
0D (mm) 4.2 5.0 5.7 6.7 7.3 7.8 8.2 8.2
Endotracheal Tube ID (mm) 2.5 3.0 3.5 4.0 45 5.0 6.0 7.0 8.0
(Portex) 0D (mm) 3.4 4.2 4.8 5.4 6.2 6.8 8.2 9.6 10.8

Table reproduced from ‘Choosing a paediatric tracheostomy: an update on current practice’ Tweedie DJ, Skilbeck CJ, Cochrane LA, Cooke J, Wyatt ME. Journal
of Laryngology and Otology 2008; 122: 161-9.
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Fixation of tracheostomy tube

When the tracheostomy tube is fully inserted it must
be held by the assistant until it is properly secured. If
necessary, the skin edges are approximated with a suture

10 Thejellyroll is then removed from beneath the patient’s
shoulders and the tracheostomy tube is secured by tying the
tapes with a reef knot with the neck flexed. It is extremely
important to remember this neck flexion and to tie the
tapes fairly tightly; failure to do this may result in the tube
becoming dislodged. Dislodgement of the tracheostomy
tube must be avoided during the immediate postoperative
period, as its subsequent reinsertion can be difficult in the
first few postoperative days. A non-adherent dressing is
applied to the wound, with a keyhole to accommodate the
tracheostomy tube. This dressing should be kept clean and
changed when necessary. At the end of the procedure, the
surgeon should listen to the chest with a stethoscope to
ensure that air entry is symmetrical; if it is reduced on the
left, this suggests that the tracheostomy tube is too long
and has intubated the right main bronchus. If necessary,
a flexible fibreoptic laryngoscope or bronchoscope may be
passed through the tracheostomy tube in order to confirm
the position of the tube tip and establish that the tube is of
the correct length.

POSTOPERATIVE CARE

The following must be at the bedside:

e A spare tracheostomy tube of the same pattern and size
as that in the patient, and a tube one size smaller (for use
if difficulty is encountered replacing the tube with one
of the same size); also scissors, spare tapes, and aqueous
jelly to lubricate a replacement tube.

e Suction apparatus and sterile suction catheters with
distal and lateral tip ports.

e A properly trained nurse.

e A supply of humidified air and an Ambu bag.

A portable chest radiograph should be arranged in the
operating room recovery area or immediately on return
to the ward, to check the length of the tracheostomy tube
with regard to its proximity to the carina, and to ensure
that there is no pneumothorax. The tracheostomy tube
must be kept clear of secretions by the regular application
of suction at hourly intervals for the first 12-24 hours, and
thereafter as required. A sterile catheter is inserted into the
tracheostomy tube gently but swiftly as far as the tube tip,
and suction is applied only as the catheter is withdrawn.

on each side of the tube. It is essential to leave a gap around
the tube to avoid postoperative surgical emphysema. The
Prolene stay sutures should be taped to the shoulders and
the tapes clearly labeled ‘Do Not Remove’ as well as being
marked ‘left’ and ‘right’.

If the tracheostomy tube is properly positioned and
functioning satisfactorily, respiration should be virtually
inaudible. If bubbling noises are heard, further suction is
required.

Adequate humidification should be provided
continuously for the first week, using a mechanical
warm-air humidifier for infants and a room-temperature
humidifier for older children. This will reduce the tenacity
of the secretions and allow them to be cleared by suction
more easily.

The tracheostomy tapes are changed daily, and the
tracheostomy tube is changed routinely after 7 days, at
which time the skin sutures and stay sutures are removed.
However, if any difficulty is encountered during suction, or
if breathing becomes noisy or obstructed despite suction,
the tube must be changed immediately. This can sometimes
be difficult with a new tracheostomy and should be done
with adequate help: the child’s neck must be extended with
a rolled towel under the shoulders, good illumination is
essential, and a headlight is desirable. As the tracheostomy
tube is withdrawn, the stay sutures are pulled to distract
the edges of the tracheal opening and bring them up to
the surface of the neck. The tracheostome should thus
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be clearly visible (especially if the subcutaneous fat was
reduced at the time of surgery and skin maturation sutures
were placed) and a new tube is inserted under direct vision.
If difficulty is encountered, a tracheal dilator is too large to
be useful in small children; it is better to insert a suction
catheter into the tracheal lumen and use the Seldinger
technique to ‘railroad’ the new tube over it into the trachea
(or use a smaller tube).

The most common cause of difficulty in suction is
displacement of the tube into the pretracheal tissues,
which may occur if the tapes are too loose, or if the tube is
changed and the new tube is inserted incorrectly.

COMPLICATIONS

Intraoperative

e Bleeding may be encountered from an abnormally high
left innominate vein. Careful controlled dissection of the
structures in the lower part of the neck should avoid this.

e Damage to the cervical pleura may cause pneumothorax
or possibly a pneumomediastinum; dissection lateral to
the trachea should be avoided.

e Injuryto thelarynx, trachea, or esophagus should not occur
when an elective tracheostomy is performed. Accidental
decannulation may occur if the assistant does not hold the
tube securely or if the tapes are tied too loosely.

Postoperative

e Blocking and displacement of the tracheostomy tube.
These complications are preventable by careful nursing
and attention to detail when tying the tracheostomy tube
tapes.

e Postoperative pneumonia. This risk is small if a
sterile technique is used for tracheal toilet and effective
humidification is maintained. Adequate physiotherapy
to encourage coughing is also desirable.

e Surgical emphysema. If this occurs, the wound should
be opened fully. It is caused by suturing the wound too
tightly around the tracheostomy tube.

e Hemorrhage. Reactionary hemorrhage from the wound
may occur if hemostasis has been inadequate, a risk
minimized by the use of bipolar diathermy dissection.
Erosion of the anterior wall of the trachea may well occur
ifa metal tracheostomy tube of incorrect curvature is used.
The overlying innominate artery may also be damaged, in
which event a frequently fatal hemorrhage will result.

e Stenosis. This may occur at the tracheostome if cartilage
is removed during the tracheostomy, or at the tip of the
tube if suction is too vigorous or incorrectly applied.
If the tracheostomy is placed too high and the cricoid
cartilage is damaged by the tube, a subglottic stenosis
may ensue.

e Granuloma formation. A suprastomal granuloma
may form in the tracheal lumen at the upper margin of
the tracheostome where it is irritated by the tube. If it
becomes large enough to interfere with tube changes,
phonation, or decannulation, it should be removed
either with punch forceps via the stoma or endoscopically
using the KTP laser through a bronchoscope. A tube-tip
granuloma may arise as aresult of irritation of the tracheal
wall by either the tip of an ill-fitting tracheostomy tube
or unskilled and over-vigorous suction.

e Suprastomal collapse. Some degree of suprastomal
collapse of the anterior tracheal wall at the upper
margin of the tracheostome is almost inevitable in long-
term pediatric tracheostomies. Usually it is mild, but
occasionally it is sufficiently severe to hinder eventual
decannulation. When the suprastomal flap occludes
up to 50 percent of the airway, it can be successfully
vaporized using the KTP laser through a bronchoscope.
If more than 50 percent of the airway is occluded, a
formal surgical decannulation may be needed, with
anterosuspension of the suprastomal flap or even stomal
reconstruction using a cartilage graft.

e Difficult decannulation. In the absence of persisting
pathology, decannulation is most safely undertaken by
progressively downsizing the tube to one of 3.0 mm inner
diameter, blocking it for 24 hours, and then removing
it if the child can manage comfortably both awake and
asleep with the blocked tube in situ.

e Persistent tracheocutaneous fistula. After prolonged
tracheostomy, removal of the tube may result in a
persistent fistula at the site of the tracheostomy in up to
50 percent of patients. If it fails to close spontaneously
and continues to leak mucus, the tract may be excised
and a formal closure performed.

CRICOTHYROTOMY

In an emergency, for example, in the case of acute
epiglottitis when sudden airway obstruction may occur
and peroral endotracheal intubation may not be possible,
a cricothyrotomy should be considered in preference to a
crash tracheostomy, which can be extremely difficult in the
child whose trachea is soft and may not be easy to identify.
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11 The child is held with the neck extended and the left
hand is placed with the first finger over the cricoid cartilage
and the second over the thyroid cartilage. A transverse stab
incision is made through the cricothyroid membrane. The
blade of the knife is then turned vertically, establishing the
airway so that a tube of suitable size may be inserted to
preserve the airway and to enable general anesthesia to be
undertaken safely. Elective tracheostomy is then performed.
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PRINCIPLES AND JUSTIFICATION

The preauricular sinus is a congenital sinus whose opening
is situated on the anterior aspect of the helix of the pinna.
It results from ectodermal inclusions that arise during
fusion of the six fetal tubercles that form the pinna. The
course of the sinus is unpredictable and often consists
of multiple branches. It passes anteriorly and inferiorly
through the subcutaneous tissue to end in a racemose
group of preauricular cysts and, contrary to some reports,
frequently extends deep to the subcutaneous tissue to be
attached to the cartilage of the pinna. The sinus is often
familial, and may be unilateral or bilateral. In many cases,
the preauricular sinus is completely asymptomatic and
requires no treatment. However, it may present with
an intermittent discharge or become infected, or as a
preauricular abscess. Total excision of the sinus and the
underlying group of preauricular cysts is essential for
cure of the symptomatic sinus and this may also require
excision of a small amount of underlying cartilage at the
point of attachment. Incomplete excision results in a
significant recurrence rate.

PREOPERATIVE ASSESSMENT AND
PREPARATION

Definitive surgery should not be undertaken in the presence
of active infection, which should be treated with anti-
staphylococcal antibiotics. In the case of abscess formation,
this requires either aspiration or excision and drainage.
At the time of formal excision of the sinus, prophylactic
antibiotics should be administered in those cases that have
had previous episodes of infections.

Investigations

The decision about treatment is made on clinical grounds. No
further investigations are routinely required preoperatively.

Consent

Informed consent must be obtained from one of the child’s
parents or the child’s legal guardian. The complications of
bleeding, infection, recurrence, and hypertrophic scarring
must be outlined as part of this process.

Anesthesia

General anesthesia is administered by an endotracheal
tube. Infiltration of the wound with local anesthetic agents
often distorts the dissection plane if done preoperatively,
and this is therefore best reserved for the end of the
procedure. The patient is placed supine on the operating
table and the patient’s head positioned on a head ring.

OPERATION

Skin preparation and draping

Any hair anterior to the pinna should be shaved. The
skin is prepared with either aqueous betadine or aqueous
chlorhexidine. If bilateral sinuses are present, a head
towel is used to maintain a sterile field. In the case of a
unilateral sinus, a standard four-drape technique can be
used. The injection of methylene blue has been advocated
as a method for identifying the ramifications of the sinus.
While some surgeons use this routinely, many find that in
practice it does not prove helpful.
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Incision

1 An elliptical incision is made around the punctum. The
ellipse should also include any scarring that has resulted
from previous infection. The incision is extended inferiorly
in a vertical plane immediately in front of the pinna.
An alternative incision is an inverted L-shape with an
associated skin flap.

Dissection and excision

2 The incision is deepened using a fine monopolar
diathermy point. The ellipse of skin containing the
punctum and underlying sinus is then held using either
toothed Adson forceps or a mosquito hemostat. Dissection
is continued and the underlying group of preauricular
cysts identified. Sometimes, insertion of a lacrimal probe
is helpful to identify the course of the sinus.

3 Further dissection is performed using bipolar diathermy
forceps, ensuring that the skin ellipse, sinus, and cyst are
dissected en bloc. As stated above, the deep attachment of
the sinus is often lying on the cartilage, and excision of a
small amount of cartilage at the point of attachment is often
required to prevent recurrence. During deep dissection,
particular care is taken to preserve the superficial temporal
artery and the preauricular nerve. The sinus, together
with the collection of cysts, is then removed and sent for
routine histopathology. Meticulous hemostasis is ensured
throughout.



Further reading 81

Closure

Once hemostasis has been confirmed, interrupted 5/0
or 4/0 polyglycolic sutures are used to close any defect
in the cartilage. Drainage of the wound is not routinely
required. Bupivacaine 0.25 percent is infiltrated into the
wound to ensure postoperative analgesia. Interrupted 4/0
polyglycolic sutures are then placed in the subcutaneous
tissue, ensuring that the knots are buried.

4 The skin is closed using either a subcuticular 5/0 undyed
polyglycolic suture or, for a more predictable cosmetic
result, interrupted 6/0 nylon sutures, although the latter
can only be used in those infants for whom removal of
sutures is practical. A Steristrip dressing is applied along
the wound together with a small gauze/Mefix pressure
dressing to prevent hematoma formation, and thereby
optimize the cosmetic result.

POSTOPERATIVE CARE

Excision of a unilateral sinus is usually performed as a day
case. The pressure dressing is maintained for 48 hours
after the operation and the wound kept dry during this
time. If interrupted non-absorbable sutures have been
used for skin closure, these should be removed 5 days
postoperatively to prevent a tissue reaction to them.

OUTCOME

Postoperative hematoma and infection can occur, but are
minimized by the techniques described above. Incomplete
excision may result in recurrence of the sinus. This risk
is increased in those cases in which recurrent infection
has preceded excision, as the dissection planes are often
less clearly defined. Using the elliptical incision described
above, the cosmetic result is usually good, although

hypertrophic scarring may result, especially if the wound
becomes infected or the child is of Afro-Caribbean
descent.
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PRINCIPLES AND JUSTIFICATION

PREOPERATIVE

Bronchoscopic examination of the pediatric airway may be
performed electively for the diagnosis and/or management
of airway disease. While flexible bronchoscopy may be
regarded as less invasive, rigid bronchoscopy remains
the most versatile method of airway assessment and is
where this chapter will focus. Urgent rigid bronchoscopy
may be required in the case of foreign body aspiration
and, therefore, a good understanding of bronchoscopic
technique is necessary for the pediatric surgeon. Rarely,
the ventilating bronchoscope may be useful in securing the
difficult airway.

INDICATIONS

e Diagnostic
+ airway assessment, e.g. for stridor
+ assessment of tracheomalacia
+ diagnosis of tracheo-esophageal fistula: H-type or
recurrent
+ biopsy of tracheal/bronchial lesions
+ culture of secretions
e Therapeutic
+ removal of foreign bodies
+ dilatation of stenoses
+ laser destruction of lesions
+ management of severe upper airway obstruction
+ management of pulmonary/tracheal hemorrhage.

Investigations

Anteroposterior and lateral chest radiographs should be
performed in the assessment of foreign body inhalation.
Radio-opaque foreign bodies may be observed directly. In
cases where the foreign body is radiolucent, air trapping,
collapse, or consolidation may be seen.

Anesthesia

Rigid bronchoscopy is performed under general anesthesia
using gaseous and/or intravenous anesthesia. Spontaneous
ventilation is optimal, enabling a dynamic assessment of
airway lesions and is preferred in cases of severe airway
obstruction.

Children should be premedicated with atropine in order
to reduce airway secretions and facilitate the effective
application of topical anesthesia to the larynx. Following
the application of topical anesthesia to the larynx to
prevent laryngospasm, a nasopharyngeal airway is passed
in order to deliver inhalational anesthesia and/or oxygen
until the bronchoscope is in place.



86 Bronchoscopy

OPERATION general anaesthesia (Figures 12.1 and 12.2) (Table 12.1).
For diagnostic evaluation in the spontaneously ventilating
Preparation patient, a rigid Hopkins rod endoscope may be used alone,

reducing equipment diameter and, therefore, reducing
The ventilating bronchoscope and any associated ancillary mucosal trauma. A defogging solution is used to prevent
equipment should be prepared prior to the induction of condensation forming on the lens.

Table 12.1 Storz bronchoscope sizes relative to the child's age and airway diameter.

Preterm-  1-6 6-18 18 months—- 3-6 6-9 9-12 12-14
1 month months  months 3 years years years years years
Cricoid (AP diameter) ID (mm) 3.6-4.8 4.8-5.8 5.8-6.5 6.5-7.4 7.4-82 82-90 9.0-10.7 10.7
Endotracheal tube size ID(mm) 3.0 3.5 4.0 4.5 5.0 6.0 7.0 8.0
Bronchoscope size (Storz) ~ Size 2.5 3.0 3.5 4.0 45 5.0 6.0 6.0
ID (mm) 3.5 4.3 5.0 6.0 6.6 7.1 7.5 7.5
0D (mm) 4.2 5.0 5.7 6.7 7.3 7.8 8.2 8.2

WE@@ &
o .
— ﬂ@ @ Figure 12.2 An assembled Storz ventilating bronchoscope:
(A) ventilating bronchoscope; (B) 15-mm anesthesia port;

E& (C) bridge; (D) suction post with bung; (E) flexible suction tubing;
— E& (F) prismatic light deflector; (G) 0° Hopkins rod endoscope with
fiberoptic light port.

Figure 12.1 Storz ventilating bronchoscopes and ancillary
parts, Hopkins rod endoscopes, and selection of grasping forceps.

Position of the patient

AN
1 The child should be placed supine on the operating ( 0 =
table. The neck should be extended with a shoulder roll ( 2
and the head supported by a head ring. k\ =
\ = )
ML
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Direct laryngoscopy

2 A moistened swab may be used to protect the upper
alveolar ridge in infants. In older children, a silastic gum
guard may be preferred. Direct laryngoscopy is performed
using an appropriate sized open laryngoscope with a lateral
slot. Once the tip of the laryngoscope is in the vallecula,
the larynx is exposed by pulling the epiglottis forward.
Using the upper alveolus or dentition as a fulcrum should
be avoided.

Diagnostic bronchoscopy

Diagnostic evaluation is performed in a systematic
fashion. The bronchoscope is passed distally identifying
the carina, which may appear rather broad in the
neonate. From the carina, to enter the right main
bronchus, the child’s head is rotated to the left and
simultaneously the bronchoscope is angled to the right.
The opposite procedure is followed to enter the left
main bronchus.

A fine flexible suction tube may be passed through the
suction port of the bronchoscope to clear secretions.

Introducing the bronchoscope

3 The bronchoscope is inserted through the laryngoscope
lumen. It is sometimes helpful to unlock the Hopkins rod
from the bronchoscope during insertion and withdraw it
slightly into the lumen of the bronchoscope. As the vocal
cords are approached, the bronchoscope is rotated 90° so
that its leading edge is in an anteroposterior direction.
As the bronchoscope enters the trachea, it is rotated back
90° and the laryngoscope is withdrawn. The fingers of
the left hand may be used to support the bronchoscope
at the mouth and protect the lips and alveolus. While the
bronchoscope is in place, the anesthetic circuit should be
connected to the side port of the bronchoscope.

Foreign body removal

Having identified the foreign body, an assessment is made
as to whether the foreign body can be safely rem