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Introduction to Neonatal Surgery

Olivier Reinberg

In 1989, the British National Confidential
Enquiry into Perioperative Deaths (NCEPOD)
ruled “that pediatricians and general surgeons
must recognize that small babies differ from
other patients not only in size and stated that they
pose quite separate problems of pathology and
management” [1].

As pediatric surgeons, we are convinced that
children are not just small adults. This is all the
more true for neonates. Neonates have some
unique problems that require very special knowl-
edge, special surgical managements, and facili-
ties specifically designed for them. Pediatric
surgeons must understand their special needs and
that of their relatives. They must learn team
working with other specialists. They have to cre-
ate the conditions to follow their patients from
birth into adulthood as the treatments do not end
with the healing of the problem but once the child
has become an adult.

With the rapid advances in fetal diagnosis,
babies are no longer referred at the time of birth,
but when prenatal diagnosis is made even if ter-
mination of pregnancy is planned because of an
expected poor prognosis. Direct contacts between
the prenatal team, the neonatologists, and the
pediatric surgeons are also highly recommended
to ensure continuity in the messages delivered to
the parents.

0. Reinberg (b))
Department of Pediatric Surgery, Lausanne, Switzerland

© Springer Nature Switzerland AG 2019

We live now in the era of evidence-based med-
icine (EBM), and best evidences are generated
from prospective trials. Unfortunately, when
compared with adult general surgeons who may
operate hundreds of similar cases, pediatric sur-
geons perform a great variety of different proce-
dures but few of each. Consequently, the
indications for surgery and the type of procedure
performed in neonates are rarely supported by
randomized controlled trials, the majority being
supported by retrospective studies and surgeon’s
preferences. Hall and Pierro have tried to sum-
marize what was the EBM randomized controlled
trial (RCT) (level I evidence) of some of the most
common neonatal procedures (esophageal atre-
sia, congenital diaphragmatic hernia (CDH),
bowel atresia, anorectal malformations, anterior
abdominal wall defects, congenital lung lesions,
Hirschsprung’s disease, inguinal hernia, necro-
tizing enterocolitis, pyloric stenosis). Their
review highlights the fact that a quality evidence
base supporting many of these interventions is
lacking. Only a few randomized controlled trials
have been done in neonatal diseases such as con-
genital diaphragmatic hernia, necrotizing entero-
colitis, pyloric stenosis, and inguinal hernia. All
of these trials have been based on collaboration
between pediatric surgical units convinced by the
importance of networks to promote multicenter
prospective studies [2].

M. Lima, O. Reinberg (eds.), Neonatal Surgery, https://doi.org/10.1007/978-3-319-93534-8_1
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In 1999, Hardin and Stylianos undertake to
study the current state of the pediatric surgery lit-
erature and its value in determining best clinical
practice. As of March 1, 1998, they found 9373
references provided through Medline. After
review, only 34 studies (0.3%) were classified as
prospective, randomized, controlled studies [3].
Twelve years later, Ostlie and St Peter have done
a similar study in 2010, collecting all randomized
controlled trials from January 1999 through
December 2009 published in the English litera-
ture excluding transplant, oncology, and the other
non-general subspecialties, to conclude that ran-
domized controlled trials represent less than
0.05% of all publications involving pediatric sur-
gery in the 26 journals with at least one trial (<1
trial for every 200 articles) [4]. It is concerning
that they document a similar lack in the twenty-
first century, despite the increased educational
and public expectations placed on EBS.

In a recent lecture, Juan Tovar advocated to
which extent pediatric surgery needs to base its
therapeutic attitudes and operations on a solid
research background [5]. This is particularly
difficult on the field of clinical research because
of the low prevalence of many of the conditions
involved and also because of the fact that
patients are minors that are not entitled to give
informed consent by themselves for random-
ized studies. As regards laboratory research,
this specialty is scarcely interesting for basic
scientists. This situation can only be improved
by prospective randomized studies performed
in network collaboration with other hospitals/
countries and by basic research conducted by
pediatric surgeons and/or in association with
other scientists [5].

Among the three particularly relevant recom-
mendations that NCEPOD made in the report on
perioperative pediatric deaths [1], the first one
was: “surgeons and anesthetists should not under-
take occasional pediatric practice”. This was also
a statement of the European Union of Medical
Specialists (EUMS) in 1995: “Surgeons taking
care of children should have adequate training in
a pediatric surgical unit. They should also con-
tinue to have regular exposure to this type of
patients.” Neonatal surgery should only be car-

ried out by surgeons and anesthetists whose pedi-
atric workload is of adequate volume to maintain
a high level of surgical competence and to allow
the training of the residents. Congenital birth
defects complicate 3—6% of pregnancies leading
to live birth. As for example of the structural birth
defects associated with significant mortality/
morbidity, CDH is among one of the most com-
mon anomalies, occurring in about one per 2000—
3000 live births. Consequently, the opportunity
of training—and to keep his expertise—on a
CDH is low. Added to these facts, the combina-
tion of a shortened training period and the “new
deal” on junior doctors about the number of hours
has serious implications for training.

This means that neonatal malformations need
to be concentrated in some centers to allow suf-
ficient case load. There are arguments for and
against such large regional specialist pediatric
centers. The benefits of centralization include
concentration of expertise, more appropriate con-
sultants on call, development of support services,
and training. The disadvantages include children
and their families far from their homes and the
loss of expertise at a local level. The benefits of
centralization far outweigh the adverse effects of
having to take children to a regional pediatric
intensive care center [6]. Unfortunately, in many
places, politicians favor the multiplication of
small regional centers to satisfy their voters who
are poorly informed of the cold hard facts.

Nowadays, it is unacceptable to train on real
patients. The new technologies, namely, minimal
invasive surgery and simulators, have been of
great help using simulation technology to reduce
risks to both students and patients by allowing
training, practice, and testing in a safe environ-
ment prior to real-world exposure. This is sup-
ported by interest in quality of care, restrictions
on the use of animal models, limited number of
cases, medicolegal pressures, and cost-effective
performance. Many models are available. The
usefulness of mechanical simulators with faithful
models have been proven efficient: hypertrophic
pyloric stenosis (Plymale, 2010), closure of pat-
ent peritoneo-vaginal tract (Breaud, 2014),
pyeloplasty (Breaud, 2014), esophageal atresia
(Maricic and Bailez, 2012; Barsness, 2014), and
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CDH (Barsness, 2013). They have shift to realis-
tic interactive models. Computerized modern
technology with electronically assisted devices
and virtual reality environment has provided new
tools to the mechanical simulators.

We have now the tools to evaluate cognitive/
clinical skills, technical skills, and social/interactive
skills as we have seen how important this could be
in neonatal surgery. Surgical simulators (mechani-
cal, computerized, virtual) and models (animals and
interactive) are the appropriate tools to learn, to
train, to assess surgical skills, and to keep his exper-
tise, in spite of the small number of cases.

Becoming a pediatric surgeon requires com-
pletion of one of the longest training programs
among the medical systems and probably the
widest as they have to learn a great variety of pro-
cedures but few of each. While specialization
among adult surgeons usually focuses on a par-
ticular organ or region of the body, pediatric sur-
gery deals with a defined age group. Pediatric
surgeons are trained to operate anywhere on the
body, and thus they appear to be probably the last
general surgeons. They must ask their authorities
to provide them modern tools to avoid training on
real babies. Undoubtedly, this is expensive, but as
said by Bok Derek at Harvard Law School, “If
you think education is expensive, try ignorance!”
They have to learn teamwork and multicenter

collaboration. This will be the challenge of the
new generation of pediatric surgeons to promote
collaboration between pediatric surgical units
and to create networks as to publish multicenter
prospective studies with adequate sample sizes.

In spite of these daunting challenges, they
remain some courageous volunteers as you prob-
ably are, you reader of this book. We need neona-
tal surgeons, motivated, well trained, wishing to
transmit their skills and their knowledge to the
future one.
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Anesthesiological Considerations:
Stabilization of the Neonate, Fluid
Administration, Electrolyte
Balance, Vascular Access, ECMO,
Bronchoscopy, and Pain

in Neonates

Fabio Caramelli, Maria Teresa Cecini, Monica Fae,
Elisa lannella, and Maria Cristina Mondardini

2.1  Introduction

Despite progress in anesthesiology, neonatal
anesthesia today still represents one of the most
challenging areas in this field for the anatomical,
physiopathological, and pharmacological fea-
tures of newborn babies and requires not only
highly specialist knowledge but also manual and
technical skills, owing to the size and fragility of
these patients.

The mortality rate linked to anesthesiological
problems has fallen dramatically in neonates and
infants from 1/10,000 in the 1960s to 1/100,000
(1/1,000,000 in healthy patients) today, but it is
considerably higher than the equivalent rate in
adults.

This proves the particular vulnerability of this
patient group, mainly due to difficulties in airway
management, the presence of congenital lesion or
syndromes, coexisting pathologies, and, poten-
tially, prematurity.

Furthermore, the developing brain seems to be
susceptible to the damaging effects of the anes-
thetic drugs. Extensive literature from laboratory
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and animal studies [1, 2], as well as some epide-
miological and cohort studies in humans [3-6],
provide evidence of neurotoxic (apoptotic) effects
of anesthetics during the synaptogenesis, which
can induce long-term neurocognitive deficits.

On December 14, 2016, the Food and Drug
Administration (FDA) issued a warning state-
ment for the USA regarding the use of anesthesia
or sedation in children less than 3 years of age
[7]. Nevertheless, the hypothesis of anesthetic
neurotoxicity has not been confirmed in humans,
at least for a single and short-term anesthesia [8,
9]; therefore, the FDA warning is not shared by
several Anesthesia European Societies [10].

At the same time, the focus is actually concen-
trating also on the need to ensure the newborn a
safe conduct of general anesthesia and good peri-
operative clinical practice. The Safetots initiative
(http://www.safetots.org/) highlights that there is
a casual relationship between poor anesthetic
conduct and risk of neuromorbidity.

In fact, several perioperative events may cause
cerebral morbidity. The concept of 10-N has been
proposed by the Safetots initiative to prevent neu-
rological injury. The 10-N principles provide a
simple matrix of clinical goals: No fear,
Normovolemia, Normotension, Normal heart
rate, Normoxemia, Normocapnia, Normonatremia,
Normoglycemia, —Normothermia, and No
postoperative discomfort [11]. It is recommended
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that the 10-N be applied to maintain physiological
homeostasis.

The development of pharmacological knowl-
edge, the availability of new smaller medical devices,
the doubts related to the aforementioned safety of
anesthetic agents, and, above all, the increased
spread of ultrasound in the field of anesthesia have
led to a progressive increase in the use of locore-
gional anesthesia techniques even in babies.

These safe and effective techniques can be
easily used in selected cases, even without seda-
tive drugs, employing non-pharmacological tech-
niques of distraction, as demonstrated by
preliminary report of the ongoing GAS trial [8].

In the following pages, only certain aspects of
the anatomy and physiology of the newborn and
their changing features over time will be touched
on briefly within each individual topic, apart from
those of fluid balance and body composition.

2.2  Surgical Emergencies

and Stabilization

With the advances in care of the newborn over
the last 20 years, most of the surgical pathologies
that were emergencies in the past no longer
require immediate surgery.

This change in the approach toward the surgi-
cal neonate was also born from the evidence that
adequate stabilization time before the operation
is able to improve outcomes, leading the patient
to the surgery in the best possible conditions.

The stabilization of the patient is even more
important if he has to be transferred, given that
the transport is challenging for the physiologic
reserve of the critically ill newborn.

In fact there is greater risk for babies requiring
neonatal intensive care who are transferred ex
utero than those transferred in utero [12].

Stabilization is optimization of clinical condi-
tions and physiologic functions on the basis of
the underlying pathology and its pathophysiol-
ogy, targeting the therapy also on coexisting dis-
eases (e.g., CHDs), as failure to do so may mean
futile every other efforts.

The fundamental concepts of the stabilization
are always the same in medical and surgical

emergencies—detailed medical history, exhaus-
tive physical exam, and management of
ABCDE—such as maintaining correct body tem-
perature, fighting respiratory insufficiency, opti-
mizing blood volume, and cardiac output.

Monitoring, respiratory and cardiac support,
fluid and electrolyte replacement, and optimal
analgesia are the cornerstones of this process, and
this strategy should be carried on also in the oper-
ating theater to avoid any clinical deterioration.

In fact, as already mentioned, maintenance of
physiological homeostasis is key for the safe con-
duct of anesthesia. Experience is recommended to
avoid or minimize complications and adverse events,
especially in neonates, which are prone to hypoten-
sion, desaturation, and effects of anesthetics.

During the perioperative period, it is impor-
tant to avoid not only hypotension, hypocapnia,
and hypoxemia but also hyperoxemia and hypo-
natremia, especially in neonates. All these events
can cause subclinical neuronal damage: hypoten-
sion and hypocapnia can lead to cerebral hypo-
perfusion; hypoxemia is tolerated only for a short
time because neonates have higher oxygen
demand and lower oxygen reserves [13].

Congenital diaphragmatic hernia (CDH) is
prototype of this changed paradigm.

Approximately 1 in 3000 babies is born with a
congenital diaphragmatic hernia [14].

The disorder is characterized by herniation of
the abdominal viscera into the thoracic cavity and
pulmonary hypoplasia. This one, with associated
pulmonary hypertension and ventricular dysfunc-
tion/hypoplasia, is key factor which contributes
to the morbidity and mortality associated with
CDH (30-40%).

The current strategy to postpone surgery until the
cardiorespiratory function is stabilized reflects the
idea that surgery cannot correct these factors [15].

Firstly, after delivery, the infant should be
intubated immediately without bag and mask
ventilation, and a nasogastric tube should be
positioned to avoid bowel distension that can
limit the expansion of the lung [15].

Routine use of surfactant is not recommended
[16], and conventional ventilation seems to offer
better results in comparison with high-frequency
oscillatory ventilation (HFOV) regarding time on
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mechanical ventilation, need of extracorporeal
membrane oxygenation (ECMO), inhaled nitric
oxide (iNO), sildenafil, inotropes, and numbers
of failed treatment, as shown by the recent VICI
(Conventional mechanical ventilation versus
high-frequency oscillatory ventilation for con-
genital diaphragmatic hernia: a randomized clini-
cal trial (the VICI-trial)) [17].

These results probably suggest that minimiz-
ing lung injury is much more important than the
used strategy to reach it.

However, ventilation is not the only way to
improve blood oxygenation. Inotropes and pulmo-
nary vasodilators are also needed to maintain better
systemic/pulmonary blood pressure (BP) and to
counteract right-to-left shunting across the ductus.

Extensive use of echocardiography can not only
give several prognostic factors [18, 19] but also
helps in clinical management, allowing for moni-
toring of pulmonary hypertension, diastolic func-
tion of the right ventricle, dysfunction/hypoplasia
of the left ventricle, and response to the therapy.

iNO, the most frequently used pulmonary
vasodilators [20], failed to improve survival or
reduce the need for ECMO, but, in some cases,
an increase in PaO, was observed [21].

Pulmonary hypertension may also be treated
by several other agents (Milrinone, sildenafil,
PGI,, inhaled iloprost, bosentan) even if there is
limited evidence of positive effects on primary
outcomes [22-26].

However, the hemodynamics, the cardiac
insufficiency, and the pulmonary hypertension
should be managed simultaneously, as previously
described, in order to progressively obtain the
better oxygenation and perfusion with the lesser
ventilatory insult during the stabilization phase.

From this point of view, prostaglandin-E
(PGE), can also be used to improve the hemody-
namics, employing the ductus as a ventricular
vent in case of severe pH and right ventricular
dysfunction [27, 28].

There are no standard criteria to define physi-
ologic stabilization, but also our group has pro-
posed the trend and the value of five different
respiratory and blood-gas-derived indices to
guide the timing of surgery [29]. The reliability
of these indices may probably be increased by the
use of echocardiography [30, 31].

2.3 Fluid Administration
and Electrolyte
Balance in Neonate

in the Perioperative Period

Fluid and electrolyte therapy is an essential com-
ponent of the care of the neonatal surgical patient,
and an accurate understanding of the changing
requirements of growing is fundamental in appre-
ciating the many important pharmacokinetic
changes that occur from birth to childhood.

There are developmental considerations that
anesthesiologists should consider.

Total body water (TBW) content changes
remarkably from before birth until 1 year of age.
At 24 weeks’ gestational age, a baby’s TBW con-
tent is close to 85% of total body weight (BW),
which is due to a large extracellular fluid (ECF)
volume of 40-50% of BW (in comparison with
20% in adults) [32]. This percentage decreases to
75% of total BW for a term newborn but small
for gestational age (SGA); preterm infants have
an even higher TBW content than appropriate for
gestational age babies (AGA) [33].

After birth, the excess of TBW is mobilized
and excreted, and the newborn may lose up to
10-15% of its weight (in preterm babies) in the
first week of life. Then, the intracellular fluid
(ICF) compartment progressively increases at the
expense of the ECF compartment. This means
that extracellular water content falls in parallel
with TBW content, from 45% at term to 20-25%
at 1 year of age. The ECF is further divided into
plasma volume (intravascular fluid, equal to
4-5% of BW and proportionally similar at all
ages) and the interstitial fluid.

There is a similarity in extracellular and intra-
cellular electrolyte composition in children and
adults, but, due to the higher ECF volume in
infants, there is more sodium and chloride per
kilogram and less potassium in infants than in
adults.

Furthermore, newborns carry a lower liver
mass (glycogen stores) and muscle mass (protein
stores) and, therefore, are less able to maintain
the normoglycemia during fasting through glyco-
genolysis and gluconeogenesis.

The postnatal shift in body fluid is principally
mediated through the regulation of water and
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sodium excretion by the kidneys (due to the increase
in atrial natriuretic peptide (ANP) secretion and
tubular insensitivity to aldosterone) [34, 35].

A term newborn’s glomerular filtration rate is
about 25% of that of an adult, and this impairs the
ability to excrete a water load. Renal function is
not completely developed, and, in particular,
sodium clearance is limited. Therefore, the neo-
nate’s kidneys have limited capacity to excrete
both concentrated and diluted urine so are unable
to concentrate urine despite dehydration [36, 37].

Neonates also have large blood volume, high
metabolism, and high fluid turnover rates relative
to their body weight. These changes have impor-
tant implications for drug therapy, fluid manage-
ment, electrolyte needs, and glucose requirements
in the perioperative period.

In particular, neonates undergoing major sur-
gery are at greater risk of developing dehydra-
tion, hyponatremia, and alteration in blood
glucose level [38].

Hyponatremia is the most frequent electrolyte
disorder in the postoperative period [39]. Recent
studies have shown that hyponatremia is due to
the administration of hypotonic solutions and the
presence of multiple non-osmotic stimuli for
antidiuretic hormone (ADH) release [40]. Severe
hyponatremia leads to cerebral edema, the main
clinical signs being a decreasing level of con-
sciousness, disorientation, and, in the most severe
cases, seizure, permanent handicap, or death
[41]. Therefore, avoiding infusion of hypotonic
fluids, during surgery and in the early postopera-
tive period, should prevent hyponatremia [42].

Fluid requirement can increase due to high
liquid loss during the perioperative stage, caused
by prolonged fasting, vomit, diarrhea, fever, and
major tissue exposure occurring during abdomi-
nal and thoracic surgery. Therefore, fluid admin-
istration for the neonatal surgical patients must
be aimed at supplying basal metabolism require-
ments (maintenance fluids), compensating preop-
erative fasting and fluid losses (deficit fluids) and
replacing losses during surgery (replacement
fluids).

Conceptually, this distinction between main-
tenance requirements, deficits, and replacement
loss is helpful to plan any intraoperative fluid

management. Although the pathophysiological
bases are well-investigated, some aspects still
remain controversial, mainly in newborn infants.

The goal of infusion therapy is to maintain or
reestablish the neonate’s normal physiological
state in blood volume, tissue perfusion, metabolic
function, electrolyte, and acid-base balance [43].

The optimal regimen of fluid management is
still a matter of debate, and great concerns remain
about the type of fluids, the ideal composition of
solutions, and the amount of fluids that should be
administered [44].

In any event, the neonatal anesthesiologist
must bear in mind that the preoperative fasting
times for patients should be as short as possible
to prevent newborn dehydration, ketoacidosis,
and discomfort [45].

In line with the European Consensus Statement
Guidelines, recent literature recommends the use
of low glucose (1-2.5%) isotonic balance solu-
tions during neonatal surgery. These types of flu-
ids have been shown to maintain acceptable
glucose levels and prevent electrolyte imbalances
in the perioperative period [46].

Due to the renal function immaturity, the
majority of synthetic colloids should not be used.
The colloid molecules are large and cannot be fil-
tered by the kidneys; therefore, they remain in
plasmatic volume for an unpredictable time.

Albumin 5% has been considered the gold
standard for the maintenance of colloid osmotic
pressure in neonates and continues to be the most
frequently used fluid in volume replacement
therapy.

The “right amount” of fluid administration
still remains uncertain; however, a fluid infusion
rate of approximately 10 mL/kg/h is required in
neonates [47].

The most useful parameters that assess the effi-
cacy of the intraoperative infusion therapy are
mean arterial blood pressure, heart rate, capillary
refill time, core-peripheral temperature gradients,
base deficits, and blood glucose levels.
Measurement of central venous pressure and diure-
sis do not predict the real fluid responsiveness.

In case of major surgery, regular (hourly)
blood gas analyses should be performed to assess
the acid-base status (base excess, lactate) and
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blood glucose level. It is recommended to use a
syringe pump or infusion pump in order to avoid
accidental overload fluid infusions during neona-
tal intraoperative fluid therapy.

In the postoperative period, neonates on intra-
venous fluid therapy need to be evaluated regu-
larly with daily weight measurements, fluid
balance assessment, plasma electrolytes, and glu-
cose concentrations.

24  Pharmacology

The pharmacokinetics and the pharmacodynamics
in neonates are often difficult to predict; there are
considerable interindividual differences and vari-
ability related to gestational age, postnatal age,
coexisting diseases, and different genetic poly-
morphisms. Indeed, pharmacological data is often
lacking and extrapolated from adults by allometric
equations with corrective factors for the matura-
tion of metabolic functions [48] (Box 2.1).

Not only is distribution volume increased in
neonates but also metabolic/elimination ability is
reduced at birth; this depends on postconcep-
tional age and changes quite rapidly over time
[49, 50].

Pharmacodynamics of anesthetics is also
affected by rapid changes in neuronal connec-
tions, functional interrelationships, regional
blood flow, and number of y-aminobutyric acid
type A (GABA,) receptors in the developing
human brain [51].

Often the use of drugs is off-label in neonates;
only a minority (<5%) of the medications used in
hospitalized neonates had been approved by the
FDA, and no anesthetics had updated labeling for
premature babies above 29 weeks of GA [52, 53].

Neonates have narrower margins of error in
drug delivery and dilution as well as a higher
incidence of drug substitution and drug dosage
errors in comparison with adults, increasing the
clinical risk of drugs with a low therapeutic
index, like anesthetics [54].

Furthermore, adult monitoring systems of
anesthesia levels are not validated for use in neo-
nates, making the measurement of the pharmaco-
dynamics anesthetic targets impossible [55].

Therefore, clinical evaluation maintains a piv-
otal role in the management of anesthesia.

In this setting, inhalation agents usually
remain the preferred choice of neonatal anesthe-
siologists for their versatility, predictability, and
singular pharmacokinetics, independent of the
different organ functions.

2.5  Vascular Access in Neonates
Adequate vascular access is often challenging in
neonates [56] but is fundamental in modern
emergency and intensive care and plays a deci-
sive role in stabilization of the patient.

Nowadays, the use of ultrasound (US) has
greatly increased the percentage of success in
gaining vascular access [57], but, given the size
of neonatal structures, equipment with a small
linear probe at high frequency (>10 MHz) is
needed. Furthermore, it should include Doppler,
which allows screening for occlusion and throm-
bosis, and zoom functions.

The vessel can be visualized in the short-axis
view (SAX), where the probe is placed transver-
sally to the direction of the vessel, which is seen
in cross section, and in the longitudinal view or
long-axis view (LAX), where the probe follows
the direction of the vessel, which is seen in its
length.

According to the chosen visualization
approach, the progression of the needle will be
placed in the US beam, so called in-plane (IP) or
will cross it perpendicularly, so called out-of-
plane (OOP).

Obviously, in the first case, the movement and
position of the needle can be seen clearly, but it is
not simple to keep the needle in the US beam.

2.,5.1 Peripheral and Central Venous

Catheterization

Several different approaches are possible, and the
choice among these different options is made on
gestational age, size, site availability, underlying
pathology, and, above all, duration of and indica-
tion for vascular access.
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They can be classified on the basis of site of
access and tip position (umbilical, peripheral,
central peripherally inserted, and central) and of
expected length of use (short term, long term, and
permanent).

2.5.1.1 Umbilical Catheters (UC)

The umbilical vein is the recommended emer-
gency access for neonatal resuscitation, and cath-
eters can easily be positioned in the first few days
of life, sometimes up to the end of first week. It is
to consider as any other central line but must be
removed after 5-7 days [58].

Indications for positioning of UC are low GA
(<29 weeks) or higher GA (>29 weeks) but need-
ing mechanical ventilation (MV), total parenteral
nutrition (TPN), hemodynamic support, or intra-
venous infusion in cases of difficult peripheral
access [59].

The choice of size according to ultrasound mea-
surement of the diameter of the inferior vena cava
and ecographic evaluation of tip position are
strongly recommended. A high position is optimal,
where the catheter is advanced through the ductus
venosus into the IVC. If a radiological check is car-
ried out, the optimal response is the T6-T9 space,
above the diaphragm. The tip of a UC in the heart
may result in perforation, pericardial effusion with
cardiac tamponade, potentially fatal arrhythmias,
endocavitary thrombosis, or pleural effusion.

A UC placed in the portal system can lead to
necrotizing enterocolitis, colonic perforation,
necrosis and hepatic hematomas, hepatic cysts
perforating vessels of the portal system, and por-
tal hypertension. Future perspective is to follow
the catheter under echographic vision along its
progression up to the optimal point. UC migra-
tions have been demonstrated in 50% of patients
in the first 24-48 h.

2.5.1.2 Peripheral Venous
Catheters (PC)

They are generally inserted at the level of superficial
veins of the upper limbs, lower limbs or, in certain
cases, at the level of the scalp. They are indicated in
preterm births >31 weeks. GA or at term which
should receive non-hyperosmolar fluid therapy for a
short period of time (maximum 6 days).

In addition to needle cannulas, long cannulas
(mini-midline) and long peripheral catheters
(midline) may be used, and, in these cases with
peripheral access, it is possible to advance and
position the catheter up to a great vessel, which
allows for it to be kept in place for a longer period
of time and to be used for endovenous solutions
with higher osmolarity.

Peripheral access can also be gained by using
a surgical venous cutdown (the saphenous vein is
the usual primary choice). This method, fre-
quently used in the past, today has a limited role
only in emergency situations when other periph-
eral, central, and intraosseous attempts fail.

Intraosseous Catheters

Intraosseous catheters still have a major role in
life-threatening emergency situations when other
access methods fail and when time is of the
utmost importance.

In neonates, the preferred choice is the proxi-
mal tibia, but other sites are the distal tibia and
distal femur [60].

The pediatric resuscitation guidelines from
the American College of Surgeons Advanced
Trauma Life Support (ATLS) manual recom-
mend that intraosseous access should be estab-
lished in the newborn in case of circulatory
collapse if umbilical venous access cannot be
rapidly achieved [61].

2.5.1.3 Peripherally Inserted Central
Catheters (PICC)

In the same way, as described above for midline

catheters, the tip can be placed in a central posi-

tion (at the junction of the superior vena cava

with the right atrium).

Usually, a suitable vein is selected under US
guidance, and the skin is carefully cleaned and
draped. The vein is cannulated using a removable
needle, a peelable cannula, or semi-Seldinger
technique. The catheter is then inserted into the
vein and slowly advanced up to the desired
length. Correct catheter tip location must be veri-
fied either radiologically or ultrasonographically
or using intracavitary electrocardiography.

PICCs combine the advantages of peripheral
catheters (less infection risk, fewer complications



	Contents
	Contributors
	1: Introduction to Neonatal Surgery
	References

	Part I: General
	2: Anesthesiological Considerations: Stabilization of the Neonate, Fluid Administration, Electrolyte Balance, Vascular Access, ECMO, Bronchoscopy, and Pain in Neonates
	2.1	 Introduction
	2.2	 Surgical Emergencies and Stabilization
	2.3	 Fluid Administration and Electrolyte Balance in Neonate in the Perioperative Period
	2.4	 Pharmacology
	2.5	 Vascular Access in Neonates
	2.5.1	 Peripheral and Central Venous Catheterization
	2.5.1.1	 Umbilical Catheters (UC)
	2.5.1.2	 Peripheral Venous Catheters (PC)
	Intraosseous Catheters

	2.5.1.3	 Peripherally Inserted Central Catheters (PICC)
	2.5.1.4	 Central-Inserted Central Catheter (CICC)
	Complications of Central Access


	2.5.2	 Arterial Catheterization

	2.6	 Neonatal Bronchoscopy
	2.6.1	 Flexible Bronchoscopy (FB)
	2.6.1.1	 Indications
	2.6.1.2	 Contraindications
	2.6.1.3	 Complications

	2.6.2	 Rigid Bronchoscopy (RB)
	2.6.2.1	 Obstruction of the Central Airways
	2.6.2.2	 Extraction of Foreign Body
	2.6.2.3	 Complications


	2.7	 Extracorporeal Life Support (ECLS or ECMO)
	2.8	 Pain in the Newborn
	2.9	 Summary
	References

	3: Imaging in Neonates
	3.1	 Neonatal Chest Imaging
	3.1.1	 Radiography
	3.1.2	 Ultrasonography (US)
	3.1.3	 Magnetic Resonance Imaging (MRI)
	3.1.4	 Computed Tomography (CT)

	3.2	 Gastrointestinal Neonatal Imaging
	3.2.1	 Radiography
	3.2.2	 Contrast Studies
	3.2.3	 Ultrasonography (US)
	3.2.3.1	 Upper GI Tract
	3.2.3.2	 Small and Large Bowel
	3.2.3.3	 Other Diseases

	3.2.4	 Magnetic Resonance Imaging (MRI)
	3.2.5	 Computed Tomography (CT)

	3.3	 Urogenital Neonatal Imaging
	3.3.1	 Ultrasonography (US)
	3.3.1.1	 Urinary System
	3.3.1.2	 Genital System

	3.3.2	 Contrast Studies
	3.3.3	 Magnetic Resonance Imaging (MRI)
	3.3.4	 Other Diagnostic Techniques

	References

	4: Neonatal Surgical Education in Minimally Invasive Surgery Based on Simulation
	4.1	 Introduction
	4.2	 NMIS Curricula Including Simulation in Pediatric Surgery Training Programs
	4.3	 Course Contents
	4.3.1	 Level 1: Basic or Essential Skills Course
	4.3.2	 MIS Suture and Knots
	4.3.3	 Level 2: Advanced Course
	4.3.4	 Level 3: Neonatal Advanced Course

	4.4	 NMIS Instructors, Models, and Knots
	4.4.1	 Instructors
	4.4.2	 Models
	4.4.2.1	 Esophageal Atresia with Tracheoesophageal Fistula (TEF/EA) [2] (Fig. 4.7)
	4.4.2.2	 Duodenal Atresia (DA) [3] (Fig. 4.8)
	4.4.2.3	 Congenital Diaphragmatic Hernia Repair (CDH) [4] (Fig. 4.9)
	4.4.2.4	 Lobectomies (Fig. 4.10)
	4.4.2.5	 Hepaticojejunostomy (Choledochal Cyst) (Fig. 4.11)

	4.4.3	 Knots

	4.5	 Conclusion
	References


	Part II: Head and Neck
	5: Congenital Choanal Atresia
	5.1	 Introduction
	5.2	 Diagnostic Approach
	5.2.1	 Clinical Presentation
	5.2.2	 Associated Comorbidities
	5.2.2.1	 CHARGE Syndrome
	5.2.2.2	 Treacher Collins Syndrome (TCS)

	5.2.3	 Diagnostic Methods

	5.3	 Management
	References

	6: Facial Cleft and Pierre Robin Sequence
	6.1	 Embryology, Epidemiology, and Genetics
	6.2	 Antenatal Diagnosis
	6.3	 Feeding the Baby
	6.4	 Pierre Robin Sequence and Syndrome
	6.5	 Primary Surgery
	6.5.1	 Historical Elements
	6.5.2	 Age of Surgery
	6.5.3	 Preparation for the Surgery
	6.5.4	 Principles
	6.5.5	 Labioplasty
	6.5.6	 Palatal Repair: Veloplasty and Staphylorraphy
	6.5.7	 Veloplasty
	6.5.8	 Staphylorraphy

	6.6	 Ear, Nose, and Throat Problems
	6.6.1	 Tympanometry and Audiometry

	6.7	 Speech
	6.8	 Orthodontics and Alveolar Bone Graft
	6.9	 Maxillofacial Surgery
	6.10	 Psychological Impact
	6.11	 Secondary Surgery
	6.11.1	 Pharyngoplasty and Pharyngeal Flap
	6.11.2	 Oronasal Fistula
	6.11.3	 Labioplasty
	6.11.4	 Rhinoplasty

	6.12	 Support Group and Multidisciplinary Team
	References

	7: Macroglossia
	7.1	 Introduction
	7.2	 Diagnostic Approach
	7.2.1	 Diagnostic Methods
	7.2.2	 Associated Comorbidities
	7.2.2.1	 Down Syndrome
	7.2.2.2	 Beckwith-Wiedemann Syndrome (BWS)
	7.2.2.3	 Mucopolysaccharidosis (MPS)
	7.2.2.4	 Systemic Amyloidosis
	7.2.2.5	 Congenital Hypothyroidism (CH)
	7.2.2.6	 Lymphatic Malformation

	7.2.3	 Diagnostic Workflow

	7.3	 Management
	7.3.1	 Nonsurgical Management
	7.3.2	 Surgical Management

	References

	8: Midline and Lateral Cysts and Sinuses of the Neck
	8.1	 Midline Cervical Swellings
	8.2	 Lateral Cysts and Sinus of the Neck
	References


	Part III: Chest
	9: Congenital Thoracic Deformities
	9.1	 Introduction and Classification
	9.2	 Pectus Excavatum
	9.2.1	 Etiopathogenesis
	9.2.2	 Pathophysiology
	9.2.3	 Clinical Evaluation
	9.2.4	 Tests and Imaging
	9.2.5	 Management

	9.3	 Pectus Carinatum
	9.3.1	 Etiopathogenesis
	9.3.2	 Classification
	9.3.3	 Clinical Presentation and Imaging
	9.3.4	 Management

	9.4	 Costal Anomalies
	9.4.1	 Simple Costal Anomalies
	9.4.2	 Double Costal Anomalies
	9.4.3	 Complex Costal Anomalies
	9.4.4	 Syndromic Costal Anomalies
	9.4.4.1	 Jeune Syndrome
	Type I, Major Form (70%)
	Type II, Minor Form (30%)

	9.4.4.2	 Jarcho-Levin Syndrome
	9.4.4.3	 Cerebrocostomandibular Syndrome
	9.4.4.4	 Others


	9.5	 Poland Syndrome
	9.5.1	 Etiopathogenesis
	9.5.2	 Clinical Presentation and Assessment

	9.6	 Sternal Anomalies
	9.6.1	 Thoracic Ectopia Cordis
	9.6.2	 Cervical Ectopia Cordis
	9.6.3	 Thoracoabdominal Ectopia Cordis
	9.6.4	 Sternal Cleft or Bifid Sternum

	9.7	 Clavicle-Scapular Anomalies
	9.7.1	 Clavicular Malformations
	9.7.2	 Scapular Malformations
	9.7.3	 Combined Malformations

	9.8	 Associated Spinal Deformities
	References

	10: Mediastinal Masses
	10.1	 Introduction
	10.2	 Incidence
	10.3	 Embryology
	10.4	 Clinical Implication
	10.5	 Prenatal and Perinatal Management
	10.5.1	 EXIT Procedure

	10.6	 Diagnostic Tools
	10.6.1	 Laboratory
	10.6.2	 Imaging
	10.6.2.1	 Chest X-Ray
	10.6.2.2	 Ultrasounds
	10.6.2.3	 Echocardiography
	10.6.2.4	 Upper Gastrointestinal Tract X-Ray
	10.6.2.5	 Computed Tomography
	10.6.2.6	 Magnetic Resonance Imaging
	10.6.2.7	 Positron Emission Tomography (PET)


	10.7	 Esophageal Duplications
	10.8	 Bronchogenic Cyst
	10.9	 Lymphangiomas
	10.10	 Neurogenic Tumors
	10.11	 Teratomas and Germ Cells Tumors
	10.12	 Thymic Tumors
	10.13	 Lymphoid Tumors
	10.14	 Other Lesions
	References

	11: Pneumothorax and Chylothorax
	11.1	 Introduction
	11.2	 Risk Factors
	11.3	 Sign and Symptoms
	11.4	 Diagnostic Tools
	11.4.1	 Chest X-Ray
	11.4.2	 Sonography
	11.4.3	 Other Signs
	11.4.4	 Transillumination

	11.5	 Management
	11.6	 Outcome
	11.7	 Chylothorax
	11.7.1	 Introduction
	11.7.2	 Embryology and Anatomy
	11.7.3	 Physiopathology
	11.7.4	 Etiology
	11.7.5	 Clinical Manifestations
	11.7.6	 Diagnosis
	11.7.7	 Therapy
	11.7.8	 Prenatal Management

	References

	12: Congenital Pulmonary Airway Malformations: From the Prenatal Diagnosis to the Postoperative Follow-Up
	12.1	 Introduction
	12.2	 Histopathology and Lung Development
	12.2.1	 Lung Development
	12.2.2	 Genes’ Involvement

	12.3	 Prenatal Diagnosis
	12.3.1	 What Term Is It?
	12.3.2	 Are There US Findings Predictive of Neonatal Respiratory Distress?
	12.3.3	 Are There Any Signs of Fetal Distress?
	12.3.4	 What Prenatal Workout Should Be Done?
	12.3.5	 Do Parents Need a Prenatal Counseling?

	12.4	 Postnatal Management
	12.4.1	 At Birth
	12.4.2	 Treatment

	12.5	 Conclusion
	References
	Lung Development
	Prenatal Diagnosis
	Postnatal Management


	13: Congenital Diaphragmatic Hernia
	13.1	 Introduction
	13.2	 Embryology
	13.3	 Diagnosis and Clinical Features
	13.3.1	 Antenatal
	13.3.2	 Neonatal Period
	13.3.3	 Misdiagnosed CDH

	13.4	 Management
	13.4.1	 Antenatal
	13.4.2	 Postnatal

	13.5	 Surgical Repair
	13.5.1	 Surgical Timing
	13.5.2	 Open Transabdominal Repair
	13.5.3	 Video-Assisted Thoracoscopic Repair
	13.5.4	 Complications
	13.5.5	 Outcome

	References

	14: Esophageal Atresia and Tracheoesophageal Fistula
	14.1	 Definition
	14.2	 Epidemiology
	14.3	 Pathogenesis
	14.4	 Clinical and Syndromic Associations
	14.5	 Classification
	14.6	 Diagnosis and Clinical Findings
	14.6.1 Prenatal Diagnosis
	14.6.2 Diagnosis at Birth
	14.6.3 Delayed Diagnosis

	14.7	 Management
	14.8	 Surgery
	14.8.1 Esophageal Atresia with Distal Tracheoesophageal Fistula (Type III EA, Short Gap)
	14.8.2 Difficult Cases
	14.8.3 Long-Gap Esophageal Atresia
	14.8.4 Type V Esophageal Atresia (H-Type Isolated Tracheoesophageal Fistula)

	14.9	 Complications
	14.9.1 Anastomotic Leak
	14.9.2 Esophageal Stricture
	14.9.3 Chylothorax
	14.9.4 Recurrent Tracheoesophageal Fistula
	14.9.5 Dysphagia and Esophageal Dysmotility
	14.9.6 Gastroesophageal Reflux (GER)
	14.9.7 Persistent Respiratory Symptoms

	14.10	 Focus on Thoracoscopic Management of Esophageal Atresia and Congenital Stenosis
	14.10.1 Introduction
	14.10.2 Centre for Upper GI and Airway Pathology
	14.10.2.1	 Esophageal Atresia
	14.10.2.2	 Esophageal Stenosis

	14.10.3 Long-Gap Esophageal Atresia
	14.10.4 Airway Anomalies
	14.10.5 Follow-Up

	References


	Part IV: Gastrointestinal
	15: Gastroesophageal Reflux in the First Year of Life
	15.1	 Introduction
	15.2	 Why GER Is So Frequent in Newborns and Young Babies
	15.3	 GERD in Newborns and Toddlers Without Concurrent Diseases (Comorbidities)
	15.4	 GERD in Newborns and Toddlers with Concurrent Conditions (Comorbidities)
	15.5	 How and When to Use Diagnostic Tests for GERD in Newborns and Toddlers
	15.5.1	 How to Test Children Below 1 Year Without Comorbidities
	15.5.2	 How to Test Children Below 1 Year with Comorbidities

	15.6	 Tools for the Treatment of GERD in the First Year of Life
	15.7	 Treatment of GERD in the First Year of Life
	15.8	 Results of the Treatment of GERD
	15.9	 Conclusion
	References

	16: Hypertrophic Pyloric Stenosis and Other Pyloric Affections
	16.1	 Hypertrophic Pyloric Stenosis
	16.1.1	 History
	16.1.2	 Epidemiology
	16.1.3	 Etiology
	16.1.4	 Pathology
	16.1.5	 Clinical Presentation
	16.1.6	 Physiopathology
	16.1.7	 Differential Diagnosis and Associated Anomalies
	16.1.8	 Diagnosis
	16.1.9	 Management
	16.1.9.1	 Preoperative Preparation

	16.1.10 Operative Treatment
	16.1.10.1	 Open Procedure
	16.1.10.2	 Laparoscopic Procedure
	16.1.10.3	 Evolving Techniques
	16.1.10.4	 Single-Port Laparoscopic-Assisted Pyloromyotomy: Operative Technique [55]

	16.1.11 Postoperative Care
	16.1.12 Nonoperative Treatment
	16.1.13 Complications

	16.2	 Pyloric Atresia
	16.2.1	 Introduction
	16.2.2	 Etiology
	16.2.3	 Pathology
	16.2.4	 History and Physical Examination
	16.2.5	 Presentation
	16.2.6	 Diagnosis
	16.2.7	 Management
	16.2.8	 Operative Technique
	16.2.9	 Prognosis

	16.3	 Prepyloric Antral Diaphragm
	16.3.1	 Definition
	16.3.2	 Presentation
	16.3.3	 Diagnosis
	16.3.4	 Management

	References

	17: Gastric Volvulus
	17.1	 History
	17.2	 Classification
	17.3	 Incidence
	17.4	 Clinical Presentation
	17.5	 Radiological Features
	17.6	 Treatment
	17.6.1	 Medical Treatment [12–14]
	17.6.2	 Surgical Treatment [10, 12, 15–18]

	References

	18: Bowel Atresia and Stenosis
	18.1	 Epidemiology
	18.2	 Pathogenesis
	18.3	 Duodenal Atresia and Stenosis
	18.3.1	 Prenatal Diagnosis

	18.4	 Classifications
	18.5	 Diagnosis at Birth
	18.5.1	 Associated Malformations
	18.5.2	 Surgical Treatment

	18.6	 Complications
	18.7	 Prognosis
	18.8	 Jejunoileal Atresia
	18.8.1	 Prenatal Diagnosis
	18.8.2	 Pathology

	18.9	 Diagnosis at Birth
	18.9.1	 Classification
	18.9.2	 Surgical Treatment
	18.9.3	 Anastomosis
	18.9.4	 Enterostomies

	18.10	 Colonic Atresia
	18.10.1 Prenatal Diagnosis
	18.10.2 Diagnosis at Birth and Classification
	18.10.3 Associated Malformations
	18.10.4 Treatment

	18.11	 Conclusion
	References

	19: Meconium Ileus
	19.1	 Introduction
	19.2	 Cystic Fibrosis
	19.3	 Prenatal Diagnosis
	19.4	 Presentation, Initial Management and Investigation
	19.5	 Conservative Management
	19.6	 Operative Management: Simple Meconium Ileus
	19.7	 Complex Meconium Ileus
	19.8	 Post-Operative Management
	19.9	 Nutrition
	19.10	 Respiratory Support
	19.11	 Other Complications of Cystic Fibrosis
	19.12	 Prognosis
	References

	20: Gastrointestinal Tract Duplications
	20.1	 Introduction
	20.2	 Pathogenesis
	20.3	 Pathology
	20.4	 Clinical Presentation
	20.5	 Diagnosis
	20.6	 Treatment
	20.7	 Esophageal Duplication Cysts
	20.8	 Gastric Duplication Cysts
	20.9	 Bronchogenic Duplication Cysts
	20.10	 Pancreatic Duplications
	20.11	 Small Bowel Duplication Cysts
	20.12	 Colonic Duplications
	20.13	 Rectal Duplications
	20.14	 Complications
	References

	21: Mesenteric and Omental Cysts
	21.1	 Introduction
	21.2	 Symptoms
	21.3	 Diagnosis
	21.4	 Treatment
	References

	22: Surgical Necrotizing Enterocolitis: Early Surgery - The Key to Live Bowel and Quality Life
	22.1	 Introduction
	22.2	 Pathophysiology of NEC
	22.3	 The Clinical Picture: Diagnostic Features
	22.4	 Management (Table 22.2)
	22.5	 Indications for Surgical Intervention (Table 22.3)
	22.6	 Discussion
	References

	23: Hirschsprung’s Disease
	23.1	 Introduction
	23.2	 Etiology and Pathogenesis
	23.3	 Diagnosis
	23.3.1	 Clinical Aspects
	23.3.2	 Rectal Biopsy
	23.3.3	 Radiological Evaluation
	23.3.4	 Anorectal Manometry

	23.4	 Treatment
	23.5	 Postoperative Management and Outcome
	References

	24: Anorectal Malformations
	24.1	 Introduction
	24.2	 Embryology of ARMs
	24.3	 Etiologic Factors
	24.3.1	 Associated Anomalies
	24.3.2	 Normal Anatomy of the Pelvic Floor
	24.3.3	 Anatomy of the Anal Canal
	24.3.4	 Pathologic Anatomy in Anorectal Malformations
	24.3.5	 Classification of ARMs
	24.3.6	 Clinical Features of ARMs
	24.3.7	 Mild ARMs
	24.3.7.1	 Anterior Anus with or Without Anal Stenosis
	24.3.7.2	 Perineal Fistula and Anal Stenosis in Males

	24.3.8	 Severe ARMs
	24.3.8.1	 Perineal or Vestibular Fistula in a Female
	24.3.8.2	 Cloaca
	24.3.8.3	 Rectourethral Fistula
	24.3.8.4	 Imperforate Anus Without a Fistula

	24.3.9	 Initial Assessment
	24.3.10 Screening for Associated Anomalies

	24.4	 Initial Surgical Management
	24.4.1	 Mild ARMS
	24.4.1.1	 Anterior Anus
	24.4.1.2	 Perineal Fistula, Anal Stenosis or Incomplete Anal Membranes in Males
	24.4.1.3	 Anal Dilatation Programme

	24.4.2	 Severe ARMs
	24.4.2.1	 Perineal and Vestibular Fistulas in Females
	24.4.2.2	 Rectourethral Fistula
	24.4.2.3	 Imperforate Anus Without a Fistula

	24.4.3	 Cloaca
	24.4.4	 Definitive Reconstruction
	24.4.5	 Basic Principles of Aftercare During the First Year of Life
	24.4.6	 Long-Term Bowel Function

	References

	25: Congenital Pouch Colon
	25.1	 Introduction
	25.2	 Definition
	25.3	 Anatomical Criteria
	25.4	 Classification
	25.4.1	 Characteristics of Subtypes

	25.5	 Embryopathogenesis and Aetiology
	25.6	 Histopathology
	25.7	 Clinical Presentation
	25.8	 Investigations
	25.9	 Associated Anomalies
	25.10	 Management
	25.10.1 Preoperative Resuscitation
	25.10.2 Incomplete Pouch
	25.10.3 Complete Pouch
	25.10.3.1	 Management Algorithm of CPC


	25.11	 Follow-Up
	25.12	 Outcome and Prognosis
	25.13	 Future
	References

	26: Inguinal Hernia and Hydrocele
	26.1	 Introduction
	26.2	 General Considerations
	26.2.1	 Diagnosis
	26.2.2	 Anesthesia
	26.2.3	 Anesthetic Risks in Premature Infants
	26.2.4	 Timing of Repair

	26.3	 Operative Techniques
	26.3.1	 Open Inguinal Approach
	26.3.2	 Laparoscopic Approach
	26.3.3	 Tips and Tricks of Laparoscopic Repair in Infants

	26.4	 Management of Incarcerated Inguinal Hernias
	26.5	 Outcome Analysis of Open and Laparoscopic Inguinal Hernia Repair in Neonates and Premature Infants
	26.5.1	 Recurrence
	26.5.2	 Wound Infection
	26.5.3	 Iatrogenic Cryptorchidism, Testicular Atrophy, and Hydrocele
	26.5.4	 Metachronous Inguinal Hernia (MIH) and Contralateral Patent Processus Vaginalis (CPPV)
	26.5.5	 Other Advantages of Laparoscopic Inguinal Hernia Repair in Infants

	26.6	 Current Management of Hydrocele
	References

	27: Intestinal Malrotation and Volvulus
	27.1	 Introduction
	27.2	 History
	27.3	 Epidemiology
	27.4	 Embryology
	27.5	 Classification
	27.5.1	 Complete Nonrotation
	27.5.2	 Partial (Incomplete) Malrotation
	27.5.3	 Malrotation
	27.5.4	 Reversed Malrotation

	27.6	 Associated Anomalies
	27.7	 Clinical Presentation
	27.8	 Diagnostic Imaging Investigations
	27.9	 Treatments
	27.10	 Postoperative Course
	References


	Part V: Liver and Biliary Tract
	28: Biliary Atresia: New Developments
	28.1	 Introduction
	28.1.1	 Epidemiology and Burden of Disease
	28.1.2	 Macroscopic Classification
	28.1.3	 Aetiopathogenesis and Phenotypic Classification
	28.1.4	 Development of the Extrahepatic Bile Ducts
	28.1.5	 Cystic BA
	28.1.6	 Cytomegalovirus-Associated BA
	28.1.7	 Isolated BA

	28.2	 Cellular Kinetics and Inflammation
	28.2.1	 Initiators of Cholangiopathy

	28.3	 Clinical Features
	28.3.1	 Diagnostic Assessment

	28.4	 Screening for BA
	28.5	 Management
	28.5.1	 “Maximally Invasive” Surgery
	28.5.2	 “Minimally Invasive” Surgery

	28.6	 Adjuvant Therapy for Biliary Atresia
	28.6.1	 Corticosteroids
	28.6.2	 Ursodeoxycholic Acid (UDCA)
	28.6.3	 Antiviral Treatment for CMV IgM + ve

	28.7	 Postoperative Complications
	28.7.1	 Cholangitis
	28.7.2	 Portal Hypertension and Oesophageal Varices

	28.8	 Miscellaneous
	28.9	 Outcome and Results
	28.10	 Conclusions
	References

	29: Congenital Hepatic Cysts
	29.1	 Introduction
	29.2	 Simple Hepatic Cysts
	29.2.1	 Aetiology
	29.2.2	 Presentation
	29.2.3	 Management
	29.2.4	 Prognosis

	29.3	 Mesenchymal Hamartoma
	29.3.1	 Aetiology
	29.3.2	 Clinical Features
	29.3.3	 Management
	29.3.4	 Prognosis

	29.4	 Congenital Hepatic Foregut Cysts
	29.4.1	 Histology
	29.4.2	 Presentation
	29.4.3	 Treatment
	29.4.4	 Prognosis

	29.5	 Conclusion
	References

	30: Choledochal Cyst and Congenital Biliary Dilatation
	30.1	 Introduction
	30.2	 Congenital Biliary Dilatation
	30.3	 Choledochal Cyst
	30.4	 Discussion
	References


	Part VI: Anterior Abdominal Wall Defects
	31: Gastroschisis and Omphalocele
	31.1	 Introduction
	31.2	 Embryology and Pathophysiology
	31.3	 Antenatal Screening and Follow-up
	31.4	 Delivery
	31.5	 Clinical Features and Associated Malformations
	31.5.1	 Omphalocele
	31.5.2	 Gastroschisis

	31.6	 Management and Complications
	31.6.1	 Omphalocele
	31.6.2	 Gastroschisis

	31.7	 Early Outcomes
	31.7.1	 Omphalocele
	31.7.2	 Gastroschisis

	References

	32: Omphalomesenteric Duct and Urachal Remnants
	32.1	 Introduction
	32.2	 Normal Embryology
	32.3	 Omphalomesenteric Duct Remnants
	32.4	 Meckel Diverticulum
	32.4.1	 Pathology
	32.4.2	 Clinical Presentation
	32.4.3	 Diagnosis
	32.4.4	 Treatment

	32.5	 Urachal Remnants
	32.5.1	 Epidemiology and Classification
	32.5.2	 Clinical Presentation
	32.5.3	 Diagnosis
	32.5.4	 Treatment

	References

	33: The Bladder Exstrophy-Epispadias Complex (BEEC)
	33.1	 Anatomy of BEEC (Fig. 33.1a, b; Fig. 33.2a, b; Fig. 33.3; Fig. 33.4a, b; Fig. 33.5a, b; Fig. 33.6)
	33.2	 Diagnosis of BEEC
	33.3	 Management of BEEC
	33.3.1	 At Birth

	33.4	 Two Major Treatment Approaches Exist
	33.4.1	 The Classic Stepwise Approach
	33.4.2	 Closure of the Bladder Plate (Fig. 33.7a, b; Fig. 33.8; Fig. 33.9)
	33.4.3	 Surgery of the Epispadiac Genital Tubercle and Urethra (Figs. 33.10, 33.11, 33.12, 33.13, 33.14)
	33.4.4	 Incontinence Surgery (Fig. 33.15a–c)

	33.5	 Complete Primary Repair of Exstrophy (CPRE)
	33.6	 Results
	33.6.1	 Cosmetic
	33.6.2	 Dryness
	33.6.3	 Psychosexual

	33.7	 Conclusion
	References

	34: Prune-Belly Syndrome
	34.1	 Definition
	34.2	 Epidemiology
	34.3	 Pathophysiology
	34.4	 Genetic [11–13]
	34.5	 Clinical Features [1, 3]
	34.6	 Associated Anomalies [1, 3, 14]
	34.7	 Spectrum of Disease [1, 15, 16]
	34.8	 Pseudoprune Syndrome
	34.9	 Investigations
	34.9.1	 Prenatal
	34.9.2	 Postnatal

	34.10	 Management
	34.11	 Surgical Management [1, 3]
	34.12	 Long-Term Outcomes [49, 50]
	References


	Part VII: Tumors
	35: Neuroblastoma in Neonates
	35.1	 Introduction and Epidemiology
	35.2	 Genetic and Risk Factors
	35.3	 Pathology
	35.4	 Clinical Features
	35.5	 Diagnosis
	35.6	 Prognostic Factors and Risk Stratification
	35.7	 Therapeutic Management
	35.7.1	 Low Risk
	35.7.2	 Intermediate Risk
	35.7.3	 High Risk

	35.8	 Surgery of Neonatal Neuroblastoma
	35.8.1	 Primary Tumour from Adrenal Gland
	35.8.2	 Right Adrenal Gland (Fig. 35.2)
	35.8.3	 Left Adrenal Gland
	35.8.4	 Mediastinal Neuroblastoma (Fig. 35.5)

	References

	36: Hepatic Tumours
	36.1	 Vascular Neoplasm
	36.2	 Hepatoblastoma
	36.3	 Surgery of Hepatic Neonatal Tumours
	36.3.1	 Atypical Resections (Nonanatomic Resection)
	36.3.2	 Partial Liver Resection (Anatomic Hepatectomy)
	36.3.3	 Liver Transplantation

	References

	37: Wilms Tumor in Neonates
	37.1	 Introduction and Epidemiology
	37.2	 Genetic and Risk Factors
	37.3	 Clinical Features
	37.4	 Pathology
	37.5	 Diagnosis
	37.6	 Prognostic Factors and Risk Stratification
	37.7	 Therapeutic Management
	37.8	 Surgery of Wilms Tumor
	References

	38: Neonatal Ovarian Cysts
	38.1	 Introduction
	38.2	 Imaging Appearance
	38.3	 Clinical Manifestations and Complications
	38.4	 Differential Diagnosis
	38.5	 Treatment
	38.5.1	 Expectant Management
	38.5.2	 Ultrasound-Guided Cyst Aspiration
	38.5.3	 Laparoscopic Interventions
	38.5.4	 Lower Abdominal Laparotomy
	38.5.5	 Robotic Surgery Approach

	38.6	 Other Considerations
	References

	39: Teratoma: Sacrococcygeal and Cervical
	39.1	 General Considerations
	39.2	 History
	39.3	 Epidemiology
	39.4	 Etiologies
	39.5	 Types and Classifications
	39.6	 Prenatal Diagnosis and Treatments
	39.7	 Postnatal Preoperative Cares and Surgery
	39.8	 Recurrences and Prognosis
	39.9	 Follow-Up
	39.10	 Cervical Teratoma
	References


	Part VIII: Genitourinary
	40: Congenital Ureteropelvic Junction Obstruction
	40.1	 Definition
	40.2	 Classification
	40.3	 Embryogenesis
	40.4	 Etiology and Physiopathology [6]
	40.5	 Epidemiology
	40.6	 Differential Diagnosis
	40.7	 Clinical Manifestation
	40.8	 Diagnosis
	40.8.1 Postnatal Ultrasound
	40.8.2 Diuretic Renal Scintigraphy
	40.8.3 Voiding Cystourethrography
	40.8.4 Intravenous Urography
	40.8.5 Magnetic Resonance Imaging

	40.9	 Postnatal Management According to SFU Classification
	40.9.1 SFU I and II Monolateral Hydronephrosis
	40.9.2 SFU III and IV Unilateral Hydronephrosis
	40.9.3 Bilateral Hydronephrosis SFU III and IV
	40.9.4 Criteria for Surgical Correction

	40.10	 Management of Hydronephrosis According to UTD System [5]
	40.10.1 Antenatally Detected Hydronephrosis
	40.10.2 Postnatally Detected Hydronephrosis

	40.11	 Surgical Treatment
	40.11.1 Anderson–Hynes Pyeloplasty (Dismembered Pyeloplasty): Open Approach
	40.11.2 Laparoscopic Approach
	40.11.3 Retroperitoneoscopic Approach
	40.11.4 Robotic Surgery
	40.11.5 One–Trocar–Assisted Pyeloplasty (OTAP)
	40.11.6 Postoperative Follow-Up
	40.11.7 Complications

	References

	41: Multicystic Dysplastic Kidney
	41.1	 Introduction and Definition
	41.2	 Epidemiology
	41.3	 Etiology
	41.4	 Associated Anomalies
	41.5	 Diagnosis
	41.5.1	 Prenatal Diagnosis
	41.5.2	 Postnatal Presentation

	41.6	 Natural History
	41.7	 Management
	41.8	 Nephrectomy
	References

	42: Vesicoureteral Reflux
	42.1	 Definition
	42.2	 Epidemiology
	42.3	 Clinical Presentation and Diagnostic Pathway
	42.3.1	 Prenatal Hydronephrosis
	42.3.2	 Siblings and/or Offspring of Reflux Patients
	42.3.3	 Children with Febrile Urinary Tract Infections/Pyelonephritis

	42.4	 Imaging
	42.4.1	 Renal and Bladder Ultrasound (US)
	42.4.2	 Voiding Cystourethrogram (VCUG)
	42.4.3	 Renal Cortical Scintigraphy (Dimercaptosuccinic Acid (DMSA) Renal Scan)
	42.4.4	 Echo-Enhanced Cystosonography (CSG)

	42.5	 Treatment
	42.5.1	 Conservative Approach
	42.5.2	 Surgical Approach
	42.5.2.1	 Primary VUR Surgical Treatment
	Endoscopic VUR Treatment
	Ureteral Reimplantation
	Cohen Reimplantation


	42.5.2.2	 Secondary VUR Surgical Treatment
	Primary Valve Ablation
	Vesicostomy
	High Urinary Tract Diversion



	References

	43: Ureterocele
	43.1	 Definition and Demographics
	43.2	 Embryology
	43.3	 Classification
	43.4	 Presentation
	43.5	 Diagnosis
	43.6	 Management: Introduction
	43.7	 Nonoperative Management
	43.8	 Surgical Management
	43.8.1 TUP
	43.8.2 Technique
	43.8.3 Laser

	43.9	 Fetal Intervention
	43.10	 Lower Tract Approaches
	43.10.1 Total Reconstruction (Fig. 43.11)
	43.10.2 Superior Moiety Salvage Procedures

	43.11	 Upper Tract Approaches
	43.11.1 Heminephrectomy with Partial Ureterectomy

	References

	44: Posterior Urethral Valves: Fetal and Neonatal Aspects
	44.1	 PUV: Definition and Physiopathology
	44.2	 PUV: Prenatal Aspects
	44.3	 Postnatal Management
	44.3.1	 Treatment
	44.3.1.1	 Valve Ablation
	44.3.1.2	 Urinary Diversion
	44.3.1.3	 High Diversion


	References

	45: Hydrometrocolpos
	45.1	 Introduction
	45.2	 Definition
	45.3	 Embryopathogenesis
	45.4	 Antenatal Diagnosis
	45.5	 Classification
	45.6	 Clinical Presentation
	45.7	 Associated Anomalies and Syndromes
	45.8	 Investigations
	45.9	 Management
	45.10	 Surgical Options
	45.10.1	 Abdominoperineal Repair of Vagina [1, 2]
	45.10.2	 Total Urogenital Mobilization (TUM) [1, 2]
	45.10.3	 Vaginal Replacement and Posterior Sagittal Anorecto– Vagino–Urethroplasty (PSARVUP) [1, 2]

	45.11	 Results and Follow-Up
	References

	46: Different Sexual Development (DSD)
	46.1	 Introduction
	46.2	 Presentation and Diagnosis
	46.3	 Role of the Surgeon
	46.4	 Gonadal Treatment
	46.4.1	 G1
	46.4.2	 G2
	46.4.3	 G3

	References

	47: Congenital Anomalies of the External Male Genitalia
	47.1	 Penile Agenesis (Aphallia)
	47.2	 Micropenis
	47.3	 Buried/Hidden Penis
	47.4	 Duplication of the Penis (Diphallia) and Bifid Penis
	47.5	 Scrotal Agenesis
	47.6	 Penoscrotal Transposition
	47.7	 Bifid Scrotum
	47.8	 Ectopic Scrotum
	References


	Part IX: Nervous System
	48: Surgical Treatment of Central Nervous System Malformations
	48.1	 Introduction
	48.2	 Hydrocephalus and CSF-Related Disturbances: Etiology and Management
	48.2.1 Hydrocephalus from Aqueductal Stenosis
	48.2.1.1	 Embryology
	48.2.1.2	 Anatomy
	48.2.1.3	 Classification
	48.2.1.4	 Diagnosis
	Fetal Diagnosis
	Postnatal Diagnosis

	48.2.1.5	 Prognosis


	48.3	 Arachnoid Cyst
	48.3.1 Sylvian Cyst
	48.3.2 Suprasellar Cyst
	48.3.3 Convexity Cyst
	48.3.4 Interhemispheric Cyst
	48.3.5 Septum Pellucidum, Velum Interpositum, and Quadrigeminal Cyst
	48.3.6 Posterior Fossa Cyst
	48.3.7 Spinal Cyst

	48.4	 Management of Hydrocephalus and CSF-Related Disturbances
	48.4.1 Neuroendoscopy
	48.4.1.1	 The Endoscope
	48.4.1.2	 Third Ventriculocisternostomy
	48.4.1.3	 Septostomy
	48.4.1.4	 Arachnoid Cysts Marsupialization
	48.4.1.5	 Placement of Catheters
	48.4.1.6	 Computer-Assisted Neuroendoscopy
	48.4.1.7	 Functional Neurosurgery


	48.5	 Shunting Procedures
	48.5.1 CSF Shunt Valves
	48.5.1.1	 Differential Pressure Pre-settled Valves
	48.5.1.2	 Anti-siphoning Devices
	48.5.1.3	 Programmable Valves
	48.5.1.4	 Flow-Regulating Valves

	48.5.2 Shunt Surgery Techniques
	48.5.2.1	 External Ventricular Drainage
	48.5.2.2	 Ventriculoperitoneal Shunt
	48.5.2.3	 Procedure
	48.5.2.4	 Ventriculoatrial Shunt
	48.5.2.5	 Procedure

	48.5.3 Shunt Complications
	48.5.3.1	 Preoperative Period
	48.5.3.2	 Shunt Procedure
	48.5.3.3	 Postoperative Period


	48.6	 Craniofacial Repair for Craniofacial Dysmorphism
	48.6.1 Preoperative Assessment
	48.6.2 Surgical Procedures
	48.6.2.1	 Craniectomy and Suturectomy
	48.6.2.2	 Cranial Vault Remodeling
	48.6.2.3	 Fronto-orbital Advancement and Remodeling


	48.7	 New Minimally Invasive Surgical Techniques for the Treatment of Craniosynostosis
	48.8	 Excision of Cephaloceles
	48.8.1 Intrateutoria Cephaloceles
	48.8.2 Cranial Vault Cephaloceles
	48.8.3 Fronto-ethmoidal or Sincipital Encephaloceles
	48.8.4 Basal Encephaloceles
	48.8.5 Other Forms of Cranial Dysraphism: Atretic Encephaloceles
	48.8.6 Congenital Defects of the Scalp (Aplasia Cutis Congenita)

	48.9	 Chiari Type I Anomaly
	48.9.1 Surgical Pathology
	48.9.2 Posterior Fossa Decompression for Chiari Type I Anomaly

	48.10	 Closure of Myelomeningocele (Spina Bifida Aperta)
	48.11	 Spinal Detethering Technique
	48.11.1 Lipomas
	48.11.2 Adhesions, Bands, Thick Filum, and Diastematomyelia
	48.11.3 Dermal Sinus (Fig. 48.18)

	48.12	 Fetal Surgery
	48.12.1 Prenatal Hydrocephalus
	48.12.2 Myelomeningocele

	References

	49: Central Nervous System Congenital Tumors
	49.1	 Introduction
	49.2	 Risk Factors
	49.3	 Clinical Considerations
	49.4	 Histology
	49.4.1	 Teratoma
	49.4.2	 Astrocytomas
	49.4.3	 Choroid Plexus Tumors
	49.4.4	 Embryonal Tumors
	49.4.5	 Glioneuronal Tumors
	49.4.5.1	 Ganglioglioma
	49.4.5.2	 Desmoplastic Infantile Astrocytomas/Gangliogliomas
	49.4.5.3	 Craniopharyngiomas

	49.4.6	 Ependymal Tumors
	49.4.7	 Differential Diagnosis

	49.5	 Treatment
	49.5.1	 Surgical Treatment
	49.5.1.1	 Anesthesia and Surgical Position
	49.5.1.2	 Risk of Bleeding
	49.5.1.3	 Cerebral Collapse
	49.5.1.4	 Instrumentation

	49.5.2	 Medical Treatment

	49.6	 Clinical Series
	49.7	 Conclusions
	References


	Part X: Miscellaneous
	50: Vascular Anomalies in Children
	50.1	 Introduction
	50.2	 Vascular Tumors
	50.2.1	 Hemangiomas
	50.2.1.1	 Infantile Hemangioma (IH)
	50.2.1.2	 Congenital Hemangioma (CH)

	50.2.2	 Tufted Angioma/Kaposiform Hemangioendothelioma

	50.3	 Vascular Malformations
	50.3.1	 Low-Flow Malformations
	50.3.1.1	 Capillary Malformations
	50.3.1.2	 Lymphatic Malformations
	50.3.1.3	 Venous Malformations

	50.3.2	 Fast-Flow Malformations
	50.3.2.1	 Arteriovenous Malformations (AVMs)

	50.3.3	 Combined Malformations
	50.3.3.1	 Klippel-Trenaunay Syndrome (KTS)
	50.3.3.2	 Parkes Weber Syndrome (PWS)
	50.3.3.3	 Wyburn Mason Syndrome (Syndrome de Bonnet Dechaume Blanc)
	50.3.3.4	 Cobb Syndrome


	50.4	 Conclusion
	References


	Index

