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Preface

Pediatric Surgery, Flowcharts and Clinical Algorithms is for readers interested in
pediatric surgery. It provides updated information about some common topics
together with suggested algorithms to assist the clinical management of different
disease presentations.

The section on fetal surgery includes a chapter by Dr. Ahmed Abdelghaffar Helal
that covers the most common anomalies encountered in fetal screening and possible
fetal interventions as well as their success rates and the possible risks to the fetus
and the mother.

The section on gastrointestinal disorders includes three chapters. “Gastrointestinal
Surgical Disorders in Neonates” by Dr. Rita Verma covers the common gastrointes-
tinal disorders in pediatric surgery, suggested diagnostic approaches, and updated
management protocols together with prognosis.

“Oesophageal Atresia: Drowning a Child in His/Her Own Saliva” by Dr. Samuel
Osei-Nketiah, and Dr. William Appeadu-Mensahm is a comprehensive review of
esophageal atresia starting with a detailed description of the embryology, anatomy
and physiology of the esophagus, and ending with antenatal and post-natal diagno-
sis and resuscitative management.

The chapter also describes different classifications systems and prognostic indica-
tors as well as the surgical strategy for long-gap esophageal atresia, including early
and late postoperative complications.

“Meconium Ileus” by Dr. Omogiade Ernest Udefiagbon covers the salient features
of meconium ileus including an interesting algorithm to assist in decision making
whether using operative or non-operative management.

The hepatobiliary section includes a chapter on “Choledochus Cysts” by Dr. Hasan
Ozkan Gezer that covers the history and etiology of these malformations and the
different classification systems used over time. It discusses investigatory workup as
well as the different management options for the different types of cysts, including
open and laparoscopic approaches with discussion of the possible postoperative
complications.

The section on abdominal wall defects includes a chapter on “Gastroschisis” by Dr.
Alaa Obeida and Dr. Aly Shalaby. It covers the important aspects of gastroschisis
including etiology and antenatal detection with special emphasis on gastroschisis
in low- to middle-income countries. The chapter includes an important section on
intraoperative decision making in some of the difficult comorbidities.

The section on minimally invasive surgery includes a chapter about “Single-Port
Laparoscopic Surgery” by Dr. Enaam Raboei, which is about the tips and tricks
of single-incision laparoscopic surgery, clearly showing the advantages and



disadvantages of the technique, and some practical examples and personal experi-
ence for its application in common pediatric surgical procedures.

The chapter authors have made a great effort to bring the most updated information
about these conditions to the pediatric surgeon to facilitate decision making and
achieve best results and prognosis.

Sameh Shehata
Alexandria University,
Alexandria, Egypt
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Fetal Surgery







Chapter1

Principles of Fetal Surgery

Ahmed Abdelghaffar Helal

Abstract

Fetal therapy (in utero therapy) is a type of special therapy which aims to
prevent or correct congenital anomalies in fetus, and prevents their severe con-
sequences on later fetal development. It includes the use of in utero human fetal
stem cell transplantation, fetal gene therapy and gene-editing technology as a new
treatment for fetal genetic disorders. It started with open fetal surgery and then sig-
nificantly advancing with innovations, toward minimally invasive fetal procedures,
which are undoubtedly the future of fetal surgery, with the goal of providing the
best possible fetal outcome, while minimizing the morbidity and mortality to the
mother. The goal of fetal treatments is to decrease both fetal and maternal risks and
prevent premature rupture of membranes. Fetal ultrasound and MRI are crucial for
successful fetal interventions. Moreover, multidisciplinary fetal teams, including
fetal surgeon, ultrasonographer, perinatologist, and anesthesiologist, are essential
for optimum care to both mother and fetus. Finally, any new modality of fetal
therapy must be thoroughly evaluated in animal models before clinical practice.

In this chapter, we discuss the basic principles of fetal surgery, milestones of fetal
surgery, specific fetal anomalies that are amenable for fetal surgery, successful fetal
surgery criteria and future of fetal surgery.

Keywords: fetal therapy, in utero therapy, fetal team, minimally invasive
fetal procedures

1. Introduction

Fetal surgery or in utero therapy tries to prevents or corrects multiple congenital
anomalies in the fetus to prevent their severe consequences on later fetal develop-
ment. It started with open fetal surgery then innovations toward minimally invasive
procedures have occurred. In this chapter, we discuss the basic principles of fetal
surgery, the general history of its development, important specific conditions and
procedures used to treat them, and the future of the field.

2. Key points

* The goal of fetal treatments is to decrease both fetal and maternal risk and
prevent premature rupture of membranes.

* Real-time ultrasound and fetal MRI is crucial to the implementation and
success of fetal procedures.

3 IntechOpen
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* Multidisciplinary fetal teams, including a fetal surgeon, ultrasonographer, peri-
natologist, and anesthesiologist, are critical to the delivery of optimum care.

3. History and general principles of fetal surgery

In 1963 first fetal intervention was performed (Table 1), the first fetal transfusion
was reported by Liley. He used Tuohy needle (size 16-G) into the fetal peritoneal
space. He injected a contrast material into the amniotic cavity to localize the fetal
abdomen and the swallowed contrast opacify the fetal bowel. In the 1970s, endos-
copy was used for direct visualization of the fetus, and the first fetal blood sampling
or biopsy tissue was reported, however because of the limited technical skill, the
therapeutic uses were not applicable [1, 2]. After that, with more use of ultrasound
as non-invasive diagnostic tool, the use of diagnostic fetoscopy was replaced with
percutaneous needle-based techniques under ultrasound guidance. In the 1980s
open fetal surgery was started (direct exposure of the fetus by maternal laparotomy
and hysterostomy), then open fetal surgery was replaced with a less invasive fetos-
copy, where video camera was inserted inside the uterus under ultrasound guides.

At first, fetoscopy was performed in amniotic fluid medium, using a single port to
enter the uterine cavity and with a side way working channel. However, amniotic
fluid medium poses many limitations for many fetal surgeries especially that require
dissection and suture. Low quality images in the fluid medium, and any bleeding will
prevent an adequate imaging, and it can end the procedure. Moreover, the “fluctua-
tion” of the fetus during the intervention prevent maintenance of the ideal accessible
position. In 2010 Kohl et al. use low insufflation pressure carbon dioxide of amniotic
cavity which was left with some amount of amniotic fluid [3-6].

First fetal intervention 1963
Direct visualization of the fetus 1970
Start of open fetal surgery 1982
Thoraco-amniotic fetal shunt placement 1987
Treatment of twin—twin transfusion syndrome by laser ablation 1990
Closure of fetal myelomeningocele using fetoscopy 1997
Treatment of fetal congenital diaphragmatic hernia by tracheal clipping (Fetendo technique) 1997
Excision of fetal amniotic band using fetoscopy 1997
Treatment of fetal congenital diaphragmatic hernia by fetoscopic balloon tracheal occlusion 2001
technique
Table 1.

Time scales for important fetal surgeries.

4. Milestones in development of fetal surgery

Criteria for fetal surgery are summarized in Table 2.
4.1 Ethical considerations

The ethical issues in the field of fetal surgery are complex because the medi-
cal intervention is always invasive, often experimental, involves at least two

patients the mother and fetus, and the success rate is difficult to measure. On the

1
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I Prompt diagnosis of the pathology and associated anomalies.
1I. Pathophysiology of the disease is documented, and overall prognosis is promising
III. No curative postnatal treatment.
V. Animal models prove feasibility of the in utero technique, preventing serious effects of the
pathology.
V. Fetal therapy performed in specialized multi-disciplinary fetal care centers within clear procedure

with local ethics committee approval and signed informed maternal or parent consent.

Table 2.
Successful fetal surgery criteria.

other hand, strong evidence on the benefits of fetal surgery are not present, with
many centers considered fetal surgery as an experimental technique to correct
fetal anomalies. Controlled randomized studies to evaluate the effects of fetal
surgeries on both mother and fetus are still needed. More often, doctors attempt
fetal surgery in clinical settings without reporting post-operative outcomes in
medical journals. The overall goal of fetal interventions is clear: to improve the
health of fetus by intervening before birth to correct or treat prenatally diag-
nosed abnormalities. Mother and fetus that undergo these interventions must
have the same protection afforded to other study participants, with detailed
explanation of both short and long-term risks and benefits of these interven-
tions on both the mother and the fetus. Therefore, diagnostic or therapeutic fetal
intervention, cannot be performed without mother explicit informed consent
(Table 2) [7-10].

4.2 Surgical techniques and procedures
4.2.1 Surgical team

In fetal surgery, there are complex diseases and two patients, so careful planning
and open communication before, during, and after surgery between the members
of the multidisciplinary care team are essential. The team must include pediatric
surgery, obstetrics, pediatric anesthesia, obstetric anesthesia, cardiology, radiology,
otolaryngology, neonatology, neonatal nursing, and operative room nursing [11, 12].

During any fetal procedures, the use of ultrasound will guide the pediatric
surgeon and/or obstetrician and allow for monitor the fetus during surgery. The
surgeon should actively communicate with the anesthesia team, as well as nursing
and scrub staff, throughout the procedure. Also, the presence of knowledgeable
technical support staff familial with the specialized equipment and instrument is
essential [13, 14].

4.2.2 Surgical approach

Currently, fetal surgery can be classified into three broader areas; open fetal
surgery, minimally invasive fetal surgery and EXIT procedures. Each procedure is
subdivided into several subdivisions, in an attempt to treat a wide number of severe
pathologies that would compromise the fetus. During minimally invasive fetal
surgeries a small skin incision on the mother’s abdomen was done. The location of
the placenta, as well as the intrauterine pathology will guide the site of the planned
incision. 1-2 mm instruments were used to access the fetus are to minimize mater-
nal morbidity. Also, curved instruments may be used to avoid injury to anteriorly
placed placenta. During fetal access, any present fluid (ascites, pleural effusions,
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cystic structures, or the bladder) are aspirated or shunted into the amniotic space.
During fetal cardiac valvuloplasty and radiofrequency ablation for treatment of
complicated twin gestation, needle-based access is very helpful [15-20].

4.3 Fetoscopic procedures

Usually all patients submitted for a fetoscopic procedure are often pre-medicated
with a tocolytic agent. Local or regional anesthesia are usually used. The surgery
can be performed in the surgical theater, labor or delivery unit, or in the ultrasound
department (depends on gestational age of the fetus). The used instruments,
particularly, endoscopes have undergone numerous evolution, based on prototypes
developed in animal models. Fetoscopes diameters are between 1.0 and 2.0 mm.
Sharp trocars have been developed to accommodate the wide range of diameters used
for different operations. Operative fetoscopy is a sonoendoscopic enterprise that
has evolved so that the surgical team can see the ultrasound and fetoscopic images
simultaneously. Basically, the ultrasound is used to identify an appropriate entry
point to direct the trocar into the amniotic cavity, avoiding the placenta and the fetus
as well as maternal organs, such as the bowel and bladder. However, some operators
have documented the safety, in their hands, of a transplacental approach. Despite
this experience, most operators still attempt to avoid the placenta. Nowadays,
fetoscopic technique is indicated when direct visualization of the fetus (more than
ultrasonography) is needed, as in treatment of cases of twin to twin transfusion syn-
drome, posterior urethral valves, constricting amniotic bands, and tracheal balloon
occlusion for treatment of congenital diaphragmatic hernia. Fetoscopic procedures
are performed using 1.2- to 3.0-mm endoscopes. Pictured is a 3 mm 0° endoscope,
adjustable length, with a 1-mm working channel (Figure 1) [21-29].

4.4 EXIT procedures

EXIT procedures principles is to perform controlled delivery to allow for
fetal intervention and establishment of airway prior to cord clamping/cutting.
Indications of EXIT procedures includes severe airway obstruction or likelihood
of cardiopulmonary insufficiency at birth. Cervical masses, congenital lung
malformations (CLM), congenital high airway obstruction (CHAOS), pulmo-
nary agenesis, transition to ECMO. It performed under general anesthesia (fetal
anesthesia, uterine relaxation), with maintenance of placental circulation and
dorsal supine leftward tilt. Steps includes; Pfannenstiel incision, then customized
hysterotomy based on placental location, partial delivery of fetus, and placement of

Figure 1.
Fetoscopic laser ablation of abnormal chorionic vessels for TTTS.
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Figure 2.
Successful ovo-tracheal intubation during the EXIT procedure.

monitors, fetal airway establishment during surgical intervention then delivery was
completed with, transition of the baby to postnatal care, and finally completion of
cesarean section (Figure 2) [30, 31].

4.4.1 Anesthetic care

Before anesthesia, all physiological changes associated with pregnancy must
be considered. The effects of pregnancy on mother pulmonary and cardiovascular
function must be considered. Adequate precautions should be taken to prevent
hypoxemia and aspiration. The magnesium sulfate used in tocolysis may decreases
capillary oncotic pressure and increases capillary permeability with increased risk of
pulmonary edema. Aorto-caval compression must be prevented by using left uterine
displacement. The doses of anesthetic drugs must be adjusted. Maternal local
anesthesia can be effectively used for most needle-based and single port fetoscopic
procedures. When multiple ports or caesarian section could be necessary, regional
anesthesia; epidural or combined spinal epidural can be added. On the other hand,
fetal anesthesia is indicated only for endoscopic procedures performed directly on
the fetus. All fetal anesthetic drugs are typically administered through intramuscu-
lar route and consists of opiates and non-depolarizing muscle relaxants. Atropine
is usually given to avoid fetal bradycardia. For placental or cord procedures with no
direct fetal contact, the risk-benefit of fetal anesthesia should be weighed [32-35].

5. Drawbacks of fetal surgery

The drawbacks of fetal surgery, includes bleeding, amniotic fluid leak, chorio-
amnionic separation, chorioamnionitis, premature rupture of membranes, preterm
labor, preterm birth, and fetal loss. Premature rupture of membranes, preterm
labor is the most common complication of minimally invasive fetal surgery, with
high morbidity, including oligohydramnios, chorioamnionitis, and preterm deliv-
ery. However, accurate analysis of the frequency of these complications are difficult
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due to variations in both the assessment of the complication as well as reporting
methods. Factors increasing the risk during minimally invasive fetal procedures
include the number of ports and the diameter of the used instruments. A system-
atic review of 1376 minimally invasive fetal procedures for lower urinary tract
obstruction, and twin reversed arterial perfusion reported that increased diameter
of the instrument and increased number of ports are major predictors of iatrogenic
premature rupture of membranes [36-38].

Following open fetal procedure, risk of hysterotomy scar weakness may inter-
rupt both current and future labor. Some cases of uterine scar rupture after open
fetal procedure was reported, starting from the second trimester, may be caused
only by the uterine distension (with no uterine contractions) which form signifi-
cant risk to both mother and fetus. Moreover, maternal counseling about the risk of
delivery complications must be considered. On the other hand, minimally invasive
fetal procedures do not preclude vaginal delivery. However, long-term follow-up of
subsequent pregnancies after these procedures is not available, beside the complica-
tions of repeat caesarian section, significant advantage of minimally invasive fetal
procedures should be considered [39, 40].

6. Certain problems amenable for fetal surgery
Some important indications for fetal interventions are summarized in Table 3.
6.1 Twin gestations

6.1.1 Twin—twin transfusion syndrome (TTTS)

Monochorionic (shared) placenta with A-V, V-V, A-A connections and unbal-
anced flow between two twins

* Donor - low flow, oligohydramnios, high output heart failure, brain
ischemia, small

* Recipient - fluid overload, polyhydramnios, congestive heart failure, hydrops
fetalis, large

Prognosis: 80-90% mortality for both if untreated.

Fetal Surgery

* High-volume amnioreduction historically (survival of at least one twin 60%)
* Fetoscopic laser ablation of vascular connections

Offered to Stage II or greater
Selective A-V or nonselective

76% single survivor, 36% dual survivors.

The donor twin usually develops hypovolemia, leading to oliguria and oligohy-
dramnios from reduced renal perfusion, and the recipient twin suffers the conse-
quences of hypervolemia, including polyuria and polyhydramnios. Both twins are
at risk for significant morbidity [41, 42].

Basic principles for TTTS interventions are to prevent preterm delivery caused
by polyhydramnios, through removing the excess amniotic fluid surrounding
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Fetal surgery Why to interfere?

I-Surgery on the fetus

Congenital diaphragmatic hernia Avoidance of pulmonary hypoplasia and pulmonary hypertension
Sacrococcygeal teratoma Stop of steal phenomenon, avoid cardiac failure and polyhydramnios
Thoracic space-occupying lesions Avoid pulmonary hypoplasia and cardiac failure

Lower urinary tract obstruction Avoid renal failure and pulmonary hypoplasia

Cardiac malformations Avoid hypoplasia or progressing damage to developing heart
Myelomeningocele Repair of exposed spinal nerves, stop cerebrospinal fluid leakage,

prevent hydrocephaly and hindbrain herniation

II- Placenta, cord or membranes surgery

Complicated monochorionic Arrest of feto-fetal transfusion and its consequences
pregnancies:

Twin-twin transfusion syndrome Avoid preterm delivery

(TTTS)

Twin-reversed-arterial-perfusion Avoid damage to co-twin

sequence

(TRAP) and other discordant

anomalies

Twin-anemia polycythaemia In some conditions (TTTS/TRAP) reversal of cardiac failure and
sequence polyhydramnios

III- Selective intra-uterine growth restriction

Amniotic band syndrome Avoid deformities and functional loss
Chorioangioma Avoid of cardiac failure, hydrops fetoplacental and polyhydramnios
Table 3.

Some important indications for fetal surgery.

the recipient twin, with improved fetal circulation by decreasing pressure on the
chorionic plate. In 1990, fetoscopic laser was used to coagulate the crossing super-
ficial blood vessels separating the 2 fetal circulations and destroying the inter-twin
vessels that cause discordant twin-twin transfusion. Nowadays, laser ablation is the
preferred treatment for TTTS between 16 and 26 weeks of gestation. The procedure
is performed through a single uterine access site using a fetoscope and thin laser
(Table 4) [43-45].

6.1.2 Twin reversed arterial perfusion

One normal twin acts as a “pump” for a cardiac, a cephalic twin via A-A
anastomoses

I Presence of Poly and oligohydramnios
I Stage I plus non-visualized bladder in donor twin
111 Stage II plus seriously abnormal Doppler (umbilical artery absent or reversed end-diastolic velocity,

ductus venosus reversed flow, pulsatile umbilical venous flow)

v Stage I1I plus evidence of hydrops in either twin
\ Fetal death

Table 4.

Staging of TTTS.
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Normal twin much like donor twin in TTTS with R/O high output heart failure,
hydrops fetalis, 50% mortality

Fetal Surgery

* Open hysterotomy/delivery

* Fetoscopic ligation

* Bipolar cautery/harmonic scalpel division

Thermal/laser coagulation

RFA of acardiac/acephalic cord insertion
6.1.3 Selective fetal reduction

In addition to TTTS, other serious problem that can affect monochorionic twin
pregnancies, includes severe intrauterine growth restriction, structural anomalies,
twin anemia polycythemia sequence, and TRAP sequence, or a cardiac twinning.
In some complicated monochorionic pregnancies, elective fetal reduction is rec-
ommended especially for high risk of hemodynamic compromise or intrauterine
fetal death, aimed to prevent neurologic injury or demise to the co-twin. Fetal
intra-cardiac potassium chloride injection is contraindicated in these pregnancies,
because of risk of transmission between twins and selective termination must be
performed with interruption of blood flow to the fetus. This interruption usually
performed through ligation of the umbilical cord, fetoscopic laser coagulation,
ultrasound-guided and bipolar cord coagulation. Selective fetal reduction was seri-
ously indicated in complicated twin pregnancies what is TRAP sequence. In TRAP
sequence, one twin is incompatible with life due to absent or rudimentary heart, as
well as absence of other vital structures, as head (anencephaly). This twin usually
has no placental blood supply, and it receives its blood supply directly through
vascular connections from the second normal twin (acts as pump twin). Therefore,
the normal twin will rapidly develop high-output heart failure, with more than
50% mortality rate. Selective fetal reduction aims to stop blood flow to incompat-
ible with life twin, and save the life of normal (pump) twin. In the largest review
from 12 fetal centers from the North American Fetal Therapy Network registry
data, identified 98 patients who underwent percutaneous radio frequency ablation
of a cardiac twin. In this series, the overall survival of the normal (pump) twin to
30 days was 80% [46-50].

6.2 Lower urinary tract obstruction (LUTO)

LUTO can be caused by stenosis of the urethral meatus, valves, urethral atresia,
ectopic insertion of a ureter or peri-vesical tumors. Bladder shunts are effective
for urine diversion, restoring amniotic fluid and thereby preventing pulmonary
hypoplasia. Whether shunting effectively salvages renal function is uncertain. For
that, prior accurate assessment of renal function is required. The actual anatomical
cause of LUTO proved to be an important predictor. Posterior urethral valves do
much better in the long run, while babies with urethral atresias or the Prune Belly
phenotype do less well. At the moment, the two commonly used techniques, are per-
cutaneous vesico-amniotic shunting, under ultrasound guide, where double pigtail
stent is inserted, usually combined with amnio-infusion. The second procedure is
fetal cystoscopy, where fetoscope is inserted into the fetal bladder, to diagnose the

10
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source of obstruction and to ablate PUV. The commonly used methods to ablate the
valve, includes guide wires, hydro-ablation and laser-ablation. The first open clinical
fetal surgical intervention for a case of lower urinary tract obstruction (LUTO), not
eligible for shunt placement. Instead, fetal ureterostomies were successfully created.
There were no maternal complications, but unfortunately the fetus never produced
any urine. On the other hand, main complications of shunting include; failure to
insert the catheter, occlusion of the catheter, dislocation, and sometimes fistula
formation. In order to conclude and evaluate the results of in-utero VAS, and its long-
term outcomes, randomized, controlled trial, “Percutaneous vesico-amniotic shunt-
ing versus conservative management for fetal Lower Urinary Tract Obstruction”
(PLUTO), was performed in the United Kingdom, Ireland, and the Netherlands from
2006 to 2012. The study performed on 31 cases (16 submitted to VAS, 15 undergo
conservative treatment). Study reported that fetal cystoscopy, although it is more
invasive than VAS, it has the advantage of confirming the diagnosis of PUV, and
more accurate in selection of patients who will benefit from valve ablation. In other
multi-centric retrospective study includes 50 cases submitted to fetal cystoscopies
for treatment of LUTO, 30 fetuses were diagnosed with PUV and were treated

with laser-ablation. Other 13 fetuses were diagnosed with urethral atresia, 5 fetus
diagnosed with urethral stenosis, and 2 fetuses diagnosed with trisomy 18 (not
treated). The results of the 54 fetuses with normal karyotype were, 32.4 weeks mean
delivery gestational age, and 34.8% overall 2 years’ survival. For PUV patients treated
with laser-ablation, 53.6% 2 years’ survival. Although 20% (6 of the 30) developed
recurrence of LUTO symptoms, and further fetal procedure was performed in 10%
(3 patients). Postnatal ablation of PUV was needed in 10 of the 17 survivors. Normal
renal function at 2 years of age, was achieved in 75% of infants with PUV (12 of the
16), which considered more promising than the 29% reported in the PLUTO trial
with VAS. Reports up to date indicate that, minimally invasive fetal procedure (in
selected cases of LUTO), can improve the survival when compared to expectant
treatment. However, studies of long term renal function are less encouraging [51-56].

6.3 Intrauterine myelo-meningocele (IMM)

IMM, or Spina bifida, is defined as failure of complete closure of the neural tube
with exposure of the spinal canal structures. Lumbar or cervical vertebral levels
are the most commonly affected sites, however IMM can occur anywhere along the
spine. Neurologic deficits with motor and somato-sensory abnormalities are the
most feared complications. In addition, bowel and bladder function may be affected
due to injury of autonomic nervous system. Moreover, mostly all patients with IMM
will develop Arnold-Chiari II malformation affecting hindbrain, with non-commu-
nicating hydrocephalus, which requires ventriculo-peritoneal shunting. Although
mortality of IMM was low in the perinatal period, its long-term neurologic morbid-
ity may be fatal, and up to 30% of patients may die before adulthood [57-60].

6.3.1 IMM repair

At the moment, the compared outcomes of pre-natal versus post-natal repair
of IMM showed that; although prenatal surgery has an increased risk of preterm
delivery, pre-natal repair had significantly better outcomes than the post-natal
repair. Pre-natal repair for IMM decrease the risk of death and subsequent needs
for shunting (nearly at age of 12 months). Also, pre-natal repair improves scores of
mental and motor function (at 30 months). However, pre-natal repair was associated
with an increased risk of preterm delivery and uterine dehiscence at labor. Therefore,
the potential benefits of pre-natal repair must be balanced against the risks of

11
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prematurity and maternal morbidity [61-65]. In a retrospective review of 54 children
evaluated for lower extremity neuro-motor function and short-term ambulatory
function following fetal myelomeningocele closure, they concluded that fetal myelo-
meningocele repair results in better than predicted lower extremity neuro-motor
function at birth and short-term ambulatory status. However, these children con-
tinue to demonstrate movement incoordination which is characteristic for children
with Spina-bifida. In retrospective study evaluated the incidence and clinical impli-
cations of the development of cutaneously derived intradural inclusion cysts (ICs)
following fetal myelomeningocele closure through parental questionnaire. They
concluded that intradural ICs can develop following fetal myelomeningocele repair.
ICs long-term complications in these children may include deterioration of bladder
function, and loss of lower-extremity function after fetal myelomeningocele closure.
Koh et al. 2006 compared urodynamic findings in patients who underwent pre-natal
closure of IMM with those of patients who underwent post-natal closure. All pre-
natally treated patients had lower lumbo-sacral lesions on neurological examina-
tion. In comparison, 39% of post-natally treated patients showed lack of sphincter
activity at newborn examination, with similar findings noted at 1-year evaluation.
Regarding bladder function, all pre-natally treated patients showed detrusor over-
activity, compared to 38% of post-natally treated patients, up to 1-year evaluation.
They concluded that fetal closure of IMM is associated with a higher incidence of
complete denervation of the external urethral sphincter and detrusor over-activity
compared to post-natal repair. Open fetal IMM closure has been extensively studied
and its benefits to the fetus have been proven. Minimally invasive fetoscopic repair is
technically difficult, with high risk of membrane separation and premature rupture
of membrane, and its benefits to the fetus have not been proved. Therefore, mini-
mally invasive IMM repair still needs further more studies to confirm its validity for
clinical applications [66-70].

6.4 Congenital diaphragmatic hernia (CDH)

One in 2500 live infant births may be affected with CDH. It consists of abnormal
defect in the fetal diaphragm, resulting in herniation of all or part of abdominal
viscera into the thoracic cavity (according to the defect size). Pulmonary hypoplasia
and pulmonary hypertension, usually present as a result of abnormal development
of the lungs and pulmonary vasculature, this may cause persistent fetal circulation
and respiratory failure with increased mortality rate. Despite great improvement in
its diagnosis and treatment, infant mortality from isolated CDH still about 20-30%.
Poor prognostic indicators by ultrasonography include low lung-to-head ratio, liver
herniation into the thoracic cavity, and low total lung volume detected by fetal
MRI. Initial experimental studies using sheep models demonstrated that prenatal
repair of the diaphragmatic hernia could reverse the pulmonary hypoplasia caused by
a surgically created CDH. The first clinical experience in humans likewise involved
open fetal surgery. High fetal mortality rate is associated with this approach, because
of umbilical vein kinking during reduction of the herniated liver into the fetal
abdomen. Therefore, all recent studies consider that minimally invasive methods,
taking the upper hand for treatment of CDH, as it stimulates lung growth in utero,
while open fetal repair of the diaphragmatic defect was abandoned from the clinical
use. Preliminary experimental studies in fetal lambs were promising, demonstrating
that fetal tracheal occlusion improved fetal lung growth and reducing the severity
of pulmonary hypoplasia. In cases of severe CDH, postnatal mortality appears to be
significantly lower with in utero surgical intervention. Studies of fetal endoscopic
tracheal occlusion (FETO) performed in cases of severe CDH have demonstrated a
significantly higher survival rate compared with control fetuses that did not undergo

12



Principles of Fetal Surgery
DOI: http://dx.doi.org/10.5772/intechopen.85883

FETO. Severe PAH occurred in 47% of fetuses that underwent FETO, but in 89% of
patients in the prenatal expectant management group (Figure 3) [58, 71, 72].

So, fetal surgeons prefer minimally invasive procedures to avoid large hyster-
otomy and adequately visualize and access the fetal trachea. In 1997 the first fetal
endoscopic (Fetendo) tracheal clipping, was done in human fetus, where maternal
laparotomy was done, then 4 trocars was inserted through uterus to access and clip
the fetal trachea. For the fear of serious complications of tracheal damage and vocal
cord paralysis during clipping, fetoscopic balloon tracheal occlusion technique
was introduced, in which no fetal neck dissection and only single uterine port was
needed. Fetal endoscopic tracheal occlusion (FETO) is usually performed between
26 and 30 weeks of gestation., A trocar is placed through the maternal abdomen
into the amniotic cavity guided by ultrasound, and fetoscope is inserted through the
fetal mouth, then advanced into the fetal trachea. Once the carina has been retched,
the balloon is inflating with physiologic solution and left just above the carina.

The correct position is then checked by ultrasound imaging. In some studies, the
tracheal balloon was removed at the time of delivery through ex utero intrapartum
therapy. However, balloon removal before birth not only allows for the possibility
of vaginal birth, but also was shown to increase pneumocyte cells differentiation
type II, with increasing surfactant production. Currently, tracheal occlusion can be
reversed in utero, by performing second fetoscopic procedure (typically at 34 weeks
of gestation) [73, 74]. A multicenter European series including 210 cases of FETO
with severe CDH (liver up and lung-to-head ratio < 1) they reported 48.0% rate of
survival to discharge, with 471% incidence of premature rupture of membrane. Up
to date meta-analysis comparing survival outcome between FETO and a contempo-
rary control group, reported that FETO improves survival compared with standard
perinatal care in fetuses with isolated CDH and severe pulmonary hypoplasia (lung-
to-head ratio < 1). 46.3% of fetuses (Fifty-one of 110) who had undergone FETO
survived to discharge, compared with 5.9% (6 of 101) in the control group, giving the
FETO group more significant survival chance. However, the true benefits of FETO
are difficult to determine because the severity of CDH was not measured uniformly
and there was great variability in the postnatal care of these infants. International,
randomized controlled studies to evaluate the role of intrauterine fetal surgery in
CDH cases with moderate and severe pulmonary hypoplasia is still needed [75].

— Balloon Tracheal
Occlusion

X Left lung expands
by fluid buildup

- Diaphragmatic
hernia

~ Liver and small
intestine pushed
back down into
abdomen

Figure 3.
Tracheal occlusion in fetus with congenital diaphragmatic hernia (CDH) to increases lung volume, decreases
herniation of abdominal viscera, and improves postnatal lung function.
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6.5 Amniotic band syndrome (ABS)

Amniotic band syndrome can lead to fetal death from umbilical cord strangula-
tion and/or congenital limb deformity or loss, presumed to result from ischemia
caused by constriction bands that interfere with vascular perfusion. There is
increasing experience with intrauterine release of congenital constrictions and
evidence is mounting that this therapy may help save/restore some limb function
and morphology. The location of the bands and timing of fetal damage will affect
the presentation, severity, and outcome of the condition. For example, pseudosyn-
dactyly or limb amputation can be the results of constriction bands at the extremi-
ties, whereas more midline bands can result in craniofacial, thoracic, or abdominal
defects, and may be fatal. The etiology of this syndrome is unknown, and theories
range from a genetic basis or early disruption of the germinal disc to traumatic dis-
ruption of the membranes later in fetal development. Fetoscopic release of amniotic
bands using minimally invasive surgery, can help in preservation of life and or limb
saving in cases of ABS. The present acceptable functional outcome in 50% of cases
is promising, although, clear selection criteria are needed to justify the risk of this
in-utero invasive procedure, through increased experience and larger studies on this
type of therapy for ABS (Figure 4).

In cases of extremity involvement by amniotic band syndrome, the band must
be released using fetoscope to save the normal development of the limb and allow
for normal limb function. Ultrasound imaging can easily diagnose the problem,
showing; distal limb edema and interrupted blood flow by Doppler, with or without
visualization of the constricting band. Although, the available reports include
small case series, its results suggest that fetuses must have distal arterial limb flow
detected by Doppler in order to benefit from intervention. Moreover, data from
recent studies reported that fetuses with single limb involvement tend to do better
than those with multiple involved limbs. Surprising, the incidence of PROM with
this procedure seem to be higher than for other fetoscopic procedures, (reported
rates up to 78%). Although, small number of cases were reported in all available
studies, and considering the learning curve in this studies, it could also be related to
inherent membrane problems in these fetuses [76, 77].

6.6 Sacrococcygeal teratoma (SCT)

Although the mortality rate is 5% for SCT diagnosed in the newborn, the
mortality rate is about 50% for fetal SCT. Rupture of the tumor, or hemorrhage
inside, or high output heart failure, and premature labor, form the main causes of
fetal loss. Every attempt at interventions, to prevent this high prenatal mortality are
the target of study of several fetal centers. Resection of the tumor (in utero) should
be consider for treatment of pre-mature patients with early signs of heart failure or
placentomegaly.

* Removal of the external part of the tumor is usually preferred, followed by
later removal of its pelvic extension.

* Alternatively, radio-frequency, or thermal ablation can be used to occlude
supplying arteries to the tumor.

It is important to note the related morbidity of all mentioned procedures, like
risk of preterm delivery, beside procedure failure rate. The related morbidity can
be reduced with minimally invasive procedures, however, the fear from decreased
efficacy in local control, still a significant problem. Moreover, these less invasive
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Figure 4.
Some amniotic bands may constrict fetal limbs, and may be sevious to cause limb amputation.

procedures should be used as early as possible, preferably before early signs of
heart failure, to prevent IUFD. Certainly the best option is complete tumor resec-
tion, if possible. A systematic review on 34 cases of SCT from 1980 to 2013, using
minimally invasive fetal procedures, they reported 44% (14/32) overall survival
with 29.7 + 4.0 weeks, as mean gestational delivery age. They considered heart
failure as a bad prognostic indicator, (30% survival rate (6/20)). Another review
compares two minimally invasive procedures, direct tumor control, and vascular
occlusion of the tumor feeding vessels. Study included 33 cases, 11 cases submitted
to vascular occlusion (group A) and 22 submitted to direct tumor control (group
B). They reported 63.6% (7/11) survival in vascular ablation (group A) compared to
40.9% (9/22) in direct tumor control (group B). They claimed that reduction of the
tumor blood supply slowly appears safer than rapid tumor necrosis which may lead
to hemorrhage inside the tumor. Regarding outcomes of fetuses with large SCTs
and fetal hydrops before viability, due to rarity of the tumor the available small case
series suggest that fetal intervention does confer a survival advantage. However,
randomized trials are needed to make a valuable conclusion, also long-term out-
comes data are needed. Because these procedures are associated with significant
risks, so to get the best benefit these patients must be performed only in specialized
centers, and must be limited to cases presented with both high-output heart failure
and fetal hydrops [78].

6.7 Cystic pulmonary airway malformations (CPAM)

Most prenatally detected lung lesions are cystic pulmonary airway malforma-
tions (CPAM), broncho-pulmonar sequestrations or so called ‘hybrid’ lesions,
containing features of both. The outcome of most lesions are favorable even without
pre-natal intervention, despite often impressive appearance at mid-gestation.
During pregnancy many lesions may regress, or disappear completely. Therefore,
non-operative treatment (watchful waiting) is preferred by most fetal surgeons.
Surprisingly, pressure effect or hemo-dynamic changes may cause sudden physi-
ologic derangements, which may end with progressive heart failure and intra-
uterine demise. Therefore, pre-natal intervention may be warranted to improve
outcome. Pre-natal interventions for fetal lung lesions aim to alleviate the pressure
effect of the mass by partial or complete removal of the lesion. Many surgical and
non-surgical options have been reported.

* In macrocystic lesions, needle thoraco-centesis or thoraco-amniotic shunt drain-
age under ultrasound guided may be used for decompression.
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* In microcystic lesions, cysts are too small for drainage. In these cases, open fetal
surgery has been performed.

* When a systemic feeding vessel is found, percutaneous laser coagulation or injec-
tion of a sclerosing agent can be successful.

Routine ultrasound used as screening method for detection of congenital lung
lesions and require referral to a specialist center. Other co-existing problems of the
fetus should be carefully evaluated to determine, the magnitude of related compli-
cations, delivery place, time and type, and if intra-uterine intervention is needed.
Minimally invasive intra-uterine fetal intervention for severe lesions can greatly
improve the prognosis of these fetuses. In a large study of thoraco-amniotic shunt
placement for congenital lung mass or pleural effusion, performed on 75 fetuses at
Children’s Hospital of Philadelphia, they showed 55% decrease in congenital cystic
adenomatoid malformation volume and 27% of cases showed complete drain-
age of pleural effusion (73% showed partial drainage of effusions) with hydrops
resolution in 83% of fetuses (43/53), which was greatly correlated with survival.
Survival to delivery was 93% (70/75), median gestational age was 36 weeks, with
68% (51/75) long-term survival rate. Fifty-six percent of fetuses were delivered
at an average of 10 weeks after shunt placement. Duration of stay in the neonatal
intensive care unit of 21 days, with for greater than 24 hours. This series affirms the
survival benefit risk patients, but underscores the risks inherent to in utero inten-
sive neonatal therapy required [79, 80].

7. Future of fetal surgery

Minimally invasive treatment is undoubtedly the future of fetal surgery, with
the goal of providing the best possible outcome for the fetus, while minimizing
the morbidity or mortality to the mother. So the concept of treating two patients
at the same time is the challenging goal. To this end, significant efforts are being
made toward safest methods for fetal intervention, particularly premature rup-
ture of membranes. Currently a collaboration between University of California
San Francisco, the University of California Berkeley, and Caltech is focusing on
the development of a biocompatible adhesive (methyldihydroxyphenylalanine-
based polymers) to preseal amniotic membranes before fetal surgery to prevent
PPROM. This formula is currently under development and called “Amnioseal”
which can be delivered just below the uterus to preseal the fetal membrane before
amniotic access. At the moment, prenatal stem cell transplantation and gene
therapy is under extensive research to treat a wide range of genetic conditions, and
to extend the current application of fetal surgical intervention for only correction
of structural fetal anomalies. The in utero stem cell transplantation will prevent
the process of abnormal immune development before the fetus cellular differentia-
tions. Two types of fetal stem cell therapy are currently under investigations for
potential clinical use the in utero hematopoietic stem cell transplantation and
mesenchymal stem cell transplantation. Many recent clinical trials of in utero
hematopoietic stem cell transplantation reported that it has had a limited success
in recipients without underlying immunodeficiency, however, some experimental
data in a large animal model of intrauterine hematopoietic stem cell transplanta-
tion have demonstrated clinically relevant levels of chimerism, may be supporting
its role for inherited hematologic disorders. On the other hand, the use of in utero
human fetal mesenchymal stem cell transplantation has been reported for osteo-
genesis imperfect, although the preliminary results are promising, it temporally
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results. Finally, the studies of fetal gene therapy and gene-editing technology as a
new treatment lines for fetal genetic disorders, are significantly advancing in the
field of fetal therapy. However, the safety and long-term effect of these new types
of treatment must be thoroughly evaluated in animal models before its applica-
tions in clinical practice.
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Chapter2
Necrotizing Enterocolitis

Rita Prasad Verma and Arvchana Kota

Abstract

Necrotizing enterocolitis (NEC) is the commonest inflammatory gastrointes-
tinal disorder of newborn infants, occurring primarily in premature neonates.
Presenting as a medical and surgical emergency, it is associated with significant
morbidity and mortality. NEC is characterized by acute intestinal inflammation
and necrosis with intramural dissection of gas, pathognomically appearing as
pneumatosis intestinalis on radiography. The incidence and mortality, with an
inverse relationship to maturation, range between 3-11% and 17-20% respec-
tively. Mortality may be up to 50% in extremely premature infants who require
surgery for intestinal perforation or gangrene. The exact etiopathogenesis is
unknown. Over 90% of infants are premature and more than 98% are enterally
fed. NEC presents with feeding intolerance and abdominal distension, which
may rapidly progress to cardiorespiratory decompensation and death in severe
cases. Intestinal dysbiosis and its functional and immunological immaturity are
proposed to play roles in the pathogenesis. While exact triggers are undetermined,
the disease is marked by an anomalous immunological response of enterocytes
to inflammation, invoking cytokines and chemokines. NEC is treated with bowel
rest, antibiotics, cardiorespiratory support, parenteral nutrition, and blood prod-
ucts transfusion. Approximately 30% of cases require surgery and a significant
number of survivors suffer from neurological deficits, intestinal dysfunction, and
post surgical short bowel syndrome.

Keywords: necrotizing enterocolitis, preterm infants, pneumatosis intestinalis,
intestinal gangrene, intestinal perforation, intestinal dysbiosis, short bowel
syndrome, feeding intolerance, heme positive stools, abdominal distension,
cardiovascular decompensation

1. Introduction

Necrotizing enterocolitis (NEC) is an acquired, multifactorial and devastating
gastrointestinal disease associated with high morbidity and mortality in preterm
neonates. With an incidence of about 7% in infants with BW < 1500 g and mortality
up to 30%, NEC presents as a medical and surgical emergency [1, 2]. It is charac-
terized by ischemia, necrosis, and inflammation of bowel wall with invasion by
gas-forming organisms and intramural dissection of gas, characteristically appear-
ing as pneumatosis intestinalis in radiological and pathological studies. While exact
etiology is undetermined, the pathogenesis is believed to be an anomalous innate
immune response to an altered, less diverse intestinal microbiota by the highly
immunoreactive enterocytes of premature infants, leading to inflammation and
tissue necrosis [3, 4]. The clinical presentation can be severe with cardiorespiratory
collapse, shock, and disseminated intravascular coagulopathy (DIC), escalating
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to multisystem failure and death [2]. About one third of the cases require surgical
intervention due to intestinal perforation and gangrene [5]. NEC is the commonest
gastrointestinal (GI) disorder of preterm newborn infants, although term infants
can be affected. NEC is associated with significant adverse outcomes, and approxi-
mately half of the survivors suffer from abnormal neurodevelopment independent
of maturational status at birth. It is one of the most important causes of intestinal
failure in children. Despite substantial advances in its diagnosis, prevention, and
management strategies, the incidence has not changed, especially in very low birth
weight neonates, and the morbidity and mortality associated with necrotizing
enterocolitis continue to be high.

2. Epidemiology

NEC constitutes about 2-5% of all NICU admissions. The incidence reported
in 2012 by the Canadian Neonatal Network (CNN) in infants less than 33 weeks of
gestational age (GA) was 5.1% [1]. In the United States the incidence is estimated
to be 1-3 per 1000 live births [2, 6], while its prevalence is 0.3-2.4 per 1000 live
births. There is considerable variability in incidence among different geographical
locations and neonatal intensive care units [6-8]. Henry and Moss noted an overall
incidence of 3-7% in 2005 [5]. A review by the National Institute of Child Health
and Human Development (NICHD) Neonatal Research Network data from 1998
to 2001 reported a 7% incidence of NEC among very low birth weight infants [9],
while a more recent report from the network in 2010 documented an incidence of
11-15% in neonates < 1500 g or < 32 weeks at birth [10]. The incidence was found
to be relatively unchanged at approximately 7% in infants weighing <1500 g in
another report published in 2011 [11]. Ninety percent of the infants are preterm
and the rest term or late preterm. Incidence and mortality are inversely related to
GA and birth weight (BW). Mortality in preterm infants from NEC may be up to
30-50%, and 27% of infants require surgical intervention with an overall case fatal-
ity rate of 15% [5, 11, 12]. The mortality rate is higher in surgical NEC and African
American males [13]. Forty-six percent of survivors suffer from abnormal neurode-
velopment, and 12% of all cases of GI failure in children are due to NEC [14]. The
risk and mortality associated with NEC were stratified according to BW and GA in
a cohort of extremely premature infants in who the overall incidence was estimated
to be 7.5% (Tables1and 2) [2].

Despite the variability in incidence among studies with rates ranging between
3 and 15% in VLBW infants, a relative stability in the incidence over time has
been noted. Survival in NEC has not changed in the past five decades, the average
mortality being 20-30% and up to 50% in infants requiring surgical management
[10]. The proportion of neonates with NEC requiring surgical intervention has

oy —

501-750 12 42

751-1000 9 29

1001-1250 [ 21

1251-1500 3 16
Table 1.

Risk and mortality associated with NEC based on birth weight.
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Gestational Age | Risk of NEC

(percent %)
22 11
23 16
24 11
25 9
26 10
27 8
28 8

Table 2.
Risk of NEC based on gestational age.

also remained stable at approximately 30% [15]. The reasons for such observa-
tions are the decreasing gestational age limit for neonatal viability and increased
survival of extremely premature infants with advances in neonatal care. Practice
implementations, such as standardizing enteral feeding guidelines, exclusive
feedings of own mother’s milk, using donor breast milk when mother’s milk is
not available, minimizing duration of empiric antibiotics after birth, and avoid-
ing packed red blood cells (PRBC) transfusions as well as antacid use in preterm
infants, are associated with a decrease in incidence of NEC in very low birth
weight infants [16].

3. Etiology and risk factors

The exact etiology of NEC is undetermined and multiple risk factors have
been forwarded. NEC occurs in a stereotypic relation at chronological age of
onset to the gestational age at birth, the younger the gestation, the later the onset;
and requires that the infant be fed [1, 11]. In one study the median age at onset
in infants with a GA of less than 26 weeks was 23 days compared to a median
age of 11 days for more mature infants with a GA of greater than 31 weeks [17].
Prematurity is the single greatest risk factor with almost 90% patients being
premature. Enteral feeding is the second most common feature with over 98% of
cases having a history of feeding. However, rate of advancement unless excessive,
trophic, and early versus late and colostrum feeding are not conclusively proven
to have any effect on the occurrence of NEC [18]. Other suggested risk factors
are the 5 min Apgar score < 7, outborn status, body temperature 0f 36°C at 1 h
of age, cesarean section, use of indomethacin with or without dexamethasone,
sepsis, use of inotropes, severe metabolic acidosis, patent ductus arteriosus
(PDA), gastroschisis, severe anemia, polycythemia, packed red blood cell (PRBC)
transfusion, use of H2 antagonist, exposure to empirical antimicrobials, and black
and Hispanic ethnicity [19]. Approximately 10% of cases occur in term and late
preterm infants. Risk factors for NEC in term infants are nonhuman milk feeding;
preexisting illnesses, such as congenital heart disease; primary gastrointestinal
disorders; sepsis; polycythemia; respiratory disease; hypotension; neonatal
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abstinence; fetal growth restriction; and perinatal hypoxia [20]. Despite the fact
that no predilection for sex, race, or ethnicity has been conclusively established, a
higher incidence is observed in male African American infants than in any other
single demographic. This could be related to the higher incidence of prematurity
in this ethnic group than in the general US population. Hypoxic ischemic injury
is no longer considered a major predisposing factor in the development of NEC
except in term babies [21].

4. Pathology

NEC primarily affects the ileum and colon, the commonest location being
ileocecal area [22]. The entire gastrointestinal tract may be involved in severe
cases. On gross examination, the bowel loops are distended with areas of hem-
orrhage, congestion, necrosis, and pneumatosis (Figure 1). On microscopic
examination, signs of inflammation, mucosal edema, bacterial invasion, sub-
mucosal and intramural gas bubbles, and ischemic transmural necrosis are seen.
Intestinal perforation may happen when the entire thickness of bowel is involved
leading to pneumoperitoneum, peritonitis, and portal venous gas (Figure 2).
Microscopically, the predominant feature is coagulation necrosis, suggesting
an ischemic origin of NEC. The aggregated inflammatory cells are both acute
and chronic, such as neutrophils, lymphocytes, and macrophages representing
an appropriate response to pathogenic bacterial invasion and tissue necrosis.
Epithelial regeneration, granulation tissue formation and fibrosis may be seen
suggesting reparative histological process [23]. Common pathogens isolated in
NEC are Enterobacteriaceae including Escherichia, Salmonella, Enterobacter, and
Klebsiella (68%); staphylococcal species (26%); clostridium species (4%); viruses
including rota, echo, corona, and toro (11%); and candida (1%). No organism is
isolated in 3% of cases.

Figure 1.
Macroscopic appearance of necrotizing enterocolitis showing necrotic bowel loops. [Courtesy of Renu Sharma,
MD, Professor of Pediatrics, University of Florida at Jacksonville, USA].
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Figure 2.
Schematic presentation of pathogenesis of NEC.

5. Pathogenesis

The pathogenesis of NEC is complex, multifactorial, and incompletely defined.
The disorder is believed to be a composite result of intestinal immaturity, aber-
rant immunological response, and gut microbial dysbiosis [3, 4, 23, 24]. It almost
never occurs when the intestinal immune system is mature and intact, even when
other risk factors are present. Experimental NEC does not occur in sterile environ-
ment. Research support the hypothesis that NEC in the preterm infant results from
a multifactorial process that requires the concurrent presence of an immature
intestinal tract and immune system leading to increased susceptibility, factors
causing disruption of the normal intestinal bacterial microbiome with growth of
potentially pathogenic bacteria, and an exaggerated inflammatory host response
with the release of cytokines and chemokines (Figure 2). A genetically determined
predisposition to necrotizing enterocolitis has been also proposed implying the
contribution of genetic polymorphisms in the pro-inflammatory cytokines associ-
ated with NEC [25]. The combination of compromised intestinal epithelial barrier;
underdeveloped and anomalous immune defense; abnormal mesenteric vascular
development, tone, and flow; and altered luminal microbiota shaped by formula
feedings, antibiotic exposure, and cesarean delivery presumably leads to intestinal
inflammation and gangrene. NEC is triggered when several risk factors heighten
neonatal intestinal inflammation and an irreversible borderline is surpassed.

5.1 Intestinal immaturity, dysbiosis, and barrier dysfunction
Immaturity of neonatal intestinal mucosal barrier and mucosal immune system

is characterized by decreased mucus coat, altered mucus protein, reduced Ig A, and
abnormal epithelial membrane and tight junctions [4, 26, 27]. Preterm intestinal
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mucosa is highly immunoreactive, and fetal human enterocytes have been shown to
evoke excessive immunological and inflammatory response compared to adults. An
imbalance between epithelial cell injury and repair leads to a gut barrier failure and
a consequent cycle of bacterial invasion, immune activation, uncontrolled inflam-
mation, and gut necrosis (Figure 2).

5.2 Feeding and immature GI function

Premature GIT is relatively deficient in digestive functions and peristaltic
motility in addition to immune responses [28]. Dysfunctional gastric emptying
and increased gastric pH add to gut barrier disruption and epithelial permeability
[4, 29-31]. Aggressive feeding with peristaltic dysmotility leads to stasis of intra-
luminal contents and intestinal dilatation, which may further impair epithelial
barrier (EB). These, in concurrence with microbial dysbiosis, result in abnormal
signal transduction across the EB with consequent inflammation, apoptosis, and
necrosis. The balance between the pro-inflammatory and anti-inflammatory sig-
naling is affected with an inappropriate response to pathogenic microorganisms.

5.3 Role of cytokines and chemokines

NEC is associated with increased expression of inflammatory cytokines, such
as tumor necrosis factor (TNF), interleukin (IL)-1p, IL-6, IL-8/CXC-motif ligand
8 (CXCLS8), IL 10 monocyte chemoattractant protein-1/CC-motif ligand (CCL)-2,
macrophage inflammatory protein-18/CCL3, and C-reactive protein in plasma and
affected tissues [32]. These cytokines can disrupt the epithelial barrier and aug-
ment intestinal injury. Serum levels of cytokines/chemokines are elevated in NEC,
and increased TLR4 and abnormal IkB/NFkB suggest excessive abnormal immu-
nological response [33-35]. Lower blood TGF-p and interleukin (IL)-2 and higher
IL-8 levels are found in ELBW infants with NEC. A developmental immaturity is
noted in IkB expression, the molecule that inhibits cytokines activation via NFkB
in NEC. Recently the role of toll-like receptor 4 (TLR4) signaling in the pathogen-
esis of NEC has been highlighted. Hypoxia, infection, and prematurity accentuate
the expression of TLR4 in the intestinal mucosa. TLR4 is subsequently activated
by enteric bacteria, triggering an inflammatory cascade which results in increased
gut mucosal injury and reduced epithelial repair. Activation of cytoplasmic innate
immune receptors, NOD2 and TLR9 leads to inhibition of TLR4, with restoration
of the intestinal epithelial barrier and reduction in severity of NEC in experimen-
tal models. Other factors implicated in pathogenesis of NEC are platelet-activating
factor, nitric oxide, reactive oxygen species, and transforming growth factors.
However, despite success in animal model systems, no significant improvement in
treatment and outcomes of NEC has been achieved due to an incomplete under-
standing of the developing immune system in premature infants and inability to
replicate them in animal models [32].

6. Clinical presentation

NEC presents acutely with feeding intolerance, heme-positive stools, abdomi-
nal distension, gastric residuals, and vomiting in a previously stable and feeding
preterm infant. Commonly associated nonspecific symptoms are temperature
instability, apnea, bradycardia, oxygen desaturation, and lethargy. There may
be abdominal wall erythema, abdominal tenderness, and decreased or absent
bowel sounds (Figure 3). As the disease process advances, cardiorespiratory
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Figure 3.
Abdominal distension, erythema and skin ulcevation in a case of necrotizing entevocolitis. [Courtesy of Renu
Sharma, MD, Professor of Pediatrics, University of Florida at Jacksonville, USA].

decompensation, septic shock, and multi-organ failure may supervene. The
diagnosis is confirmed by the presence of pneumatosis intestinalis in abdominal
X-ray which is pathognomonic of NEC (Figure 4). The course may be mild to
moderate with recovery with antibiotics, GI rest, and correction of biochemical
and hematological anomalies, or fulminant with early signs of severe systemic

Figure 4.
Extensive pneumatosis with branching linear lucencies in the liver, consistent with portal venous gas. [Courtesy
of Dr. Renu Aggarwal, Attending Neonatologist, NYU Winthrop Hospital, Mineola, NY, USA].
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Table 3.
Modified Bell’s staging criteria for necrotizing entevocolitis in neonates [33].

inflammatory response and poor response to correction of metabolic and hemato-
logical derangements, such as severe metabolic acidosis, hyponatremia, hypergly-
cemia, thrombocytopenia, DIC, anemia, and neutropenia, eventually progressing
to death.

Age of onset varies in an inverse relationship with GA at birth, and the average
post menstrual gestational age of NEC is estimated to be 31-32 weeks. In a cohort
of preterm infants under 33 weeks gestational age, NEC presented at a mean of
7 days in more mature infants, while it was delayed to 32 days in lower birth weight
and gestational age neonates [1]. The average age of onset has been reported to be
20.2 days for babies born at less than 30 weeks’ estimated gestational age, 13.8 days
for babies born at 31-33 weeks, and 5.4 days for babies born after 34 weeks of gesta-
tion. Term infants develop necrotizing enterocolitis much earlier, with the average
age of onset within the first week or within the first 1-2 days of life [36].

To classify the severity of NEC based on clinical findings, a staging criterion was
proposed by Bell in 1978 which was later modified (Table 3) [37]. In about one third of
cases, NEC is suspected but not confirmed (stage I), and symptoms resolve gradually
with treatment. In 25-40% of cases, the progression of NEC is fulminant with signs of
peritonitis and sepsis and the rapid development of DIC and shock (stage III). About
30% of the cases may develop intestinal perforation, peritonitis, and other complica-
tions necessitating surgical intervention. Mean LOS is 62 days in surgical and 36 days
in medical NEC cases [15]. Surgical NEC cases incur higher hospital costs.

7. Laboratory and radiological investigations

In all cases of NEC, CBC with diff, blood culture, C-reactive protein,
serum electrolytes, pH, lactate, acid-base indicators, arterial blood gases,
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and pertinent radiography should be done. The characteristic anomalies are
metabolic or mixed acidosis, high C-reactive protein (CRP), hyponatremia,
hyperglycemia, thrombocytopenia, neutropenia, or leukocytosis with high

I/T ratio. CSF studies are suggested, and peritoneal fluid analysis for bacteria
and fecal material should be done if paracentesis abdominis is performed for
therapeutic or diagnostic purposes. Presentation of NEC is similar to, or may

be associated with sepsis, and the differentiation is confirmed by the presence
of pneumatosis intestinalis (PI) on radiography (Figure 5). Apart from PI

other radiological features of NEC are ileus, bowel wall thickness, and bowel
perforation with peritoneal air. Bowel wall thickening, with or without echo-
genicity, indicates increasing inflammation, swelling, and perfusion of the area.
Bowel loops may be separated by the presence of peritoneal fluid and give an
impression of thickening. Thin bowel wall with a central echogenic focus and

a hypoechoic rim, called pseudo-kidney sign, if present, may indicate necrotic
bowel and imminent perforation. Ultrasound detection of small air bubbles

in the bowel wall as in pneumatosis intestinalis can be spatially differentiated
from air bubbles in stool that can sometimes be misdiagnosed as pneumatosis
on radiographs. Ultrasonography also can detect intermittent gas bubbles in the
liver parenchyma and portal venous system that are not detected on radiography.
Ultrasound is more sensitive in detecting peritoneal fluid collections. Doppler
ultrasound is dynamic and permits real-time visualization of bowel wall thick-
ness, peristalsis, and perfusion. It is more sensitive than abdominal radiography
in detecting bowel necrosis [15]. Evidence of free peritoneal air and ascites
indicate intestinal perforation. Contrast enemas are not recommended if NEC
is suspected, as it may result in bowel perforation with extravasation of contrast
material into the peritoneum. Near-infrared spectroscopy (NIRS) is a new,
noninvasive method of estimating local tissue hemoglobin oxygen saturation by
measuring the difference between oxyhemoglobin and deoxyhemoglobin and
may have utility in diagnosing intestinal ischemia in NEC. Fortune et al. demon-
strated cerebro-splanchnic oxygenation ratio < 0.75 to have a positive predictive
value of 0.75 for intestinal ischemia, whereas, if above 0.75, intestinal ischemia
is excluded with a negative predictive value of 0.96 [38].

Figure 5.

Of left: massive pneumoperitoneum with visualization of falciform ligament, massive lucency involving the
entive abdomen, visualization of the liver margin. On right: left lateval decubitus radiograph demonstrating
massive lucency with visualization of the liver margin and bowel. [Courtesy of Dr. Renu Aggarwal, Attending
Neonatologist, NYU Winthrop Hospital, Mineola, NY, USA].
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7.1 Differentiating medical and surgical NEC: use of biomarkers

Pneumoperitoneum is not a very reliable clinical feature for surgical NEC and is
observed in less than half of all infants with intestinal perforation or necrosis
[15, 39]. Clinical deterioration despite maximal medical therapy is considered a rela-
tive indication for surgical intervention. Research has been done to identify a depend-
able predictor for intestinal necrosis. The most commonly used biochemical markers
for bowel necrosis among pediatric surgeons are platelet count (99%), C-reactive pro-
tein (CRP) concentration (90%), white blood cell count (83%), lactate levels (43%),
fecal calprotectin 10%, and interleukin (IL)-6 or interleukin-8 10% [40]. Fecal cal-
protectin is a marker of intestinal inflammation and can differentiate between local
Bell stage II and systemic Bell III NEC with 76% sensitivity and 92% specificity [41].
Fecal levels of another protein, SI00A12, are noted to be higher in infants with sus-
pected NEC who subsequently develop bowel perforation. Unremitting and relent-
lessly high CRP levels despite treatment may indicate advanced stage of NEC and
bowel necrosis. IL-8 levels have been shown to be significantly elevated in patients
developing surgical NEC compared to medically managed NEC [42]. The levels can
also discriminate NEC totalis from focal and multifocal diseases and predict 60-day
mortality [43]. Maximum concentration of CRP and duration of CRP elevation are
increased in infants who developed intestinal strictures following NEC, while the
negative predictive value of CRP levels <10 mg/dL for stricture development is 100%
[44]. Intestinal fatty acid-binding protein (I-FABP), a marker of intestinal injury and
progression to severe NEC, is located in mature enterocytes of small intestinal villi
and is released into the blood stream after cell disruption and subsequently excreted
into the urine. At onset of symptoms, I-FABP concentrations have been shown to be
significantly higher in infants who later developed surgical NEC [45]. Other bio-
markers being investigated for surgical NEC are serum amyloid A protein, liver fatty
acid-binding protein, urine peptides, and heart rate characteristic index.

8. Differential diagnosis

Blood stream infection can present like NEC and must be ruled out. Sepsis and
other conditions that can cause feeding intolerance, rectal bleeding, abdominal
distension, gastric retention of feed, or intestinal perforation can be differentiated
from NEC by the absence of radiologic evidence of pneumatosis intestinalis and the
characteristic combination of rectal bleeding presenting as heme-positive or grossly
bloody stools, abdominal distention, bilious vomiting, and gastric aspirates as seen
in NEC. Spontaneous intestinal perforation is characterized by a single noninflam-
matory perforation that is typically located at the terminal ileum or colon. It occurs
primarily in infants with birth weight <1000 g and is differentiated from NEC by
the presence of less severe systemic signs and absence of pneumatosis intestinalis.
Infectious enteritis may present with frequent, occasionally bloody stools with
abdominal distension but no pneumatosis. Congenital anomalies of GIT, such as
Hirschsprung disease, small bowel atresia, meconium ileus, and acquired condi-
tions like volvulus and intussusception, present with intestinal obstruction and at
times secondary enterocolitis. Abdominal radiography differentiates these condi-
tions from NEC. Anal fissures can result in rectal bleeding and can be detected on
pertinent thorough physical examination. Milk protein allergy-induced enterocoli-
tis may present with heme-positive stools and other GI symptoms similar to NEC in
preterm infants but no pneumatosis. Such patients respond to dietary modification
by switching the formula to extensively hydrolyzed or amino acid-based ones and
may have eosinophilia along with thrombocytosis.
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9. Management

The basic principles of management of NEC are bowel decompression and rest,
antibiotics coverage, cardiorespiratory support, fluid resuscitation, provision of
blood products, and surgical intervention if indicated. The management strategies
according to Bell’s staging are outlined in Table 4. Surgical consultation is obtained
in all stages of NEC including stage 1. Total parenteral nutrition (TPN) should be
provided during the period that the infant is nil by mouth.

9.1 Medical management

The principles are as follows: (1) bowel decompression and rest, (2) parenteral
hydration and nutrition, (3) respiratory and cardiovascular support, (4) antibiotic
therapy, (5) general supportive care, (6) fluid resuscitation, and (7) serial close labora-
tory monitoring and radiologic surveillance. The focus is on limiting the progression
of the disease. Intermittent or continuous nasogastric suction is done for bowel
decompression, TPN is provided to ensure nutrition, and fluid is replaced to correct
third space losses. Adequate cardiorespiratory support is of paramount value, and
hematologic anomalies, such as DIC, anemia, and thrombocytopenia, are promptly
corrected. Metabolic abnormalities, such as metabolic acidosis, hyponatremia, and
hyper- or hypoglycemia, are appropriately treated. Even though an infectious agent has
not been identified or attributed to NEC, antibiotics are routinely used in its treatment.
Observational data reveal that 20-30% cases of NEC have bacteremia, and pathogenic
bacteria are recovered from pathologic specimens and peritoneal fluid. Epidemic
outbreaks of NEC are common, and the clinical picture improves with antibiotics.

The efficacy of antibiotic agents is documented in experimental animal models for
NEC. The commonly used empiric broad-spectrum antibiotic combinations are as
follows: ampicillin gentamicin (or amikacin), ampicillin, gentamicin (or amikacin) and
clindamycin or ampicillin, cefotaxime, and metronidazole. Ceftazidime is an alternative
choice for cefotaxime. Other antibiotic combinations are tazobactam and gentamicin
(or amikacin); vancomycin, piperacillin-tazobactam, and gentamicin; and merope-
nem and vancomycin if methicillin-resistant staphylococcus or ampicillin-resistant
enterococcus infections are suspected. Amikacin may be used in centers with significant
gentamicin resistance. Metronidazole or clindamycin is added to cover anaerobic
bacteria, especially in cases where infant is fed orally before NEC supervenes.

Evaluation of progression of the disease is important in order to take appropriate
and timely steps to avoid further damage to the bowel. Serial laboratory monitor-
ing is routinely performed. At diagnosis stool for guaiac test, complete blood and
differential neutrophil counts, blood culture, CSF study if indicated, C-reactive
protein, platelet count, serum electrolytes, pH, creatinine, blood urea nitrogen,
and acid-base studies are obtained and monitored q 12 or 24 h or more frequently

NEC Bell’s Treatment
stage
laand 1b Antibiotics x 3 days, NPO
2a NPO, antibiotics x 7-10 days
2b NPO, antibiotics x 14 days
3a Asin 2b plus, fluid resuscitation, inotropic and ventilator support, blood products
3b As in 3a plus surgery
Table 4.

Management principles of NEC [65].
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if needed. In addition, arterial blood gas values are measured and repeated every
4-6-12 h as per the severity of respiratory decompensation. Serial lactate levels are
helpful in monitoring progression of the necrotic process and assessing systemic
status. Worsening or persistent metabolic acidosis and persistent hyperglycemia or
thrombocytopenia are poor prognostic signs. Improvement in metabolic acidosis

is a positive prognostic sign but may be misleading if blood circulation to the
necrotic bowel is completely severed and the generated lactic acid cannot enter the
circulation. Blood in stools is not predictive of resolution or outcome. Radiographic
monitoring is done with abdominal radiograph performed in supine position during
the initial phase of illness. A lateral decubitus view is simultaneously obtained
with the infant’s left side down to visualize the presence of free air over the liver. It
should be repeated q 6-12 h as per the severity and progression of the disease and
when improvement is obtained less frequently. In the initial stages q 4-6 h may be
appropriate and advisable. Supine cross-table lateral view may be done to visual-
ize layering of free air under umbilical area if patient is too sick to move or put in

a decubitus position (Figure 2). Radiography is discontinued when pneumatosis
resolves and bowel gas pattern normalizes.

9.2 Surgical management

The only definite indication for surgery is intestinal perforation. Other rela-
tive indications, which are highly suggestive of bowel perforation or necrosis,
are abdominal mass, fixed dilated bowel loop, positive paracentesis, and severe
metabolic acidosis that is unresponsive to treatment (Figures 5 and 6) [46]. Signs
that indicate peritonitis or bowel necrosis are unremitting clinical deterioration,
worsening or unrelenting metabolic acidosis, and DIC or thrombocytopenia. Signs
of ascites and intestinal obstruction may be present. Perforation can occur without
evidence of free air on the radiograph as the timing of study may not coincide with
the occurrence of perforation and the free air may get absorbed. Likewise, pneuma-
tosis may not be always caught on serial X-rays. Under such conditions other signs
and clinical judgment should be used to assess the severity and need for surgery.
As clinical parameters may not be reliable to assess progression to surgical from
medical NEC, abnormalities in biochemical markers, such as platelet count, CRP,
WBC count, blood lactate, fecal calprotectin, and serum IL-6 and IL-8 may be used.
Surgical procedures performed in cases of NEC are exploratory laparotomy with
resection of the affected intestinal region or primary peritoneal drainage (PPD).
PPD is preferred as the initial procedure in ELBW infants and is performed in the
NICU at bedside with analgesia and local anesthesia. Laparotomy is done in an
operating room under general anesthesia and may require a second surgical proce-
dure for reanastomosis.

In primary peritoneal drainage abdomen is prepped with iodine solution, and
local anesthesia is administered. Small transverse incision is made at McBurney’s
point and abdominal wall layers bluntly dissected to enter the peritoneal cavity. A
rush of air and the presence of meconium are generally encountered. Cultures are
obtained, and then peritoneal cavity is copiously irrigated with warm saline solu-
tion. Following this Penrose drain is gently threaded into the abdomen and secured.
The drain site is observed over the subsequent days. When there is no intestinal or
meconium drainage, the drain is backed out daily until removed. After the return
of bowel function, a trial of feeding can be started, or the patency of the gastroin-
testinal tract may be determined with a contrast study. In laparotomy the procedure
includes resection of the affected bowel segment and placement of a proximal enter-
ostomy (usually an ileostomy) and distal mucous fistula. Primary reanastomosis,
if required, usually is performed 8-12 weeks after the initial procedure, depending
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Figure 6.
Flow chart outlining management principles in NEC.

upon the infant’s clinical condition. A contrast enema usually is performed before
the reanastomosis to detect intestinal strictures. If NEC affects only a short seg-
ment of bowel, and the resection is limited, some surgeons perform a primary
anastomosis. Complications associated with ileostomies are fluid and electrolyte
abnormalities, delayed resumption of oral feedings, poor growth, and stenosis of
the enterostomy site. An alternative approach is placement of an intestinal patch
and peritoneal drain instead of resection and enterostomy. Preservation of ileocecal
valve is a favorable prognostic sign. When a substantial length of bowel is affected,
resection is restricted to segments of definite necrosis or perforation to avoid the risk
of short bowel syndrome. If the potential viability of some segments is uncertain,
one approach is to place peritoneal drains and plan a second operation in 2-3 days to
reexamine the bowel and excise necrotic segments.

Recently, standard and fluorescein laparoscopy has been used in cases of NEC
when there is no evidence of perforation, but clinical deterioration with maximum
support continues, and a diagnosis for the presence and extent of bowel necrosis
needs to be made in order to decide against, or in favor of, surgical exploration and
its type [47]. Laparoscopy can also identify infants who do not need surgical inter-
vention as it can visualize the viability and perfusion status of the bowel. According
to a Cochrane review by Smith and Thyoka, which included eight reports and 44
patients, laparoscopy was able to diagnose NEC in 91% of the cases and exclude in
9% [48]. Moreover, additional surgical intervention was avoided in eight (18%)
infants. Among those who did not require surgery, NEC was excluded in four (9%),
while two (5%) had no perforation or intestinal gangrene, and two (5%) had NEC
totalis which contraindicated surgery. Thirty-six infants out of 44 required surgery
following laparoscopy, which included placement of a peritoneal drain (9) ora
stoma (20) and intestinal resection and anastomosis (7). Perforation was detected
in 25 out of 44 (57%) infants and was missed in one case which subsequently
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required laparotomy. Six (14%) infants died due to NEC totalis and two of ongoing
and recurrent NEC following recovery from the acute episode of each. The authors
concluded that laparoscopy is a useful procedure in the management of NEC,

with one-fifth of patients not requiring further surgery. However, due to the lack
of enough evidence about its utility and benefits, the procedure is generally not
undertaken in the routine management of NEC.

9.3 Comparison of laparotomy and PPD

There are limited data about the superiority of one procedure over other. Ina
multicenter controlled study, 117 infants who were <34 weeks of gestation with
perforated NEC were randomized to PPD or laparotomy. No differences were noted in
mortality (34.5 versus 35.5%), TPN dependence on postoperative day 90 (47.2 versus
40%), and length of hospital stay (126 + 58 versus 116 + 56 days) [49]. A subgroup
analysis of cases with extensive pneumatosis intestinalis, GA less than 25 weeks,
and serum pH less than 7.30 at presentation showed no significant advantage of one
procedure over the other. In another randomized multicenter trial of 69 extremely
low birth weight (ELBW) infants with NEC or SIP, no difference in the survival rates
was noted between the two interventions, while 74% treated with PPD subsequently
required laparotomy [50]. A cohort study from the NICHD neonatal research
group reported no difference in mortality rate, and 24% treated with PPD required
subsequent laparotomy. Blakely et al. reported that PPD is more likely to resultin a
composite outcome of death or neurodevelopmental impairment at 18-22 months
postmenstrual age [51]. However in their study, PPD was performed in infants who
were more premature (gestational age 24.7 versus 25.7 weeks), were more likely to be
hypotensive, required higher respiratory support, and were more likely to have a pre-
operative diagnosis of SIP. Most of these studies are compromised by a lack pf power.

9.4 Post-surgery intestinal failure and short bowel syndrome

About 9% of NEC cases result in short bowel syndrome (SBS) with incidence
inversely related to GA and almost 42% in intestinal failure and SBS [52, 53]. Such
infants suffer from significant malabsorption and are at risk for sepsis, cholestasis,
and liver failure due to prolonged parenteral nutrition (PN). It is suggested that
infants with residual small bowel length < 10% of expected small bowel length may
develop SBS. The cumulative probability of weaning from PN by 24 months is 96%
in infants with >50 cm of residual small bowel compared to 38% in those who have
<50 cm of residual small bowel. Those with >41 cm of residual bowel are signifi-
cantly more likely to achieve enteral autonomy than those with less than 41 cm [53].
In general, those with post-resection length of remaining bowel less than 25% of
the normal small bowel length have higher chances of developing SBS. The length
of remaining bowel, however, is not the sole or best predictor of SBS. Infants at risk
of SBS are as follows: parenteral antibiotics or mechanical ventilation on the day of
onset of NEC, birth weight less than 750 g, enteral nutrition before the diagnosis
of NEC, percentage of bowel resected, and placement and duration of a diverting
jejunostomy. The intestines continue to grow after resection and contribute to the
process of attaining enteral autonomy.

9.5 Surgical procedures for short bowel syndrome
In a NICHD cohort, 95% of cases of SBS were due to NEC with an overall inci-

dence of 0.7% of infants <1500 g at birth [52]. Approximately 42% of cases of NEC
in infants <1500 g of BW who undergo surgery develop intestinal failure and SBS,
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risk factors being lower birth weight, antibiotics use, positive pressure ventilation on
the day of NEC, feeding, and lower post-resection length of remaining bowel [53].
Intestinal tailoring and lengthening procedure, also called “autologous intestinal
reconstruction surgery” are performed in conditions where likelihood of weaning
from PN is low despite rigorous intestinal rehabilitation measures. The criteria
for surgery, tentative and not well supported by studies, include dilated small
intestine, failure to attain intestinal autonomy, and absence of liver failure and GI
dysmotility. The procedures aim at surgical lengthening of the bowel to increase
the absorptive area and tapering or plicating the dilated bowel to improve motility.
There is not enough literature on the subject to assess its clinical advantage. Bianchi
procedure is a longitudinal intestinal lengthening and tailoring procedure (LILT)
and may be successful in improving absorption and nutritional status but requires
multiple anastomoses. Complications of this procedure include fistula formation,
anastomotic stenosis, or leakage and sepsis [54]. The 6-year survival rate is 45%, and
survivors have residual bowel length greater than 40 cm and no liver disease. The
Bianchi procedure is not recommended in neonates with liver disease or intestine
length less than 50 cm. The serial transverse enteroplasty procedure (STEP) isa
substitute for LILT which increases the girth of bowel. It has a simpler technique that
does not need bowel anastomoses, and the tapering can be performed on dilated
bowel. STEP increases intestinal length, improves intestinal absorptive capacity, and
may decrease the risk of D-lactic acidosis due to bacterial overgrowth. STEP is more
favored over other techniques as the weaning from parenteral nutrition is faster and
the need for later transplants lesser. There is no difference in early complications,
growth rates, or survival between the two procedures, and nearly half of patients
operated achieve enteral autonomy, with the median time to wean from parenteral
nutrition (PN) being 21 months postoperatively. Patients whose bowel re-dilates
after a lengthening procedure have worse overall outcomes. Complications of STEP
include gastrointestinal bleeding, staple line leak, hematoma, abscess formation,
stricture, pleural effusion, obstruction, a need for transplantation, and even death.
In a recent publication, the rate of independence from PN post-STEP was reported
as 58% with parenteral calories decreasing from 71 to 36% within 1 month and to
12% after 1 year. The total increase in intestinal length achieved was about 49% [54].
Small bowel transplantation (SBT) may be considered in patients who have pro-
gressive, severe, or irreversible intestinal failure with associated liver disease. Other
considerations might be a lack of venous access, recurrent life-threatening central
venous catheter-associated sepsis, complete mesenteric thrombosis, slow growing
tumors of the hepatic hilum or root of mesentery, or extremely short residual bowel
with no chance of achieving enteral autonomy in patients who prefer transplanta-
tion over lifelong PN dependence [54]. Small bowel transplantation has a 5-year
graft survival rate of 48% with lifelong immunosuppressant medications. Types of
transplantation include isolated intestine, isolated liver, combined liver and intes-
tine, and multi-visceral. Complications are rejection, infection, graft-versus-host
disease, and posttransplant lymphoproliferative disease. Overall, one year patient
and intestine graft survival is 89%, being 79% in intestine and 72% in liver-intestine
graft recipients. Patient and intestine graft survival falls to 46% by 10 years. At 10
years the survival of intestine only recipients is 29%, whereas, that of liver-intestine
recipients 39-42%. More recently, living donor intestinal transplantation has been
done successfully in pediatric patients which eliminates waiting time.

9.6 Intestinal rehabilitation

This requires a multidisciplinary approach. The focus is on optimizing enteral
feeding and weaning from PN with judicious use of pharmacotherapy and surgical
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interventions. The approach is associated with improved survival and achievement
of independence from PN.

10. Complications

The acute complications of NEC are sepsis, meningitis, peritonitis, intraabdomi-
nal abscess formation, DIC, thrombocytopenia, hypotension, shock, respiratory
failure, metabolic or combined acidosis, hyponatremia, hyperglycemia, or less often
hypoglycemia. Late complications are stricture formation, short bowel syndrome,
and intestinal failure [55]. Rarely enterocele, enterocolic fistula, and intraabdomi-
nal abscess formation may be encountered. About 24% (95% CI 17-31%) of infants
treated medically or surgically develop strictures in bowel which is unrelated to the
severity of NEC or gestational age. The commonest location is in the colon, followed
by the ileum and jejunum. Multiple sites strictures are seen. It can appear within
2 to 3 months of the acute episode and as late as 20 months. Stricture may lead to
local bacterial overgrowth resulting in repeated infections, bloody stools, failure to
thrive, and symptoms of bowel obstruction. Strictures are more common following
enterostomy; therefore contrast enemas should be performed 4-6 weeks after the
occurrence of NEC and prior to surgical closure of enterostomy with reanastomosis
or if and when feeding intolerance develops. Recurrent NEC may occur in 8% and
adhesion ileus in 6% cases of NEC. Overall intestinal failure happens in 13% of all
cases of NEC, inclusive of medically and surgically treated infants.

11. Long-term outcomes

Approximately half of all cases of NEC display no long-term sequelae. This
includes cases of stage I NEC from Bell’s criteria. NEC is associated with significant
impairment of growth and neurodevelopment [56-58]. Ten to thirteen percent
of patients suffer from late gastrointestinal morbidity if resection is performed.
Majority of infants who have had no extensive intestinal resection have normal
gastrointestinal function at 1-10 years of age.

11.1 Growth and neurodevelopment

In a large multicenter study from the National Institute of Child Health and
Human Development (NICHD) Neonatal Research Network, extremely low birth
weight (ELBW) infants (BW <1000 g) who required surgical care were more
likely to have significant growth delay and poorer developmental outcome at
18-22 months compared with infants without NEC [56]. ELBW treated medically
or surgically suffer from significant growth failure until 22 months, and in a lesser
percentage beyond that age [57], while those who were medically treated do not
differ in growth or developmental testing compared with those without NEC [58].
Infants with NEC are at increased risk for cerebral palsy and cognitive and severe
visual impairment. At 7 years of age, survivors with NEC compared to controls
demonstrate a higher rate of neurologic functional impairment.

11.2 Mortality
Overall survival in cases with NEC is 70-80%, being >95% in medical and

70-75% in surgical NEC [59]. Lower BW and GA and surgical intervention, such
as laparotomy and peritoneal drainage, are independent predictors for mortality.

40



Necrotiging Enterocolitis
DOI: http://dx.doi.org/10.5772/intechopen.85784

Other risk factors associated with death from NEC are mechanical ventilation,
treatment with vasopressor agents, surgical intervention, and black ethnicity as per
aretrospective multicenter review of data [60]. Two thirds of NEC deaths occur
within 7 days of diagnosis, with a median time of death being 1 day from the day of
onset. Infants who die within 7 days of diagnosis have higher BW, and more often
they are on vasopressors and high-frequency ventilation at the time of diagnosis.
Risk factors for fulminant NEC, defined as death within 48 h of onset, are presence
of portal venous air, increase in feeding volume by >20 mL/kg per day, HCT <22%,
I/T ratio > 0.5, and total lymphocyte count <4000/pL as demonstrated in a multi-
center study [61].

11.3 Financial burden of NEC

The average total treatment cost of one case of NEC is US $500,000 [62, 63].
Total annual estimated cost of care of NEC in the United States is between $500
million and $1 billion. Infants with NEC are hospitalized for 60 days longer than
unaffected preterm infants if surgery is performed and >20 days longer if surgery
is not required. Bowel resection—one of the most severe complications of NEC—is
the major cause of short bowel syndrome in pediatric patients, making 95% of all
such cases. The total mean cost of care over a 5-year period for a child with the short
bowel syndrome has been estimated to be nearly $1.5 million.

12. Prevention

Prevention is the primary strategy in this devastating disease with undetermined
etiology. Breast milk feeding, prolonging gestation to avoid prematurity, antenatal
steroid, and the use of probiotics/prebiotics are established prevention strategies in
NEC [16]. Nonaggressive feeding is evidenced to be efficacious. The rate of advance-
ment of feeding under 20 ml/kg/day is considered to be safe. Newer strategies, such
as use of toll-like receptor agonist, glutamine, n-3 fatty acids, anti-cytokines, and
growth factors are proposed preventive interventions, but most of these either lack
evidence or have questionable safety. Compound CpG-DNA inhibit TLR4 signaling,
thereby dramatically reducing the severity of NEC in mice. Clinically, the following
measures are suggested to be practiced in order to reduce the risk of NEC: human
milk (both mother’s and donor’); standardized feeding guidelines, including
early initiation with trophic feeds; the use of probiotics; antibiotic stewardship;
optimization of enteral nutrition and growth; elimination of H2 blockers and acid
pump suppressors; elimination of cow’s milk products; transfusion protocols; and
transfusion outcome monitoring. Avoidance of hyperosmolar agents, treatment of
polycythemia, and delayed cord clamping are other interventions that are suggested
to be followed. Prophylactic probiotics, although not yet universally applied due
to uncertainties about its dose and duration of therapy, have been documented to
reduce the incidence of NEC, especially that of severe cases (RR 0.75 95% CI —0.57 to
0.92) in infants <1500 g in multiple studies [64]. There are concerns about bactere-
mia and some aspects of quality control which restrict its use.

13. Future directions
NEC remains a major unsolved medical challenge for which no specific therapy
exists. Recent research is concentrated on the role of TLR4 signaling within the

intestinal epithelium and intestinal stem cells and modulation of the genetics and
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intestinal microbiome. Fecal microbiota transplantation (FMT) has been shown to
reverse the severity of experimental necrotizing enterocolitis (NEC) via oxidative
stress modulation [65]. FMT decreases the extent of TLR4-mediated pro-inflamma-
tory signaling through TLRY in the intestinal mucosa tissue. FMT also suppresses
intestinal apoptosis and bacterial translocation across the intestinal barrier, which is
accompanied by decreased inflammatory cytokine levels, altered bacterial micro-
biota, and regulated lymphocyte proportions. Research is needed to determine if
the use of biomarkers along with specific clinical-biochemical indicators could lead
to earlier intervention with modalities, such as peritoneal drainage or laparotomy
that might decrease the severity of the disease process, thereby improving the
long-term neurodevelopmental and growth outcomes. Improved care of short
bowel syndrome with new surgical and medical approaches are additional subject
for investigation. Tissue engineering techniques and techniques involving intestinal
stem cells may represent unique, novel strategies for intestinal failure after severe
NEC in the future.
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Chapter 3

Oesophageal Atresia: Drowning a
Child in His/Her Own Saliva

Samuel Osei-Nketiah and William Appeadu-Mensah

Abstract

Oesophageal atresia (OA) is a congenital anomaly characterised by absence or
loss of a segment of the oesophagus. This commonly affects the thoracic portion
of the oesophagus, leaving upper and lower oesophageal segments. Loss of the
oesophageal luminal continuity leads to impaired in utero swallowing of amniotic
fluid as well as postnatal swallowing of saliva and food. Besides the loss of oesopha-
geal continuity, most of the patients tend to have a connection between the trachea
and the lower oesophageal segment and a few between the trachea and the upper
oesophageal segment, a condition called tracheo-oesophageal fistula (TOF). In view
of these, the main principles guiding the definitive surgical management of OA are
(1) to disconnect any TOF and (2) to establish a conduit for swallowing, preferably
using the native oesophageal segments. This chapter seeks to discuss OA by focus-
ing on the embryology, anatomy and physiology of the oesophagus, stressing on the
embryological basis of OA. Other areas to cover include aetiology, pathogenesis,
epidemiology, pathologic classification, associated anomalies, pathophysiology,
clinical presentation and diagnosis. Further discussion will focus on prognostic
classification of patients, management and post-operative complications.

Keywords: oesophageal atresia, pathology, associated anomalies, pathophysiology,
clinical presentation, diagnosis, pre-operative management, surgical management,
outcome, prognosis

1. Introduction

Oesophageal atresia (OA), a congenital anomaly characterised by absence or
loss of a segment of the oesophagus, commonly affects the thoracic portion of the
oesophagus, leaving upper and lower oesophageal segments. Loss of the oesophageal
luminal continuity leads to impaired in utero swallowing of amniotic fluid as well as
postnatal swallowing of saliva and food. Besides the loss of oesophageal continuity,
most of the patients tend to have a connection between the trachea and the lower
oesophageal segment and a few between the trachea and the upper oesophageal
segment, a condition called tracheo-oesophageal fistula (TOF). In view of these, the
main principles guiding the definitive surgical management of oesophageal atresia
are (1) to disconnect any tracheo-oesophageal fistula and (2) to establish a conduit
for swallowing, preferably using the native oesophageal segments.

During the early years, the surgical management of oesophageal atresia was
associated with lots of challenges and high mortality [1-4]. Over the past two to
three decades, however, the surgical outcome has improved significantly in most
centres in the developed countries. This improvement is attributed to advances
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Figure 1.
Flow chart showing various topics to be discussed under oesophageal atresia.

in neonatal anaesthesia, well-established neonatal intensive care units (NICU),
availability of total parental nutrition (TPN) and refined surgical skills [1, 5-8].
Conversely, the surgical outcome of oesophageal atresia in developing countries still
remains very poor due to lack of the aforementioned facilities, in addition to late
presentation [9-11].

This chapter seeks to discuss OA by focusing on the topics shown in Figure 1.

2. Embryology of the oesophagus

The oesophagus develops from the primitive foregut as a continuation of the
pharynx. It is said to be present by the fifth week of gestation, and it attains its final
foetal length (8-10 cm) during the 7th week of gestation [12]. Thus, the length of the
oesophagus at birth is 8-10 cm, and this doubles during the first few years of life [12].

The normal embryology of the foregut, as found in most reports and textbooks
of embryology, is divided into five developmental steps [13]:

1. During the first step, the endoderm (epithelium) of the primitive foregut
differentiates into a ventral area called the lung field and a dorsal area called
oesophageal area. The epithelium of the ventral area (lung field) of the primi-
tive foregut consists of 3-4 cell layers, while that of the dorsal area (oesopha-
geal area) has only one cell layer. This phase occurs when the embryo is about
22-23 days old.
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2.Lung (tracheal) bud develops at the caudal end of the lung field.

3.During the third step, beginning caudally at the area of the lung bud, the
lateral walls of the foregut start to approximate, developing longitudinal ridges
inside the lumen of the foregut. This clearly separates the ventral lung field
and the dorsal oesophageal area.

4. Epithelial tracheo-oesophageal septum develops during the fourth step; and it is
assumed that this process also starts caudally and ends cranially close to the laryn-
geal primordium. This process is described by most investigators in four steps:

(i) the epithelium of the longitudinal ridges starts to proliferate; (ii) the ridges,
therefore, fuse in the midline of the primitive foregut and form an epithelial
septum; (iii) cell death takes place in the central areas of the septum, noticeable
by the appearance of nuclei pyknosis and (iv) as a result, mesenchymal tissue
then expands into the area between the trachea and the oesophagus.

5.Separation of the respiratory tract from the oesophagus becomes definitive
between the sixth and the seventh weeks of gestation through the formation of
a mesenchymal septum called tracheo-oesophageal septum.

It should be noted that most steps in this schematic description of the foregut
embryology lack clear evidence [13].

Other developmental features of the oesophagus include [12]:

Mesenchymal circular coat (muscle) develops early in the sixth week of gesta-
tion. The longitudinal muscle forms between the ninth and twelfth weeks of
gestation, and the muscularis mucosa develops at approximately the fourth month
of gestation [12].

Blood vessels enter the oesophageal wall during the seventh month of gestation
and lymph capillaries between the third and fourth months of life [12]. The most
important embryologic structure for blood supply to the oesophagus is the fourth
branchial arch. The arch produces the subclavian artery and its branches, includ-
ing the inferior thyroid artery which supplies the cervical oesophagus. The fourth
branchial arch also produces the aorta, from which vessels spring to supply the
thoracic oesophagus.

The formation of the oesophageal epithelium is peculiar; it “changes face” four
times. The epithelium is stratified columnar at the start of embryonic life, becoming
cuboidal later. In foetal life, it is ciliated columnar, and, finally, it becomes stratified
squamous soon after birth. Innervation of the oesophageal wall is received from
sympathetic nerve fibres from the thoracic trunk and celiac plexus and parasympa-
thetic innervation from the vagus nerve.

The oesophageal wall is formed from endoderm and mesoderm (Figure 2). The
endoderm produces the oesophageal epithelium and glands, whereas the mesoderm
produces the connective tissue, muscular coat, and angioblasts. Splanchnic mesen-
chyme surrounds the oesophagus and trachea. The splanchnic mesenchyme forms
the smooth muscle of the lower oesophagus.

The causal branchial arches (4 and 6) are responsible for the formation of the
striated musculature of the upper oesophagus and pharynx. They are innervated by
the vagus nerve (nerve to the fourth arch) and the recurrent laryngeal nerve branch
of the vagus nerve (nerve to the sixth arch) [12].

The oesophageal lumen is almost filled with vacuolated cells from proliferation
of oesophageal epithelium during the seven—eighth weeks of gestation. The filling
is never complete, and hence the so-called solid stage does not exist. At 10 weeks’
gestation, the lumen of the oesophagus is restored as the vacuolated cells disappear.
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Figure 2.
Embryologic duo responsible for genesis of the oesophagus.

2.1 Anatomy of the oesophagus

The oesophagus is a muscular tube connecting the pharynx to the stomach. At
birth, the length of the oesophagus is about 8-10 c¢m, and this doubles in the first
few years of life. The length of the oesophagus in the adult is about 25 cm. It extends
from the lower border of the cricoid cartilage (at the level of the C6 vertebra) to
the cardiac orifice of the stomach at the level of T11 vertebra. The upper limit in the
newborn is found at the level of the fourth or fifth cervical vertebra and ends higher
at the level of the T9 vertebra [14, 15].

The oesophageal wall is composed of mucosa, submucosa, muscularis propria
and adventitia, lacking a distinct serosa. The mucosa is the strongest layer of the
oesophageal wall. Hence, meticulous approximation of the oesophageal mucosa is
essential for a technically sound anastomosis.

The oesophagus is divided into three segments—cervical, thoracic and abdominal
segments. The cervical portion is somewhat curved, with its convex side to the left,
thereby projecting to the left of the trachea. Incisions for approaching the cervical
oesophagus are commonly made on this side. Anteriorly, the cervical oesophagus is
covered by the trachea.

The arterial blood supply to the oesophagus is generally considered with regard to
the cervical, thoracic and abdominal segments of the oesophagus. The arterial blood
supply to the pharyngo-oesophageal junction and the cervical oesophagus is derived
from branches of the inferior thyroid artery. In addition, the pharyngo-oesophageal
junctional area of the oesophagus is supplied by small arterial branches of the sub-
clavian (artery of Luschka), common carotid, vertebral, superior thyroid and costo-
cervical trunk vessels [12, 16]. The thoracic oesophagus is supplied from oesophageal
branches of the aorta, the bronchial arteries and the right intercostal arteries. Accessory
oesophageal branches are also present directly from the internal mammary, com-
mon carotid and superior intercostal arteries [12, 17]. The left gastric artery provides
oesophageal blood supply to the abdominal segment of the oesophagus in most
individuals. Rarely, oesophageal arteries will arise from an accessory left hepatic artery.
In less than one-half of individuals, the oesophagus receives arterial blood via the left
inferior phrenic artery and rarely from the right inferior phrenic artery [16]. A well-
developed subepithelial network of capillaries is present in the oesophageal mucosa and
submucosa [18, 19]. The excellent submucosa plexus of the proximal oesophagus allows
for extensive mobilization without compromise to the blood supply, whereas caution
should be taken distally because of the segmental lower oesophageal blood supply.

Venous drainage from the oesophagus includes intrinsic and extrinsic ves-
sels. The intrinsic system includes subepithelial and submucosal veins that join
gastric veins and perforating veins that join with the extrinsic system of veins. The
extrinsic veins include larger longitudinal vessels that run on the outer surface of
the oesophagus and are close to the vagus nerves. These vessels connect the left
gastric vein to the azygous or hemiazygous veins either directly or indirectly via the
posterior bronchial veins. Extrinsic veins drain into the inferior thyroid, vertebral
and deep cervical veins in the cervical region. Oesophageal veins at the level of the
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cardia join the phrenic and abdominal oesophageal veins to drain primarily into the
left gastric vein, as well as the gastroepiploic and splenic veins [20]. This may be a
point of importance when dealing with a patient with portal hypertension.

The oesophageal lymphatics form plexuses in the mucosa (lamina propria), sub-
mucosa, muscularis, and adventitia with interconnectivity [12]. Collecting trunks
originate in the submucosa and empty into the nearest lymph nodes.

In the oesophageal wall are two plexuses of nerves for intrinsic nerve supply:

(i) Meissner’s plexus in the submucosa and (ii) Auerbach’s plexus in the connec-
tive tissue between the circular and longitudinal muscularis externa [12]. These
plexuses form networks of multipolar ganglion cells, the processes of which are
in contact with one another and receive axons from the vagus. The oesophagus
receives extrinsic nerve supply from three sources: the (a) cerebrospinal,

(b) sympathetic and (c) parasympathetic (vagal) nervous systems [12].

The cricopharyngeal (CP) muscle, which is located at the pharyngo-oesophageal
junction, attaches to the cricoid cartilage and forms a C-shaped muscular band. It is
innervated by the pharyngeal plexus of the vagus nerve and the recurrent laryngeal
nerve [21]. The main function of the CP muscle is to control luminal flow between
the pharynx and oesophagus. The CP sphincter muscle is tonically contracted at
rest and relaxes during swallowing. The major component of the upper oesophageal
sphincter (UES) is the CP muscle, although the inferior pharyngeal constrictor and
striated muscles of the proximal oesophagus also contribute [22].

The function of the lower oesophageal sphincter is abolished by total truncal
vagotomy.

2.2 Physiology of the oesophagus

The main function of the oesophagus is for swallowing, and this is achieved
through peristalsis. Functionally, the oesophagus is divided into three areas: (i) the
upper oesophageal sphincter (UOS), (ii) the oesophageal body and (iii) the lower
oesophageal sphincter (LOS). The coordinated activity of these three parts is essen-
tial to ensure propulsion of bolus from the pharynx to the stomach. The UOS plays
a key role in controlling regurgitation of oesophageal content into the pharynx and
the airways, while the LOS prevents reflux of gastric content into the oesophagus.

2.3 Aetiology and pathogenesis of oesophageal atresia

Various theories were developed in the past to explain the embryology of foregut
anomalies. These theories are grouped into four [13]: (i) oesophageal occlusion
theory, (ii) theories of spontaneous deviation of the tracheo-oesophageal septum,
(iii) mechanical theories and (iv) not otherwise specified (NOS) theories.

Tandler postulated the theory of foregut occlusion in 1902 as a physiological
occlusion during duodenal development [13]. Such physiological occlusion is also
postulated to occur during oesophageal development; and that failure of recanalisa-
tion leads to oesophageal atresia [13]. Tracheo-oesophageal septal deviation is found
to be another theory that explains the development of OA [13]. Various mechanisms
have been used to explain the mechanical theory [13]. These include ventral pres-
sure on the developing oesophagus by a very big anlage of the heart and aberrant
vessels. The NOS theories include the development of a very large tracheal field that
uses too much tissue to form the trachea, resulting in a shortage of dorsal tissue.
Abnormal septation, combined with a disturbance in the organ inducing field, is
believed to account for OA with TOF. Isolated TOF is speculated to result from a loss
of epithelial proliferation or through an excessive necrosis in the area of the epithe-
lial tracheo-oesophageal septum [13].
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Aetiologically, various genetic defects have been found to be associated with
oesophageal atresia. Important genes related to the pathogenesis of OA, and mostly
involved in developmental pathways, include vitamin A effectors, retinoic acid
receptors a and b (Rara and Rarb), sonic hedgehog pathway effectors (Shh, Gli2,
Gli3 and Foxf1) and other homeobox containing transcription factors (Hoxc4, Ttf-1
and Pcsk5) [23]. Various environmental teratogens have also been implicated in the
pathogenesis of OA-TOF [23]. Infants born to mothers with prolonged exposure
to contraceptive pills (exposure to progesterone and oestrogen) during pregnancy
have high risk. Oesophageal atresia has also been reported in some infants of hyper-
thyroid and uncontrolled diabetic mothers. Intrauterine exposure to thalidomide
and diethylstilbestrol are also found to be associated with OA.

2.4 Epidemiology of oesophageal atresia

The incidence of OA, with or without TOF, is reported to be 1:3500 live-born
infants. This, however, varies geographically [23] from 1 in 2440 births in Finland
to 1in 4500 births in the United States and Australia. In a European study, 62% of
infants with OA-TOF were male, whereas a California database found consider-
able variations in the male-to-female ratios between types of OA-TOF defects [23].
Mothers of white ethnicity have a higher (>60%) prevalence of OA-TOF than non-
white populations do [23]. First pregnancy and increasing maternal age have been
found to be associated with an increased risk OA-TOF [23]. The risk is reported to
be twofold for women 35-40 years old and threefold for those older than this age
[23]. Offspring of in vitro fertilization patients also have a significantly increased
risk of developing OA (OR 3.65:CI 2/53-5/26) [23].

2.5 Anatomic (pathologic) classification of oesophageal atresia

Various systems of classifications have been used to classify OA. The two most
frequently used ones are shown in Table 1 [24].

2.6 Associated anomalies

About 50-70% of patients with oesophageal atresia have associated congenital
anomalies [23]. Cases without tracheo-oesophageal fistula tend to be most com-
monly associated with other anomalies, while those with the H-type are less com-
monly associated with other anomalies. Associated anomalies may negatively affect
patient management and overall outcome of patients.
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Table 1.
Types of oesophageal atresia—anatomic (pathologic) classification of oesophageal atvesia.
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About 50% of patients with associated anomalies have recognizable syndromes,
sequences, and associations [23]. VACTERL (vertebral, anorectal malformation,
cardiac, tracheo-oesophageal, renal, limb) association is found in 20% of cases [25].
These syndromes, sequences, and associations usually result from chromosomal
anomalies or single gene mutations (Tables 2 and 3) [23, 26].

Patients with oesophageal atresia have trisomies 18 and 21 in about 7% of
patients. In trisomy 21 (Down syndrome), the possibility of associated duodenal
atresia, Hirschsprung’s disease and congenital heart disease should be considered.
In patients with clinically suspected trisomy 18, surgery should be postponed and
chromosomal analysis done immediately since prognosis for trisomy 18 is very poor.

The common associated anomalies in non-syndromic oesophageal atresia include
the cardiovascular system (CVS), genitourinary tract (GUT), gastrointestinal tract
(GIT), musculoskeletal system (MSS), and central nervous system (CNS) (Table 4).
Cardiovascular anomalies tend to occur most frequently (Table 4) [23, 25, 27]. This is
followed by the GUT, GIT, MSS, and CNS (neurologic anomalies). A review of cases
seen at our centre in Accra Korle-Bu, however, showed overall incidence of associated
anomalies of 32.5%, with GIT system being the most commonly affected, followed by
the CVS [9].

The most common CVS anomalies are ventricular septal defect (VSD) and atrial
septal defect (ASD). Other CVS defects include tetralogy of Fallot, patent ductus
arteriosus (PDA), and coarctation of the aorta. A few patients tend to have the
descending thoracic aorta on the right side. Renal agenesis or hypoplasia, unde-
scended testis, cystic renal disease, hydronephrosis, vesicoureteric reflux (VUR)
and ureteric duplication are some of the GUT anomalies associated with oesopha-
geal atresia. Other GUT anomalies include pelvi-ureteric junction (PUJ) obstruc-
tion, vesicoureteric junction (VU]) obstruction, urachal anomalies, ambiguous
genitalia, bladder exstrophy and cloacal exstrophy. The GIT anomalies found in
oesophageal atresia include anorectal malformation (ARM), duodenal atresia,
intestinal malrotation, ileal atresia, annular pancreas and pyloric stenosis. Vertebral
and radial abnormalities are the usual MSS defects associated with oesophageal
atresia. The CNS defects found in oesophageal atresia include neural tube defects,
hydrocephalus, holoprosencephaly and anophthalmia or microphthalmia.

2.7 Pathophysiology of oesophageal atresia

The discontinuation of the oesophageal lumen prevents swallowed amniotic fluid
by the foetus from reaching the stomach and hence the intestine. In view of this, the
physiological control of amniotic fluid volume by the foetus, through swallowing
and absorption, is impaired, leading to polyhydramnios. This would in turn lead to
premature rupture of membrane, umbilical cord prolapse and premature delivery.
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Table 2.
Chromosomal abnormalities associated with oesophageal atresia.
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Table 3.
Single gene mutations associated with oesophageal atresia.

Postnatally, the neonate is not able to swallow saliva and food. This leads to
accumulation of saliva and food in the upper oesophageal segment (pouch). The
accumulated saliva and food then spill over into the lungs through the larynx and
trachea. Patients are therefore prone to the development of aspiration pneumonia.
Patients with distal tracheo-oesophageal fistula also tend to aspirate gastric secre-
tions into the lungs, especially if lying in a head-down position.

The distal tracheo-oesophageal fistula also allows air to escape from the trachea
to the stomach and hence the intestines. Consequently, patients can develop gross
distention of the stomach and intestine, especially if patient is resuscitated using
an Ambu bag. The distended stomach can then splint the diaphragm, impairing
diaphragmatic excursion and thereby causing respiratory distress. The distended
stomach can also rupture leading to chemical peritonitis.

In patients with delayed diagnosis, the constant regurgitation of swallowed food
leads to malnutrition. Such patients tend to have poor surgical outcome and overall
survival.

Associated congenital anomalies, especially severe cardiac and renal anomalies,
also affect management and survival of patients. Low birth weight that may result
from premature delivery owing to polyhydramnios also tends to affect management
and survival.

2.8 Clinical presentation

Oesophageal atresia may be detected prenatally or postnatally.
2.8.1 Prenatal presentation and diagnosis

Prenatal diagnosis helps in planning of delivery and possible prenatal referral to
centres that have the facilities to manage such patients.

Oesophageal atresia should be suspected prenatally in patients with evidence
of polyhydramnios. Polyhydramnios will present with symphysio-fundal height

Assocalgd snoealy Incidemes [Tl
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Table 4.
Common associated anomalies in non-syndromic oesophageal atresia.
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of more than the expected for gestational age. This is confirmed with antenatal
ultrasonography with amniotic fluid index (AFI) of more than 24 cm.

Antenatal ultrasonographic features of polyhydramnios, a small stomach, a
distended upper oesophageal pouch and abnormal swallowing should raise the
suspicion of oesophageal atresia [28-31].

2.8.2 Postnatal presentation and diagnosis

2.8.2.1 History

Postnatally, patients with oesophageal atresia present with drooling of saliva
(excessive salivation). A history of antenatal polyhydramnios gives more credence
to the diagnosis of oesophageal atresia. Delayed diagnosis leads to aspiration of
saliva from the upper oesophageal pouch, causing aspiration pneumonia with
cough, cyanosis and fever. Feeding leads to worsening of the aspiration pneumonia.
Hence, early detection and avoidance of oral feeds helps to promote good outcome
of patients.

Patients with distal tracheo-oesophageal fistula are also at risk of aspiration of
gastric secretions into the lungs. In addition, swallowed air passes through the distal
tracheo-oesophageal fistula into the stomach. This can lead to gross gastric disten-
tion, especially following Ambu bagging, resulting in diaphragmatic splinting and
sometimes gastric rupture. They may thus present with respiratory distress, gross
abdominal distention and sometimes peritonitis.

Patients with tracheo-oesophageal fistula without oesophageal atresia are usu-
ally diagnosed late. They present with recurrent cough associated with feeding and
recurrent episodes of pneumonia.

Other symptoms would depend on associated congenital anomalies. Patients
with cardiac anomalies may present with cyanosis. Patients with renal agenesis will
have a history of anuria.

During history taking, one should seek for a maternal history of uncontrolled
diabetes mellitus and the use of drugs such as oral contraceptives, antithyroid
drugs (carbimazole and methimazole) and thalidomide. These are risk factors for
oesophageal atresia.

The history of the maturity and weight of the baby at birth are also important
considerations.

2.8.2.2 Physical examination

The principles of physical examination of a patient with suspected oesophageal
atresia are to confirm the diagnosis, assess for aspiration pneumonia and evaluate
for associated congenital anomalies.

To confirm the diagnosis, a stiff radiopaque 10-gauge French catheter is passed
through the mouth into the oesophagus. The tube is not passed through the nose
because it may traumatize the nasal passages. The diagnosis of oesophageal atresia is
heightened if the tube fails to reach the stomach by getting arrested in the proximal
oesophageal pouch at about 10 cm from the alveolar margin. A soft and smaller
tube may coil in the upper oesophageal pouch, giving an impression of reaching the
stomach. The secretions sucked through the tube can be tested with litmus paper
to differentiate between saliva (basic) in the upper oesophageal pouch and gastric
secretions (acidic).

The presence of fever, respiratory distress, reduced air entry in the lungs (espe-
cially on the right side) and crepitations in the lungs are an indication of aspiration
pneumonia. However, patients in heart failure will have similar chest findings, and
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these are usually bilateral. Gastric distention and gastric rupture will be associated
with respiratory distress, abdominal distention and abdominal signs of peritonitis.

Meticulous examination for associated anomalies is done. The presence of
cyanosis may be due to cyanotic heart disease. The chest is examined for heart mur-
murs and crepitations. The abdomen is examined for any palpable flank mass. The
perineum is examined for ARM. The spine and the limbs are also examined for any
anomaly. Indeed, the VACTERL association could be used as a guide to take history,
examine and investigate for any associated congenital anomaly.

2.8.2.3 Investigations

Investigations are also done to confirm the diagnosis, to assess for complications
(aspiration pneumonitis and gastric rupture) and to evaluate for associated anomalies.

Oesophageal atresia is confirmed by taking a plain X-ray of the neck, chest, and
abdomen with a radiopaque tube passed through the mouth in situ. In the presence
of oesophageal atresia, the X-ray will show the tube arrested in the upper oesopha-
geal pouch or coiled in the upper pouch. The same X-ray is also evaluated for
evidence of associated aspiration pneumonia, cardiac enlargement, dextrocardia
and vertebral anomalies.

The abdominal portion will help to determine the presence of air in the stomach
and intestine. The presence of air in the stomach and intestine indicates the pres-
ence of a distal tracheo-oesophageal fistula. Pneumoperitoneum indicates gastric
rupture. A gasless abdomen implies the absence of a distal tracheo-oesophageal
fistula. Such a patient may either have no tracheo-oesophageal fistula or a proximal
fistula. The proximal fistula can be identified with the aid of bronchoscopy [32].
Table 5 summarises the important diagnostic features of OA.

Abdominal ultrasound to assess the kidneys, ureters and the urinary bladder
is also done. Patients with bilateral renal agenesis or severe multicystic dysplastic
kidneys will need no further management since such patients will not survive.
Renal scintigraphy will confirm non-functioning kidneys.

Ultrasonography (USG) of the spine is used to assess the spinal cord for anoma-
lies, including tethered cord. The USG of the spinal cord should be done before 3
months of age since the bones become ossified after this age, rendering the use of
USG impossible. Magnetic resonance imaging (MRI) may be used to evaluate the
spinal cord. It is, however, very expensive and implies the need for general anaes-
thesia in a new born with a relatively high anaesthetic risk. It is not readily available
at most centres, especially in the developing countries.
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Table 5.
Important diagnostic features of oesophageal atresia.
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Echocardiogram is used to evaluate the heart for a congenital heart disease
and the direction of the arch of the aorta. The direction of the arch of the aorta
(normally to the left) is utilised in deciding the side of the thoracotomy incision
(usually on the right side since the arch is normally to the left). At our centre,
echocardiogram is not routinely done for every patient since it is expensive and not
readily available. Hence, we selectively use it for only patients with clinical evidence
of congenital heart disease.

Patients with suspected chromosomal and genetic anomalies are evaluated to
confirm the anomaly. However, this is not available at most centres in developing
centres, including our centre. Patients with confirmed trisomy 18 (Edwards syn-
drome) should have any planned surgical intervention abandoned since prognosis
for these patients is very poor.

Patients with Down syndrome should be evaluated for the possibility of associ-
ated duodenal atresia, congenital heart disease and Hirschsprung’ disease.

Other investigations that are supportive are full blood count (FBC) and blood
urea, electrolytes, and creatinine (BUE&Cr). Blood gases may be analysed in
patients who are critically ill.

2.9 Clinical prognostic classification of patients

Prognostic classification is done based on risk factors that affect survival of infants
with OA. It is used to guide operative treatment and to compare case outcomes over
time and between centres. The first prognostic risk stratification of patients with OA
was developed in 1962 (Waterston classification) [4]. This is based on birth weight,
the presence of pneumonia and associated congenital anomalies (Table 6). It has
provided important contribution to the care of infants with OA. Patients in group
A (good-risk category) are offered immediate primary repair of the defect. Those
in group B (moderate-risk category) are treated with delayed primary repair, while
those in group C (high-risk category) are managed by staged repair.

Several new classification schemes have been developed because of improve-
ment in neonatal intensive care and availability of more treatment options for
multiple congenital anomalies. These new schemes include refinement of the
Waterston classification by Randolf and colleagues in 1989 [33]. This is based on
the overall physiologic status of the patient. Poenaru et al. [34] also developed
a new prognostic classification based on severe pulmonary dysfunction with
preoperative mechanical ventilation and severe associated anomalies. Spitz et al.
[35] developed a new risk classification based on birth weight and major cardiac
anomaly (Table 7). Currently, the Spitz classification is the most commonly used
system [36, 37]. Another new prognostic classification system has been developed
by adding preoperative respiratory distress syndrome and pneumonia to the Spitz
classification [38].

Categnry Waterston Clasl fication | Survival (%]

B il B3

th mexderste preamondy o

Table 6.
Waterston prognostic classification of oesophageal atresia infants.
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Table 7.
Spitz prognostic classification of infants with oesophageal atvesia.

2.10 Management of patients
2.10.1 Pre-operative management

The aim of preoperative management is to make patient stable before surgical
management of the oesophageal atresia. This involves prevention of complica-
tions, treatment of life-threatening complications, management of life-threatening
associated congenital anomalies and general supportive measures.

Complications to be prevented are mainly aspiration and diaphragmatic
splinting by gaseous distention of the stomach and intestines. Maintaining the
child in a partly upright position and by repeated or continuous suctioning of the
upper oesophageal pouch prevents aspiration. These measures keep the proximal
oesophagus empty and reduce the likelihood of overflow of saliva into the lungs. The
repeated suctioning of the upper oesophageal pouch should be done every 10 min or
more often if the child appears to have excessive mucus or air bubbles. The best tube
for suctioning, especially for continuous suctioning, is the Replogle tube. The partial
upright position prevents aspiration of stomach secretions. Infants with OA should
not be fed to prevent aspiration. The child should have minimal handling to prevent
excessive crying and consequent filling of stomach with air. In addition, vigorous
resuscitation by Ambu bagging should be avoided to prevent gastric distention.

The main life-threatening complication is respiratory distress. Respiratory
distress may be due to prematurity, other congenital abnormalities, aspiration
pneumonia, or diaphragmatic splinting. Diaphragmatic splinting in patients with
OA results from excessive escape of air through the distal fistula into the stomach,
causing distention of the stomach and intestines and, in some cases, causing gastric
rupture. Thorough evaluation of the infant to determine the underlying cause and
prompt management is paramount. Gross gastric distension and perforation, caus-
ing pneumoperitoneum and elevation of the diaphragm, can cause major morbidity
by worsening ventilation. Prompt needle decompression of the abdomen should
be offered. This is followed by urgent laparotomy to control the air leakage. This
involves insertion of a Foley catheter through the gastric perforation into the lower
oesophagus, thereby occluding the distal TOF and allowing thoracotomy to pro-
ceed, at which time the distal TOF is divided. Blood gases should be monitored, but
if monitoring facilities are not available, the infant must be kept pink at all times,
and pulse oximetry for monitoring is considered standard.

Patients with duct-dependent congenital heart disease should be stabilised, by
keeping the duct (patent ductus arteriosus) patent with prostaglandin E1 infusion,
before surgery is done.

General supportive measures include keeping the child warm, vitamin K
administration, provision of IV fluids/parenteral nutrition and administration of
broad-spectrum antibiotics.
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2.10.2 Operative management of oesophageal atresia

The operative management may be immediate primary repair, delayed primary
repair or staged repair; and this depends on the prognostic category of the patient
and the gap between the upper and the lower oesophageal segments. Patients with
pneumonia and duct-dependent congenital heart disease need to be stabilised and
planned for delayed primary repair. Patients with long-gap oesophageal atresia could
also be managed with delayed primary repair. Further growth of the upper oesopha-
geal pouch tends to occur if primary repair is delayed for about 3 months. Hence,
the role of total parenteral nutrition (TPN) becomes significantly important. No
consensus has been reached for the definition of long-gap OA. However, long gap is
defined by some authorities as a gap of >3 vertebral bodies or >5 cm [39].

Primary repair is achieved mostly through a right thoracotomy (readers should
read operative textbooks for details of the surgical procedure). However, in patients
with right-sided arch of aorta, left thoracotomy is done. The patient is placed at the
right side uppermost and with a towel folded underneath the left chest to give lat-
eral flexion. The right arm is extended above the head and the head slightly flexed.
A transverse incision is centred on the inferior angle of the scapula, and the chest is
entered through the fourth intercostal space. Approach to the oesophagus may be
extrapleural or transpleural. The extrapleural approach is favoured because of the
less likelihood of developing empyema following an anastomotic leak. The pleura is
swept off the chest wall to identify the structures of the posterior mediastinum. The
azygous vein is then ligated and divided.

Any distal TOF is identified and divided close to the trachea. The fistula is then
closed with interrupted absorbable sutures such as 4/0 Vicryl, PDS, or Monocryl.
Care should be taken to avoid damage to the vagal fibres and blood supply to the
distal oesophageal segment.

The upper oesophagus is identified with the aid of a tube passed through the
mouth or nose by the anaesthetist. It is then mobilised enough to allow an end-to-
end, one-layer, interrupted oesophageal anastomosis, ensuring that the mucosa and
the submucosa are included. The upper oesophageal segment can be extensively
mobilized along its full length without risk of significant ischemia. If extensive
mobilization of the proximal oesophagus fails to provide adequate length, the
lower oesophagus may be mobilized to prevent undue tension on the anastomosis.
Mobilising the lower oesophagus without complete disruption of its segmental vas-
cular supply is possible. However, care should be taken to avoid excessive or rough
handling of the oesophagus. If, despite extensive mobilisation of the two oesopha-
geal segments, an anastomosis cannot be performed without excessive tension, an
oesophageal myotomy (Levaditis procedure) can be performed. Myotomy (circular
or spiral myotomy) is usually done using the upper pouch. It can cause significant
damage to the nerve and blood supply distal to the myotomy and predisposes to
diverticulum formation and strictures.

Patients with TOF without atresia have an oblique fistula running downward
from the trachea to the oesophagus, usually at the level of T1-T3. This level is
somewhat higher than what is seen in most patients with oesophageal atresia. In
these patients, a cervical approach provides the best surgical access as most fistulas
are in the root of the neck (at about the level of the second thoracic vertebra). Care
should be taken to avoid damage to the recurrent laryngeal nerves, which lie in the
grooves between the oesophagus and the trachea and closely related to the fistula,
during operative dissection.

Staged repair of OA involves division of TOF, placement of feeding gastrostomy
and cervical oesophagostomy. Disconnection of distal TOF is done at most centres
through thoracotomy. At our centre, however, this is done by dividing the abdominal
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oesophagus during the placement of the feeding gastrostomy [27]. This helps to
avoid the stress of thoracotomy that may negatively affect patient outcome. Patients
who undergo staged repair are later offered oesophageal replacement surgery.

It should be noted that the surgical management of OA has been advanced into
the realm of minimally invasive surgery (thoracoscopy) due to recent advances in
surgical techniques. [40-49]. Thoracoscopic approach to the repair of OA is associ-
ated with early recovery and minimal chest wall musculoskeletal morbidity as
compared with open surgery (thoracotomy).

2.11 Manoeuvres for managing long-gap OA to achieve primary repair

Various manoeuvres are used to narrow the gap between the upper and lower
oesophageal segments [50]. These manoeuvres are classified as preoperative
manoeuvres and intraoperative manoeuvres (Table 8).

Preoperative manoeuvres are those that are done before the surgery for primary
repair is attempted; and they may be achieved thoracoscopically [45, 51]. These
include external traction technique by Foker [50, 52, 53]; multistage, extrathoracic
elongation technique by Kimura [52, 54]; bougienage of the upper oesophageal
pouch, sometimes including the lower pouch; placement of magnets in the two ends
of the oesophageal segments with patient placed in an electromagnetic field and
delaying of surgery for some months to allow growth of the oesophagus.

In the Kimura technique, the upper part of the oesophagus is mobilised and
brought out as an end-cervical oesophagostomy. The oesophagus and its cutaneous
stoma are surgically mobilised and translocated down the anterior chest wall every
2-3 weeks. This is continued until enough length is achieved to perform an end-to-end
oesophageal anastomosis. The Foker technique involves open or thoracoscopic place-
ment of traction sutures on both the proximal and distal oesophageal pouches with
the sutures exiting through the chest wall. These sutures are serially pulled in opposite
directions until the pouches approximate. This external traction technique of Foker is
reported to induce oesophageal growth and expedite approximation of the pouches.

Internal traction techniques have also been used to bridge long gaps [45, 55].
These include open or thoracoscopic suturing of the oesophageal segments to the
prevertebral fascia or costal bone under tension.

Intra-operative manoeuvres include full mobilisation of the upper segment of
the oesophagus; mobilisation of the distal segment; circular myotomy (Levaditis
technique) or spiral myotomy, usually of the upper pouch and mobilisation of the
stomach into the chest.

Other intraoperative techniques include full-thickness anterior flap of the upper
pouch [56] and injection of Botox into the upper segment.

Figure 3 shows an algorithm for the management of patients with oesophageal
atresia.

Table 8.
Pre-operative and intraoperative oesophageal elongation manoeuvres for long-gap oesophageal atresia.
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Figure 3.

Algorithm for the management of patients with oesophageal atvesia.

2.12 Complications after repair of OA

Complications [57-59] resulting from repair of OA are generally grouped into
two: early and late complications (Table 9). Early complications include anas-
tomotic leak, anastomotic stricture, and recurrent tracheo-oesophageal fistula.
Tracheomalacia, gastro-oesophageal reflux and oesophageal dysmotility are the late
complications. Factors that promote postoperative complications include preopera-
tive intubation, birth weight less than 2.5 kg, long-gap OA [60], post-operative
intubation for more than 4 days, anastomotic leak and inability to feed orally for
more than 1 month [61]. Management of the complications may involve a multidis-
ciplinary approach.

2.12.1 Early complications

2.12.1.1 Anastomotic leak

Anastomotic leak at the oesophago-oesophagostomy is found in about 14-16%
of patients after primary repair of OA. Most often, the leaks are clinically insignifi-
cant and can be managed with adequate drainage and nutritional support. Up to
95% of the leaks close spontaneously when a retropleural approach is undertaken
and a patent mediastinal drain is in place [62]. Even in transpleural repair with leak-
age, spontaneous closure occurs with adequate drainage. Anastomotic breakdown
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Complications associated with oesophageal atresia repair.

usually leads to the formation of a stricture at the site and may be associated with
arecurrent TOF. Only 3-5% of anastomotic leaks are known to result from major
disruptions of the oesophageal anastomosis. They are found to be typically seen
within 24-48 h after repair. Patients usually deteriorate as result of tension pneu-
mothorax or mediastinitis. Hence, prompt reoperation with adequate drainage is
imperative. Repair of the leak may be attempted, and this may be buttressed with
the help of a pleural or pericardial patch, with or without intercostal muscle flap.
Contributing factors to anastomotic leak include poor surgical technique, ischemia
of the oesophageal ends, the use of myotomy and excessive tension at the anasto-
motic site [63, 64]. If reanastomosis is not possible, cervical oesophagostomy and
delayed oesophageal replacement would be required.

2.12.1.2 Anastomotic strictuve

Anastomotic stricture is found to be a common complication after repair of
OA. It is characterised by dysphagia and recurrent respiratory problems due to
aspiration or foreign body obstruction. The narrowing is noted on endoscopy or
contrast oesophagography. Poor anastomotic technique (excessive tension, two-
layered anastomosis and silk suture material), long gap, ischemia at the ends of the
oesophagus, gastro-oesophageal reflux and anastomotic leak are factors implicated
in the pathogenesis of oesophageal stricture.

Anastomotic stricture is treated by dilatation. However, a stricture resistant to
repeated dilatations will require resection and reanastomosis or oesophageal replace-
ment. Triamcinolone injection may be used at the stricture site. However, repeated
injections may lead to adrenal suppression. Application of mitomycin C to the
stricture under endoscopic control has also been reported to reduce stricture forma-
tion after dilation. It is important to determine whether the oesophageal stricture is
associated with gastro-oesophageal reflux. This can be determined using contrast
oesophagography, endoscopy, pH monitoring or a combination of these studies. The
presence of gastro-oesophageal reflux is initially managed medically with proton
pump inhibitors. Failure of medical management may warrant antireflux procedure.

2.12.1.3 Recurrent tracheo-oesophageal fistula

Recurrent TOF commonly results from anastomotic leak with local inflamma-
tion and erosion through the previous site of TOF repair. Recurrent TOF can be
minimised by the use of a pleural flap, vascularized pericardial flap or azygous
vein flap interposed between the oesophageal and tracheal suture lines. Symptoms
of recurrent TOF can be typical of those seen with a congenital H-type TOF
(coughing with feedings and recurrent respiratory distress). However, less obvious
symptoms such as recurrent pulmonary infections are more common. Air-filled
oesophagus on plain radiographs of the chest is suggestive of the diagnosis. As done
in patients with congenital H-type fistula, contrast oesophagography performed in
the prone position under videofluoroscopy is a reliable method of establishing the
diagnosis. Another reliable diagnostic approach is bronchoscopy with cannulation
of the fistula with a 2- to 3-French catheter. It is invaluable in locating the fistula
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during the operative procedure. About 50% of recurrent TOF is missed on routine
contrast swallow studies. A recurrent TOF rarely closes spontaneously and usually
requires surgical repair. Operation of choice is thoracotomy with fistula ligation,
and division is the operation of choice. Pleura, intercostal muscle or pericardium
should be interposed between the oesophagus and trachea to minimise recurrence.
Endoscopic treatment of TOF by means of various chemicals or diathermy has also
been reported. Various case reports and case series have reported the use of dia-
thermy or laser deepithelialization followed by fibrin glue.

2.12.2 Late complications
2.12.2.1 Gastro-oesophageal veflux

Gastro-oesophageal reflux is a common complication after repair of OA [65].

It is probably related to shortening of the intra-abdominal portion of the oesopha-
gus because of anastomotic tension and/or oesophageal motor dysfunction. The
motor dysfunction may be intrinsic to the congenital anomaly or acquired from
operative manipulation. Clinically, gastro-oesophageal reflux is suspected in
patients with symptoms of vomiting, dysphagia and recurrent anastomotic stenosis.
Episodes of foreign body or food bolus impaction may occur. Respiratory symptoms
such as stridor, cyanotic spells, recurrent pneumonia and reactive airway disease
are also suggestive of gastro-oesophageal reflux.

Upper gastrointestinal contrast study and 24-h pH probe data are diagnostic
tools for gastro-oesophageal reflux. Multichannel oesophageal impedance com-
bined with pH monitoring may emerge as a superior test. Abnormal oesophageal
peristalsis and decreased lower oesophageal sphincter pressures after OA repair
have been documented on oesophageal manometry. Medical management typically
consists of thickening of feedings, positioning of the infant in a prone or upright
posture, administration of acid reduction agents such as histamine-2 blockers,
proton pump inhibitors and prokinetic agents. Antireflux operations are offered
for patients with failed medical management, failure to thrive, chronic pulmonary
infection, refractory anastomotic stricture or the development of a distal oesopha-
geal stricture.

2.12.2.2 Tracheomalacia

Respiratory symptoms occurring after repair of OA can be due to tracheomala-
cia. Tracheomalacia is defined as generalized or localized weakness of the trachea
that allows the anterior and posterior tracheal walls to come together during expira-
tion or coughing.

Symptoms of tracheomalacia are often difficult to clinically distinguish
from those of recurrent TOF, anastomotic leak, or gastro-oesophageal reflux.
Embryologic events leading to TOF are believed to contribute to the development
of tracheomalacia [61]. The tracheal cartilage is shorter than normal, thereby
failing to provide the support necessary to maintain a patent airway [61]. The
trachea may also be compressed between the aorta anteriorly and the often dilated
upper oesophagus posteriorly after repair of OA; and such compression has been
considered a significant contributor to the pathophysiology of tracheomalacia
[61]. The tracheal collapse usually occurs in the region of or just above the original
site of TOF in the distal third of the trachea which is generally at the level of the
aortic arch; and severe tracheomalacia appears less common in infants with pure
OA. Tracheomalacia has broad clinical manifestations, ranging from a “brassy” or
“barking” cough in mild cases to recurrent pneumonia or acute, life-threatening
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apnoeic spells. Because of difficulty in breathing or cyanotic attacks during feeding,
infants with tracheomalacia are often reluctant to feed. Life-threatening apnoeic
and cyanotic spells occur during or within 5-10 min of a meal. They are character-
ized by cyanosis progressing to apnoea, bradycardia, and ultimately, cardiorespi-
ratory arrest if not detected and managed promptly. Diagnosis is established by
bronchoscopy with spontaneous ventilation. This reveals a slit-like lumen of the
trachea at the involved area. However, because the symptoms overlap those of a
stricture or gastro-oesophageal reflux, contrast oesophagogram is usually done

as an initial investigation. Close attention to the tracheal air column on the lateral
views during such a study will often reveal complete tracheal collapse during forced
expiration (i.e., crying) or when contrast fills a distended upper oesophagus just
above the anastomosis. Most mild to moderate symptoms of tracheomalacia tend to
improve with time. Hence, operative intervention is not required. Operative treat-
ment of choice for patients with severe symptoms, including acute life-threatening
events, is aortopexy [46, 61, 66]. This is usually performed through a left anterior
mediastinotomy (Chamberlain approach) or anterolateral thoracotomy [61]. The
ascending aorta and arch are sutured to the posterior surface of the sternum after
partial thymectomy [61]. The lifting of the aorta up in this fashion raises the ante-
rior wall of the trachea and opens the tracheal lumen. In cases in which the aortic
arch would not reach the posterior aspect of the sternum without undue tension,
the use of a flap of pericardium based at the root of the aorta to be sutured to the
sternum may be used [61]. Aortopexy and tracheopexy have also been done through
anterior mediastinal approach via a low transverse cervical incision.

2.13 Oesophageal replacement

Oesophageal replacement surgery is usually done for patients with OA when
primary repair fails or when primary repair is impossible. Various operative proce-
dures have been described; and the most commonly used ones are colon or ileocolon
interposition, reversed (antiperistalsis) gastric tube interposition, isoperistalsis
gastric tube interposition, jejunum interposition and gastric transposition (gastric
pull-up) [67] (Table 10).

Among the methods, colon replacement, or ileocolon, has been widely practiced
for many years as a method of oesophageal replacement. This involves placement
of the right or left colon substernally or behind the hilum of the lung on the right or
left side. To avoid stricture or ulceration at the cologastric anastomosis, vagotomy
and a gastric drainage procedure are typically performed. Complications after
colonic interposition include cervical anastomotic leak, stricture and intrathoracic
redundant colon with stasis, gastric reflux, respiratory problems and diarrhoea.

Reversed gastric tube as a substitute is preferred by some surgeons. A tubularised
portion of the greater curvature is brought up to the cervical oesophagus in the sub-
sternal or retrohilar position. This procedure has similar complications as described
for colonic interposition. A portion of the greater curvature of the stomach can be
fashioned into a “free” tube graft based on the right gastroepiploic artery; and this is
used as a modification of the reversed gastric tube for oesophageal replacement.

Table 10.
Commonly used oesophageal replacement techniques.
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Oesophageal replacement can also be achieved using the jejunum, both in a Roux-
en-Y fashion and as a free graft with microvascular anastomosis. Recently, a well-
established method for oesophageal replacement is the use of gastric transposition.

2.14 Outcome and conclusion

During the early years, the surgical management of OA was associated with
lots of challenges and high mortality [1-4]. Respiratory failure, inadequate resus-
citation, and complications of prematurity resulted in most deaths in the past.
Complications of the surgical repair of the oesophageal atresia itself, particularly
sepsis after dehiscence of the oesophageal anastomosis, and prolonged poor nutri-
tion are other major causes of mortality.

Over the past two to three decades, however, the surgical outcome has improved
significantly in most centres in the developed countries. This improvement is
attributed to advances in neonatal anaesthesia, well-established neonatal inten-
sive care units (NICU), availability of total parental nutrition (TPN) and refined
surgical skills [1, 5-8]. The current major cause of mortality in most developed
countries is from associated major congenital abnormalities. Death from prematu-
rity or oesophageal complications is now rare. In view of this, the previously used
Waterston classification has little relevance in developed countries. The prognosis
however remains poor in developing countries where late presentation is the norm.
Waterston classification may remain relevant in these countries.

Gastro-oesophageal reflux and poor oesophageal clearance due to some degree
of ongoing oesophageal dysmotility may limit long-term survival. Dysplastic
changes in the lower oesophageal mucosa may predispose to oesophageal carci-
noma. Ongoing gastro-oesophageal reflux is a significant risk fact for oesophageal
carcinoma. Hence, regular surveillance in these patients is important.
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Chapter 4
Meconium Ileus
Udefiaghon Omogiade

Abstract

Meconium ileus is a type of neonatal intestinal obstruction that occurs when
abnormally thick meconium impacts in the ileum causing blockage of intestinal
flow. Most infants with meconium ileus have cystic fibrosis, a congenital condition
characterized by abnormally thick intestinal secretions and pancreatic insuffi-
ciency. The pathogenesis of meconium ileus is due to hyperviscous mucus secreted
by abnormal intestinal glands, abnormal concentrating processes in the proximal
small intestine, and pancreatic enzyme insufficiency. The clinical presentation
of meconium ileus is that of abdominal distention, bilious vomiting, and failure
to pass meconium. Cases of meconium ileus are usually evaluated with plain
abdominal radiograph and contrast enema. Numerous air-filled loops of bowel on
the supine view with characteristic absence of air-fluid levels are commonly seen
on the radiograph, but the presence of calcification suggests intestinal perforation.
Contrast enema examination is useful in cases with microcolon. Uncomplicated
meconium ileus obstruction can be relieved by giving one or more dilute diatri-
zoate sodium enema (with Nacetylcysteine added) under fluoroscopy. Surgery
is indicated when there is progressive distention or signs of clinical deterioration
despite multiple enemas, as well as in complicated cases like meconium peritonitis,
ileal atresia or stenosis, ileal perforation, and volvulus with or without pseudocyst
formation.

Keywords: meconium ileus, cystic fibrosis, ileal obstruction, gastrografin enema,
nonoperative treatment, enterotomy, enterostomy, resection and anastomosis

1. Introduction

Meconium ileus is a type of neonatal intestinal obstruction that occurs when
abnormally thick and tenacious meconium becomes impacted, thus creating a
blockage in a part of the distal small intestine, usually the ileum [1, 2]. It accounts
for about 30-33% of cases of neonatal small intestinal obstruction [3]. Meconium
ileus is a rare condition affecting only 1in 25,000 babies [4]. It occurs in either a
simple or a complicated form and is said to be the earliest clinical manifestation of
cystic fibrosis occurring in approximately 16-20% of patients with cystic fibrosis
[4]. Cystic fibrosis is a disease condition characterized by abnormally thick intesti-
nal secretions and pancreatic insufficiency.

While majority of patients with meconium ileus have the disease cystic
fibrosis (80-90%), a few of them do not have it; approximately 20% of one series
of cases of meconium ileus did not have cystic fibrosis [5]. Preterm infants whose
mothers had medications to slow down labor are sometimes associated with
meconium ileus.
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Meconium is the first series of stools that a newborn pass. It is formed dur-
ing intrauterine life and consists of shed intestinal epithelial cells, bile, succus
entericus, mucus, lanugo, and amniotic fluid ingested in utero. It is a dark olive
green viscous and almost odorless substance that comprises the initial stools of the
newborn. Meconium contains lactic acid-producing bacteria (e.g., Lactobacillus)
and the so-called enteric bacteria family (e.g., Escherichia coli) [6]. It is usually
evacuated within the first 2448 hours after birth following which the usual yellow-
ish feces are passed by the neonate. However, there might be in utero evacuation of
meconium as a result of a vagal response due to perinatal stress to the fetus. Such
newborn immediately after delivery may develop signs of respiratory distress from
meconium aspiration syndrome.

Meconium ileus may be associated with complications such as meconium
peritonitis, ileal atresia or stenosis, ileal perforation, and volvulus with or without
pseudocyst formation [7-13]. The infants with cystic fibrosis are more likely to
present with complicated meconium ileus [14].

2. Detailed overview of meconium ileus

An overview of meconium ileus in terms of etiology, pathophysiology, clinical
features, investigations, and treatment will now be undertaken.

2.1Etiology

Up to 20% of babies with cystic fibrosis are born with meconium ileus, and
almost all babies with meconium ileus have cystic fibrosis [15, 16]. Cystic fibrosis
is caused by gene mutations in the cystic fibrosis transmembrane conductance
regulator (CFTR) encoding gene [17-19]. The loss of CFTR-mediated Cl- and/or
HCO3- transport by the intestinal epithelium and/or from pancreatic dysfunction is
postulated as the pathogenesis of meconium ileus [20-24]. Cystic fibrosis is char-
acterized by the triad of chronic obstruction and infection of the respiratory tract,
exocrine pancreatic insufficiency, and elevated sweat chloride levels.

The pathogenesis of meconium ileus is due to hyperviscous mucus secreted by
abnormal intestinal glands, abnormal concentrating processes in the proximal small
intestine, and pancreatic enzyme insufficiency.

The histology is characterized by the presence of distended goblet cells in the
intestinal mucosa.

2.2 Pathophysiology

The simple form of meconium ileus is characterized by thickened sticky
meconium obstructing the ileum with consequent proximal dilatation, bowel wall
thickening, and congestion. Immediately beyond the level of the obstructing inspis-
sated meconium in the terminal ileum, there may be a few separate gray-white
globular meconium pellets. Further distally, the colon is narrow and empty—the
microcolon.

The complicated form may result in volvulus, atresia, necrosis, perforation,
meconium peritonitis, and pseudocyst formation. These complications may
manifest as incidental findings on abdominal radiographs or with clinical features
suggestive of bowel obstruction caused by reactive fibro-adhesive bands due to the
meconium in the peritoneal cavity or as clinical features of peritonitis. If a neonate
at birth manifests features of peritonitis, it is likely due to meconium peritonitis
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secondary to meconium ileus bowel perforation. This may also result in intestinal
atresia, intraperitoneal calcifications, or ascites [25]. Meconium pseudocyst is
formed when the extruded meconium becomes walled off; it is a cystic mass with
rim calcification [26].

In utero, about 50% of meconium ileus cases may be complicated by intestinal
perforation, meconium peritonitis, volvulus, and ischemic necrosis of the bowel
that results in stenosis or atresia [4].

Meconium ileus patients are at risk for developing cholestasis, especially if they
are on total parenteral nutrition. As such, alkaline phosphatase (ALP), alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and bilirubin levels
should be monitored weekly in such infants.

2.3 Clinical features

At birth, the neonate may be apparently normal. However, with progression
of time and feeding, the infant develops abdominal distention, bilious vomiting,
and failure to pass meconium. Sometimes thickened distended bowel loops are
observed through the abdominal wall filled with rubbery meconium which when
palpated feel characteristically doughy [3]. Bowel sounds tend to be hypoactive,
and digital rectal examination may be followed by passage of pale mucosal plugs.
Meconium pellets might be palpated in the scrotum of some infants who had in
utero bowel perforation. In cases complicated by peritonitis or when postnatal
perforation has occurred, the infant presents with respiratory distress, marked
abdominal distention with abdominal erythema, significant abdominal tender-
ness, and ascites.

2.4 Investigations

Cases of meconium ileus are usually evaluated with abdominal radiograph in
which meconium might have a mottled appearance or be invisible [27].

Plain abdominal radiographs are routinely the first imaging done for cases
of meconium ileus. They show numerous air-filled loops of bowel on the supine
view with characteristic absence of air-fluid levels on the upright view due to the
tenacious meconium and the abnormal mucous-gland secretion [5]. Although the
absence of air-fluid levels strongly suggests meconium ileus, the presence of air-
fluid levels does not exclude it as it may occasionally be demonstrated in some cases.
In some cases of meconium ileus, the admixture of meconium and bowel gas gives
a soap-bubble appearance usually in the right lower quadrant (Neuhauser sign).
The presence of calcification, free air, or multiple air-fluid levels suggests intestinal
perforation [4].

A contrast enema examination is useful in confirming the diagnosis of meco-
nium ileus in which microcolon is seen; this differentiates it from meconium plug
syndrome in which a normal or dilated colon is seen [25]. The microcolon, which
represents the underused colon, could also be seen in other congenital conditions
causing complete intrauterine obstruction of the distal small bowel such as ileal
atresia; however for cases of meconium ileus, the presence of meconium pellets
distending the distal ileum is usually identified when the contrast refluxes into the
small bowel, and the diagnosis is confirmed (Figure1).

Water-soluble agents are typically used in contrast evaluation of meconium
ileus, and several of such contrast agents have been used. The hyperosmolar
meglumine (GastrografinRx) diluted at ratio 1:3 to water used to be the mainstay,
but some radiologists have stopped using it because of the occurrence of deaths
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Figure 1.
Contrast enema showing microcolon and meconium pellets in the terminal ileum [courtesy Radiopaedia].

from fulminant colitis and dehydration sometimes reported with its use [28]. Also,
the report of the Cystic Fibrosis Foundation Consensus Conference on gastroin-
testinal disorders concluded that there is no scientific evidence that hyperosmolar
Gastrografin enema is any better than an iso-osmolar or hypo-osmolar enema.
Nevertheless, many radiologists use it safely by ensuring appropriate dilution
ratios. Adequate monitoring of fluid and electrolyte balance before, during, and
after the contrast study is essential to avert potential fluid shifts with consequent
hypovolemia which is worsened when bowel perforation and contrast leak occur.
Nonionic contrast agents like Hypaque and Omnipaque are becoming popular with
many radiologists since they have less risk of dehydration or colitis. Because of the
tenacious and sticky nature of meconium, mucolytic agents like acetylcysteine are
sometimes mixed with the contrast enema solution to aid passage of the meconium.

Meconium peritonitis may be an incidental abdominal radiograph finding in
which the extruded meconium may be calcified or the radiograph may only sug-
gest fluid in the abdomen when no calcification is present. When the calcification
appears amorphous and curvilinear suggesting cystic loculation of the peritoneum,
the term cystic or pseudocystic meconium peritonitis is used [5].

Prenatal ultrasound scan done at 17-18 weeks gestational age may show signs
suggestive of meconium ileus; this include enlarged bowel loops or a mass with
proximal bowel distention (likely cystic meconium peritonitis) [11, 12]. Also,
calcified meconium may be seen if meconium peritonitis has already occurred. Also
there might be polyhydramnios.
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Postnatal ultrasound scan is seldom necessary for meconium peritonitis, as the
findings on plain radiographs are usually diagnostic. However, ultrasonography
may be useful when cystic masses are present. The cystic masses often appear
circumscribed and heterogeneous with sonolucent areas seen within the cyst sug-
gestive of fluid. They demonstrate increased echogenicity resulting from debris and
calcifications, and loops of fluid-filled bowel bound to the matrix of the associated
adhesions may be noted. The cyst wall may be thick or thin. Multiple speckled
echoes are seen with free-floating meconium in the abdomen, and these result in
the snowstorm configuration.

Zangheri et al. created the following classification system related to perinatal
outcome [29]:

* Grade 0: isolated intra-abdominal calcifications (IAC)

Grade I: IAC and one of the following: ascites, pseudocyst, or bowel dilatation

* Grade II: TAC and two of the following: ascites, pseudocyst, or bowel dilatation

Grade III: all of the above (IAC, ascites, pseudocyst, and bowel dilatation)

Patients diagnosed with meconium ileus should be tested for cystic fibrosis; the
sweat chloride test should be done [25].

2.5 Treatment
2.5.1 Initial medical management

Meconium ileus cases, both simple and complicated, are approached as intes-
tinal obstruction and as such would require urgent initial resuscitative measures.
These include intravenous fluid resuscitation, nasogastric decompression, urethral
catheterization for hourly urinary monitoring, multiparameter vital sign monitor-
ing, intravenous antibiotic therapy, laboratory evaluation of full blood count,
coagulation work-up, and serum electrolytes, urea, and creatinine with necessary
corrections instituted. Where necessary, mechanical respiratory support is pro-
vided. Once the infant has been optimized, the decision for nonoperative or opera-
tive management is taken based on the presentation.

2.5.2 Nonoperative treatment

Nonoperative management can be achieved by diatrizoate meglumine enemas
as first described by Noblett in 1969 [30]. Variations on his approach have been
established as effective first-line treatment for uncomplicated meconium ileus.
Uncomplicated meconium ileus obstruction can be relieved by giving one
or more dilute diatrizoate sodium or diatrizoate (gastrografin) enema (with
N-acetylcysteine added) under fluoroscopic guidance. The hyperosmolar nature
of this compound increases the influx of fluid into the bowel lumen to liquefy the
viscid meconium and thus facilitate its expulsion with consequent large gastrointes-
tinal water losses. While carrying out this procedure, therefore, adequate intrave-
nous fluid administration must be ensured to prevent hypovolemia.
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2.5.3 Treatment algorithm

| Uncomplicated meconium ileus |

b | Complicated mecomum ileus |
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Diatrizoate meglumine (GastrografinRx) is a hyperosmolar, water-soluble, radi-
opaque solution containing 0.1% polysorbate 80 (Tween 80) and 37% organically
bound iodine with osmolarity of 1900 mOsm/L. Success rate of 63—-83% have been
reported for gastrografin enemas for patients with uncomplicated meconium ileus [31].

Noblett’s criteria for nonoperative gastrografin enema therapy [30]:

¢ Other causes of neonatal distal intestinal obstruction must first be excluded.

* There should be no clinical or radiologic signs of complications like volvulus,
gangrene, perforation, peritonitis, and atresia of the small bowel.

* Ensure adequate fluid and electrolyte replacement and correction of hypother-
mia as preparatory measures before the enema.

* Provision for adequate resuscitation and hydration in anticipation of transient
osmotic fluid losses associated with the hyperosmolar enema.

* The enema must be carried out under fluoroscopic guidance.

 Intravenous antibiotics should be administered to the infant.

Assurance of close surgical supervision from the initial evaluation through the
hospital course.

To carry out the enema, a two-way Foley’s catheter is inserted into the rectum
through which a 25-50% solution of gastrografin is slowly infused at low hydrostatic
pressure under fluoroscopic control. The balloon of the catheter should not be inflated
to minimize the risk of rectal perforation. Upon instillation, fluid is drawn into the
intestinal lumen by osmosis, and this hydrates and softens the meconium mass. For
very inspissated meconium, 1% N-acetylcysteine may be added to the enema solution
for better deconcentration. The procedure is usually followed by rapid passage of loose
meconium (liquefied to some extent), and this continues for the next 24-48 hours.
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Although the perforation that occurs during enema administration can usually
be seen on fluoroscopy, it is important to obtain an immediate abdominal radio-
graph after completion of the gastrografin enema to rule out bowel perforation and
a late abdominal radiograph (8-12 hours later or as clinically indicated) to confirm
evacuation of the obstruction and to exclude late perforation [31].

Sometimes a second gastrografin enema or serial gastrografin enemas can
be performed at 6-24 hour intervals if evacuation is incomplete or if the first
attempt at gastrografin evacuation does not reflux contrast into dilated bowel.
Administration of a 10% N-acetylcysteine solution (5 mL q6h) through a
nasogastric tube to liquefy upper gastrointestinal secretions as suggested by
Noblett is also useful in such cases [30]. The potential complications associated
with the gastrografin enema procedure include perforation, hypovolemic shock,
and ischemia.

The risk of perforation during the procedure increases with repeated enemas.
Late perforations, usually occurring 12-48 hours after the enema, may be due to
direct injury to the bowel mucosa by the contrast medium, severe bowel distention
by fluid osmotically drawn into the intestine, or extensive bowel necrosis.

Nonoperative treatment can be done for infants with peritoneal (or scrotal)
calcifications on radiography who are presumed to have had meconium peritonitis
in utero but who show no signs of obstruction and are passing meconium without
difficulty [32].

In nonoperative management, if the enema was successful and the features of
bowel obstruction have resolved, usually within 48 hours, the infant is commenced
on feeds with pancreatic enzyme supplements added for infants with confirmed
cystic fibrosis.

2.5.4 Surgical treatment

In uncomplicated meconium ileus, surgical exploration is indicated when there
is progressive distention or signs of clinical deterioration or peritonitis despite mul-
tiple enemas. Whereas in complicated cases (e.g., meconium peritonitis, ileal atresia
or stenosis, ileal perforation, and volvulus with or without pseudocyst formation),
surgery is always indicated.

Indications for surgical management in meconium ileus [31]:

* Persistent or worsening abdominal distension

* Persistent bowel obstruction

* Enlarging abdominal mass

* Intestinal atresia

* Volvulus

* Perforation

* Meconium cyst formation with peritonitis

¢ Bowel necrosis

* Conditions associated with cystic fibrosis and meconium Ileus
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In the operative management of simple uncomplicated meconium ileus, the aim
is to evacuate meconium from the intestine without resecting any bowel segment;
however, this might be inevitable in certain instances. On the other hand, compli-
cated meconium ileus requires resection more often and may necessitate the use of
temporary stomas.

The fibrous wall of the pseudocyst is debrided without sacrificing viable intes-
tine. Extensive adhesiolysis is required for adhesive obstruction due to meconium
peritonitis; these adhesions are typically dense and very vascular. It is not necessary
to perform a radical debridement of all meconium calcified plaque encountered, as
long as the obstruction is relieved [32].

The surgical approach for treatment of uncomplicated meconium ileus should
be individualized for each infant, although many procedures have been proposed
over the years with variable success rates achieved. In all cases, uncomplicated or
complicated, the following procedures are commonly done:

* Enterotomy and decompression
* Enterostomy (with or without tube) with subsequent irrigation
* Resection and enterostomy
* Resection and anastomosis
2.5.5 Enterotomy and decompression

An enterotomy is made on the antimesenteric border of the dilated ileum for
instillation of irrigation solution (dilute acetylcysteine or saline solution) which
help to loosen the inspissated meconium and liquefy it for effective evacuation
through the enterotomy. The irrigation solution is introduced using a size 10
French catheter, and both the proximal and distal loops of bowel are irrigated.
After complete decompression of inspissated meconium, the enterotomy is closed
transversely. An appendectomy is performed with the specimen sent for histologic
examination to detect the presence of ganglion cells, as well as possible presence
of mucous plugging of the crypts and exuberant intraluminal mucinous material,
which are suggestive of cystic fibrosis. Postoperatively, a gentle anal dilatation
and rectal irrigation may sometimes be required for further evacuation of large
amount of meconium passed distally into the colon during intraoperative irrigation.
Enterotomy and decompression are usually indicated for simple uncomplicated
meconium ileus. A supraumbilical transverse incision or transverse right lower
abdominal incision can be used for the procedure.

2.5.6 Enterostomy with subsequent irvigation

In cases where the irrigation done after an enterotomy cannot effectively
evacuate the inspissated meconium despite a patient approach, an indwelling
ostomy tube (e.g., T-tube) can be inserted for postoperative bowel irrigation
decompression. The irrigations are started on the first postoperative day and
continued for 7-14 days. After successfully evacuating the inspissated meconium,
the tube is removed, and the enterocutaneous fistula thus formed is allowed to
close spontaneously. T-tube enterostomy was first described by Harberg et al.
in 1981 [33]. Enterostomy for postoperative irrigation can also be done without
using tube; in which case the ileal opening is sutured to skin and the bowel tacked
to the fascia in standard fashion.
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2.5.7 Resection with enterostomy or anastomosis

Bowel resection is indicated when meconium ileus is associated with a nonvi-
able bowel, bowel perforation, atresia, volvulus, and the like. Resection is usually
combined with enterostomy procedure, but primary anastomosis may be done if
the intraoperative findings and the patient’s general condition are favorable. The
disadvantages of the procedures involving resection and stoma(s) or anastomosis
are potential postoperative fluid losses through high-volume stomas, bowel short-
ening by resection, and the need for a second procedure to reestablish intestinal
continuity [25, 31]. Hence, they are rarely used today.

Various stoma operations have been described with the most widespread being
the Bishop-Koop-type anastomosis. This is a Roux-en-Y construct in which the distal
limb is brought out as an end stoma and the proximal bowel is anastomosed end-to-
side approximately 4 cm from the opening of the distal segment (Figure 2). Normal
gastrointestinal transit is permitted by this technique, and should distal obstruction
occur, it provides a means for management through the ileostomy [25, 31].

The reverse of the Bishop-Koop enterostomy is the proximal enterostomy, described
by Santulli and Blanc in 1961 [25, 31]. In this technique, the end of the distal limb is
anastomosed to the side of the proximal limb after resection, while the end of the
proximal limb is brought out as the enterostomy (Figure 2). This arrangement enhances
proximal irrigation and decompression, thus making intraoperative evacuation of the
dilated proximal bowel loop unnecessary. A catheter can be inserted into the distal limb
through the stoma for irrigation of the distal bowel. The proximal stoma created in this
technique predisposes to high-output losses with inherent risk of dehydration.

The Mikulicz enterostomy, first reported by Gross in 1953, consists of a double-
barrel stoma in which the two ends are sutured together side to side for some length

a Mikulicz Resection b Bishop-Koop Resection

e -

d
“Rﬁ Tube Enterostomy
TR T IT TN e

Figure 2.
Schematic description of some enterostomies as copied from Ref. [36].
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proximal to the end of the stoma (Figure 2) [25, 31]. It was designed for bedside
stoma closure in which the common wall was crushed and obliterated with a spe-
cially designed clamp and the bowel ends were closed over the top. It has the follow-
ing distinct advantages:

* The procedures reduce operating and anesthetic times because complete
evacuation of inspissated meconium is unnecessary.

* The procedures avoid intra-abdominal anastomosis, which eliminates the risk
of anastomotic leakage.

* The bowel can be opened after complete closure of the abdominal wound; this
reduces the risk of intraperitoneal contamination.

Swenson was the first to suggest resection with primary anastomosis in 1962
[25, 31]. Anastomotic leakage was initially a major issue with such operation;
however some authors have reported improved results with adequate resection of
the compromised bowel, complete evacuation of proximal and distal meconium,
and preserving an adequate blood supply to the anastomosis [34, 35].

2.6 Postoperative care

Immediately postoperatively, management involves ongoing resuscitation with
special attention given to replacement of the fluid losses caused by surgery and
preoperative hyperosmolar enemas (if attempted), as well as correction of ongoing
losses (i.e., losses from nasogastric suction and ileostomy) [31]. Also, the infant
is initially on bowel rest with general supportive care provided after any major
laparotomy. The oral gastric tube is maintained until bowel function returns,
and further acetylcysteine irrigations can be done via the tube as described for
nonoperative management. Combining this with rectal irrigations may further
aid passage of retained meconium in the distal loop as well. Most infants will need
central venous access for parenteral nutrition during this period. If cystic fibrosis
has not been confirmed preoperatively, the sweat chloride test should be done to
confirm or rule it out. Close attention has to be given to pulmonary care in infants
with cystic fibrosis. Multiple pediatric subspecialists including gastroenterologists,
geneticists, pulmonologists, and pediatric surgeons are required for a good out-
come of management in infants with meconium ileus, more so when they have cys-
tic fibrosis. Once they have established a normal stooling pattern (usually within
1-2 weeks postoperative), they are commenced on graded oral feedings with
pancreatic enzyme supplementation. Infants with uncomplicated meconium ileus
and cystic fibrosis may receive breast milk or routine infant formula, enzymes, and
vitamins, while complicated cases would benefit from predigested infant formulas
(e.g., Alimentum and Pregestimil), for enteral feeding [31]. For those with sto-
mas, administering of ostomy-drip feeds of glutamine-enriched formula at low
volumes enhances bowel growth and helps prevent bacterial translocation [31].
After 4-6 weeks, when symptoms would have resolved and the infant attained an
adequate weight gain, the stomas can be taken down. It is advisable to perform a
distal contrast study to rule out obstruction before embarking on this procedure of
reanastomosis.

2.7 Postoperative complications

Short-term complications are uncommon in infants with simple meconium ileus.
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Infants who have had significant (i.e., >33%) bowel resection may develop short
bowel syndrome, especially if the ileocecal valve has been resected.

Short bowel syndrome predisposes to acidic intestinal environment that inacti-
vates pancreatic enzymes and prevents dissolution of enteric-coated microcapsules.
As such, histamine 2 receptor blockers are useful adjunct to pancreatic enzyme
therapy in patients with significant bowel resections.

There are excessive fluid and sodium losses in those with stomas.

Mucus plugging and atelectasis can occur postoperatively, hence the need to
initiate vigorous prophylactic pulmonary care with chest physiotherapy.

High-dose pancreatic enzyme supplementation has been associated with the
development of colonic strictures and distal intestinal obstruction syndrome.

Long-term complications are mostly common to patients with cystic fibrosis.

Some infants, especially those who had meconium peritonitis may present years
later with bowel obstruction due to adhesions or segmental volvulus.

Some older patients have been known to develop bowel obstruction from inspis-
sated stools in the ileum and colon; this condition is known as “meconium ileus
equivalent” [32].

3. Conclusion

Meconium ileus is a cause of neonatal small intestinal obstruction which mainly
affects the ileum and common in infants with cystic fibrosis. Contrast (gastrogra-
fin) enema is usually diagnostic and may sometimes be therapeutic. Infants who
have unsuccessful management with enemas and those with complications related
to the obstruction, including volvulus, perforation, or atresia, require operative
intervention.

At laparotomy, a small enterotomy is done for those with simple meconium ileus
to irrigate the bowel lumen with acetylcysteine solution and thus promote effective
evacuation of the highly viscous meconium. Patients with complicated meconium
ileus may require bowel resection with anastomosis or tube enterostomy or creation
of a stoma. Various types of stomas have been described over the years for manage-
ment of the disease, but the Bishop-Koop enterostomy seems to be widespread.

Most patients respond well to therapy in the short-term but need to be fol-
lowed closely for long-term complications like bowel obstruction, which has many
potential causes in these patients. Advances in perinatal diagnosis and management
of meconium ileus and cystic fibrosis have vastly improved the outlook for affected
infants.
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Chapter 5

Pediatric Choledochal Cysts:
Unknowns are Decreasing

Hasan Ozkan Gezer

Abstract

Choledochal cysts (CCs) are congenital cystic dilatation of extrahepatic and/
or intrahepatic bile ducts. CCs are more common in Asian population, the cause
is still unknown. Although the etiology is controversial, the main elements in the
natural historical emergence of the type I and type IV, which make up the majority
of all types, have become clearer. The majority of CCs are diagnosed in childhood.
Clinical presentation varies from jaundice in young patients to nonspecific abdomi-
nal pain in older, but morbidity increases with complications such as cholangitis,
pancreatitis, perforation, hepatitis, liver failure, and malignancy in delayed diag-
nosed patients. MRCP is considered the current gold standard diagnostic modality
that is able to accurately assess biliary anatomy. Although the treatment approach
has been formed over the years, it still has not reached the last state. Eventually, the
removal of the entire cyst and the reconstruction of the remaining biliary tract to
drainage is the current treatment approach. But the dilemma is the way of recon-
struction procedure (hepaticoduodenostomy or hepaticojejunostomy). All patients
should be followed up for a long period of time, regardless of the surgery method.

Keywords: choledochal cyst, children, hepaticoduodenostomy, Roux-en-Y
hepaticojejunostomy, common bile duct

1. Introduction

Choledochal cysts (CCs) are congenital dilatations of extrahepatic and/or intra-
hepatic bile ducts defined by Vater and Ezler in 1723. It is a rare biliary entity with
an estimated incidence of 1:100-150,000 live births in Western countries. In the
Asian population, the incidence can be as high as 1:1000 live births. CC is primarily
a childhood disease—up to 80% of patients are diagnosed before 10 years of age.
The original classification, first described by Alanso-Lej and colleagues in 1959, was
changed in 1977 by Todani and colleagues that classified the CCs as five types. In
addition, isolated cystic dilatation of the cystic canal was identified subsequently
and proposed as type VI, apart from the revised Todani classification. Although the
etiology is controversial, the main elements in the natural historical emergence of
the type I and type IV, which make up the majority of all types, have become clearer.
A common symptom is nonspecific abdominal pain in older children. When the
cyst is complicated, the diagnosis is delayed, the treatment becomes complex, and
the results are affected. External drainage (ED), internal drainage (ID), total cyst
excision (CE) + hepaticoduodenostomy (HD), and total CE + hepaticojejunostomy
(HJ) were defined according to historical development of treatment. Resection is
considered that is necessary to prevent further complications and long-term sequel.
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2. History

The anatomist Abraham Vater first described the normal anatomy of the bile
ducts and the fusiform dilatation of the common bile duct (CBD) in 1723 [1]. Then,
Doctor Halliday Douglas first described clinically CBD dilatation in 1852. Douglas
had detected a large tenderness cystic mass on the right upper quadrant by physi-
cal examination of a 17-year-old girl who had an intermittent right-sided pain,
obstructive jaundice, and fever complaints in her history. Despite performing exter-
nal drainage promptly, she died within 1 month. Subsequently, Douglas detected a
CC with her autopsy [2]. In 1894, British surgeon William Swain performed the first
successful operation in a 17-year-old girl presented with CC, by anastomosing the
jejunum to a giant CC. This patient had been reported 2 months later with no jaun-
dice. In 1922, Golder McWhorter underwent hepaticoduodenostomy after excising
the CC in a 49-year-old patient who had complaints since infancy. In 1959, Alanso-Lej
and colleagues first published the series of CCs. In this publication, they reviewed
94 cases, published previously, together with their own 2 cases and classified the
congenital cystic dilatations of the bile ducts anatomically for the first time [3].

In 1977, Todani and colleagues modified the classification of CCs according to
cholangiographic images [4-8].

3. Incidence

CCs are more common in Asian populations with an incidence of 1 in 13,000,
even 1:1000 in Japan [9], versus 1in 100,000-150,000 in Western populations
[10]. The reason for this Asian preponderance is still unknown [11]. Although
predominately diagnosed in children, CCs are found with increasing frequency in
adults such that adults comprise the majority of patients in recent series
[12, 13], which in part may be due to the increased use of diagnostic imaging
[14]. In both adult and children [15], females are higher risk for the disease with
a nearly 4:1 female preponderance [10, 16]. Nearly, 80% of CCs are diagnosed in
early infancy [10, 17].

4. Pathology

Grossly, CCs appear as a diffuse dilatation of the bile ducts [18]. In the congeni-
tal dilatations of the bile ducts, the cyst wall thickness is between 2 and 7 mm in
diameter and usually involves an inflammatory reaction (80%) [18] that becomes
severe after 10 years of age. Cysts, especially infected, are usually being adher-
ent to the surrounding tissues. Bile ducts and columnar epithelium can be seen
in the microscopic examination of the cyst wall. Choledochocele that is covered
with duodenal mucosa appears different from other types of CCs according to
epithelial histology. Liver biopsy findings usually vary with the age in patients with
CC. Although, newborn liver is mostly normal, mild periportal fibrosis may be
seen in older children. Varying degrees of histological hepatic changes severity may
be seen in most patients with CC when it is diagnosed [19]. Higher degree of liver
damage associates with the presence of an anomalous pancreaticobiliary ductal
union (APBDU), more severe symptoms, type IVa CC, and younger age [19-21]. It
has been observed by investigating liver biopsies that most of these changes resolve
after surgical excision; however, preoperative portal fibrosis and central venous
distension may remain stable or increase in severity [19]. It is considered that carci-
noma of the cyst wall may develop due to recurrent chronic inflammation attacks.
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However, it can also be seen in non-APBDU-associated CC patients. Additionally,
the cancer can develop from anywhere such as the cyst wall, the gall bladder, or the
common channel junction nearly pancreas, as a consequence of chronic inflamma-
tion due to cholangitis [22, 23].

5. Etiology

Despite the existence of numerous theories and laboratory works to explain
the etiology of the disease, the exact etiology remains incompletely understood.
Initial theories, put forward in this regard, were congenital weakness of the chole-
dochal wall, distal obstruction, oligoganglionosis, and disturbances in the process
of recanalization. However, more accepted theories have been produced parallel
to the progress in radiological imaging methods [24, 25]. Today, there are two
main theories that are widely accepted; (1) reflux of trypsin and other pancreatic
enzymes to the bile ducts due to an APBDU; (2) obstruction of distal CBD [26-28].
The idea that the choledochal and pancreatic ducts’ abnormality about joint and
angle was first reviewed by Babbitt in 1969, and subsequently many number of
studies, supporting this view, were made [22, 23, 29-32]. A normal pancreaticobili-
ary junction usually has an acute angle between the CBD and the pancreatic duct
[33] and is located within the duodenal wall [34]. The common channel (distance
from between the junction of the CBD and the pancreatic duct to ampulla Vater)
length is 4 mm or less, normally. In patients with CCs, this distance (common
channel length) increases 5-20 mm [22, 23, 35, 36] that makes the common chan-
nel longer [37]. Okada defined it as “common channel syndrome” [36, 38]. It is
considered that an abnormal long common channel (especially >15 mm proximal
to ampullary sphincter) [39, 40] causes the pancreatic duct communicating with
the choledochal duct without the support of ampulla Vater’s circular muscular layer
(sphincter of Oddi) [41], which protects the biliary tree from reflux of pancreatic
enzymes and bile [34]. Another observation is that the junction angle of the two
ducts that should be acute normally, however, is close to 90° in these patients. It
also causes the pancreatic fluids to flow into the CBD due to the higher pressure
of pancreatic duct (Figure 1) [41]. Eventually, it is considered that APBDU has a
tendency to cause reflux of the pancreatic enzyme into biliary tree with consequent
biliary duct inflammation and increased duct pressure, leading to duct wall damage
and cystic changes [42, 43]. In animal models of murine APBDU, this mechanism
has also been demonstrated [44, 45]. APBDU is seen in up to 90% of patients with
CC [25, 46], compared with 2% in the general population [10] and this seems to
have important clinical implications. In a comparison of APBDU-associated CC
versus non-APBDU-associated CC, APBDU-associated CC patients were signifi-
cantly more likely to have evidence of pathologically confirmed inflammation
including hepatitis, cholangitis, and pancreatitis [47, 48]. However, APBDU is not
enough to explain the etiology of all CCs, such as diverticular cyst (type II), where
the bile ducts were normal except cyst and the cyst is considered to be a sequel of
an intrauterine CC rupture, such as meconium pseudocyst [28]. Additionally, type
V CCs are possibly due to dysfunctional remodeling of the ductal plate during
embryogenesis [40, 49].

In addition, it is considered that primary strictures of the CBD may also play
arole in the development of CCs. The types of the CCs are determined according
to the location, severity, and length of the stricture. Detection of these strictures
preoperatively is important because treating the CC without addressing the stricture
may lead to recurrent episodes of cholangitis. This mechanism has been under esti-
mated and is now believed to be more significant in the pathophysiology of CCs [50].
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Figure 1.
Anomalous pancreaticobiliary union.

The association of CC with congenital anomalies remains ambiguous. Previous
reports have demonstrated an association of pediatric CC and congenital anomalies.
Murphy et al. reported in 2012 that screening for cardiac anomalies may be pru-
dent in CC patients [51]. Other reports have postulated an association of CC with
duodenal atresia, colonic atresia, gastroschisis, annular pancreas, and pancreatic
cysts [10, 52-57].

6. Classification

CCs are first classified in 1959 by Alanso-Lej and colleagues [58]. The original
classification identified four types of biliary cysts (types I-IV). In 1977, Todani and
colleagues [8] modified this classification and added a fifth category of CC, type V
biliary cysts or Carol disease (Figure 2) [10]. Apart from types I-V included in the
revised Todani classification, isolated cystic dilatation of the cystic duct has been
described and suggested as type VI [59].

Type I CC, most commonly seen, 80-90% of all CC, is a dilatation of the
extrahepatic biliary tree. Importantly, the intrahepatic biliary tree is sometimes
dilated secondarily due to biliary stasis. Type I cyst can be further subdivided
into type Ia, Ib, and Ic cysts [10, 60]. Type Ia CCs are composed of the gallbladder
arising directly from the CC, dilated extrahepatic biliary tree, and a nondilated
intrahepatic tree. Type Ib CCs are focal segmental dilatation of the CBD and
contain no evidence of APBDU [50, 60]. Finally, type Ic CCs are represented by a
fusiform dilatation of the common hepatic duct and CBD in the presence of APBDU
[10, 50, 60], and often also a low-grade stricture at the distal CBD [50]. In type
CC, usually, gallbladder is involved in cyst structure, and cyst extends from hepatic
bifurcation to duodenum [61]. Most commonly, the ducts above (right, left, and
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Type I
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Figure 2.
Types of choledochal cysts, classified by Todani et al.

intrahepatic ducts) and below of the CC are not dilated [14], except type Ic. In type
Ic, cyst extends continuously to the common hepatic duct or intrahepatic ducts [62].
Type I CCs, along with type IV cysts, have the highest risk of malignancy [10]. This
is not surprising because both of them have extrahepatic involvement associated
with APBDU [63].

Type II CCs (2% of all CCs) consist of a diverticular dilatation of the extrahe-
patic bile duct system and is considered true diverticulum. During the diagnostic
cholangiography study, the diverticulum is filled with radiopaque substance and
can be confused with the gall bladder duplication seen rarely [10].

Type III CCs (choledochoceles), 4% of all CCs, are characterized by distal
(located at the pancreaticobiliary junction) CBD dilatation, confined to the wall of
the duodenum and often bulging into the duodenal lumen [25]. Type III choledochal
cysts are dissimilar to other types of CCs, with features such as appearing in both
sexes equally and low malignancy incidence [10, 64]. Cysts are mostly not associated
with APBDU. Because of all these characteristics, it has been suggested that type III
CCs should not be classified as a type of CCs revised by Todani [25, 64, 65]. In
addition, Ziegler et al. reported that choledochoceles occur more frequently in older
male patients presenting with acute pancreatitis [64].

Type IV CCs, the second most common (15-20% of all), are multiple cysts
which can involve both the intrahepatic and extrahepatic biliary trees. Type IV CC
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can be further subdivided into type IVa and IVb cysts depending on intrahepatic
involvement. Type IVa CC refers to multiple segmental communicating biliary
dilatations located in the intra- and extrahepatic biliary tracts, and relative stricture
at the junction that is used to distinguish the true type IVa CC from type I [11]. Type
IVa CCs are usually associated with APBDU [50]. Type IVb CC refers to multiple
extrahepatic biliary cysts without intrahepatic involvement [25]. Some recent stud-
ies have shown that intrahepatic ductal dilatations seen on preoperative imaging
are thought to have been caused by distal obstruction and not true intrahepatic
biliary duct disease [11]. Additionally, the question of “Is the distinguishing type

I from type IVa really necessary preoperatively?” has not answered yet. Because
distinguishing between types I and IVa CCs is controversial for some authors due to
complete excision of the extrahepatic bile ducts, and intensive long-term follow-up
still remains standard of care for both types [11].

Type V CC or Carol disease, added by Todani, is characterized by multifocal seg-
mental intrahepatic biliary ductal dilatation [14] without the evidence of extrahepatic
dilatation [66]. Caroli disease is uncommon, accounting for less than 10% of cases.
Patients often present in adolescence or early adulthood with recurrent cholangitis,
abdominal pain, or jaundice. However, they may present later with the sequel of
portal hypertension and cirrhosis [67]. Renal abnormalities, such as medullary sponge
kidney, autosomal dominant polycystic kidney disease, and medullary cystic disease
can be seen in Caroli disease [49]. Some authors call Caroli disease as Caroli syndrome
when congenital hepatic fibrosis is also seen, as in half of the patients [68, 69].

Type VI CC, isolated cystic dilatation of the cystic duct, is rare with only several
case reports describing it. Although it is not officially part of the revised Todani
classification, it has been proposed to be called type VI CC [70]. If the cyst emerges
from the cystic duct near a level close to the CBD, it can be confused with type II
CCs. In such cases, the relation of the cyst with the cystic duct should be thoroughly
evaluated to differentiate them [59].

7. Clinical presentation

Type IC cysts are the earliest cysts that can be detected by 15-gestational week
fetal ultrasonography [71, 72]. There are two clinical forms of disease: adult and
infant. In infant form, symptoms such as obstructive jaundice, clay colored stools,
and hepatomegaly make it difficult to distinguish from biliary atresia. Adult form of
CCs is also congenital, although they usually remain silent until the age of 2 years.
There are three main symptoms in the classical clinical triad: recurrent jaundice
69-75%, right upper quadrant pain 47-60%, and right upper quadrant mass
47-80%. But the classic triad only presents in 10% of cases (6-25%) [46, 73, 74].

Abdominal pain is the most common symptom (93.8%) [75], especially in older
patients and presents with colic pattern which has a variable interval time (between
attacks) up to several years. When investigating the cause of CBD dilatation and
differential diagnosis of unclear upper abdominal pain, jaundice, and pancreatitis
in children, CCs must be considered [76]. Unfortunately, 29-62% of pediatric
patients with CC have been reported that they have choledocholithiasis [77, 78],
that is, distinguishing this two situation (CC-associated choledocholithiasis and
-nonassociated choledocholithiasis) may be difficult. Choledocholithiasis can also
lead to CBD dilatation which can be misdiagnosed as a CC [79].

In 1-2% of cases, especially in infants, CCs may present with rupture and biliary
peritonitis prompting emergency biliary drainage [80, 81]. It is not a surprise in
diagnosing pancreatitis in patients with CC, because of association of the presence
of APBDU [10, 46, 82].
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The risk for development of biliary carcinoma in the general population starts
after the fourth decade and the incidence increase with age to 0.15% after the eighth
decade. However, the risk for the development of carcinoma in patients with a CC
starts in childhood and shows a significant increase with age. Interestingly, the age
of biliary carcinoma development in patients who have undergone internal drain-
age without cyst excision has been reported to be 15 years earlier on average than
patients who have never had surgery. This is thought to be associated with intestinal
bacterial contamination and pancreatic enzymes added to biliary stasis [83]. The
malignancy incidence in resected bile duct material has been reported as 7.5% for all
age groups, and 0.4 and 11.4% for those under and over the age of 18, respectively.
The incidence has been reported to gradually increase every decade to 38.2% over
the age of 60, possibly related to chronic inflammation [5]. The incidence of a
biliary malignancy development following CC excision is reported as 0.7-5.4%.

The malignancy can arise from anywhere such as the porta hepatis, pancreas, or
the intrahepatic bile ducts. The time to onset after primary surgical intervention is
reported to be 1-34 years. The total excision of the cyst significantly decreases the
probability of a malignancy although it does not eliminate it completely [84, 85].

8. Diagnostic evaluation

Ultimately, multimodality imaging techniques are often utilized including
computed tomography (CT), magnetic resonance imaging (MRI), and/or endo-
scopic retrograde cholangiopancreatography (ERCP) to confirm the extent of
ductal involvement or the presence of extrahepatic disease [25]. Frequently, further
imaging techniques are used to differentiate type I CC from type IVa, in the pres-
ence of intrahepatic biliary dilatation [11]. A cyst, presenting in the porta hepatitis,
separated from the gallbladder and continuing with enlarged biliary ducts can be
shown by ultrasound (US). Additionally, fusiform dilatation of choledoch, intrahe-
patic biliary dilatation (60-80%), biliary stones, and state of liver parenchyma can
be shown by US [86].

Other intraabdominal cysts, such as pancreatic pseudocysts, echinococcal cysts,
or biliary cystadenomas should also be differentiated from CCs, whether the cyst
has continuity with the biliary tree or not [40]. CT is not only useful for demon-
strating continuity of the cyst with the biliary tree, but also demonstrates relation
of the cyst with the surrounding structures and the presence of associated malig-
nancy [87]. In order to correctly plan surgery, CT cholangiography can be used to
identify the full anatomy of the biliary tree but unfortunately it has been reported
to be less sensitive for imaging the pancreatic duct which is responsible for the
reflux of contrast into the biliary ducts [87]. As it is well known today, the nephro-
hepatotoxicity of the contrast and the ionized radiation exposed are the restrictions
of CT utilization in pediatric population (Figure 3) [62].

MRCP is noninvasive and highly sensitive (70-100%) and specific (90-100%)
in the diagnosis of CCs [88, 89], so, is considered the current gold standard imaging
even for initial evaluation [62]. Additionally, there is no irradiation, and modern
scanners have alleviated the need for protracted breath-hold making it more
amenable to the pediatric population [10, 90]. Although both ultrasound and CT
are highly sensitive and specific in the diagnosis of CCs, MRCP can better identify
the CCs subtypes and coexisting abnormalities [89]. For example, MRI can easily
identify the pancreaticobiliary ductal anatomy, while ultrasound cannot accurately
demonstrate the APBDU [89, 91]. Additionally, MRCP is preferred modality in the
pediatric population due to invasive nature and inherent risks of endoscopic ultra-
sound and ERCP, despite their ability of detecting the abnormality of the common
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Figure 3.
Type III CC. (a) MRCP; (b) CT image.

channel [89]. MRCP has also been shown to be as effective as intraoperative cholan-
giography in planning surgery [18]. In addition, lower cost and morbidity compared
to other imaging/diagnostic modalities, and reliability for detecting abnormalities
associated with CCs such as cholangiocarcinoma and choledocholithiasis, are some
of the favorable features of MRCP [89, 92]. Unfortunately, as seen often in patients
with CCs, intraductal air, debris, stones, or protein plugs can interfere with the
signal and alter visualization (Figure 4) [93].

Although it is highly sensitive, invasiveness and associated risks including
cholangitis, bleeding, pancreatitis, and perforation makes percutaneous transhepatic
cholangiography (PTC) or ERCP utilization less frequently [94]. Moreover, PTC and
ERCP can be technically challenging and require general anesthesia in the pediatric
population. A lot of surgeons are finding the use of diagnostic ERCP and PTC in CCs
unnecessary due to advantages of both MRCP and perioperative cholangiography
(performed in nearly almost patients and give highly detailed information about

gallbladder

choledochal cyst

duodenum
el

Figure 4.
PTC reveals the detailed anatomy of the biliary tracts and associated CC.
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biliary anatomy) [10, 95, 96]. Contemporary, ERCP should only be performed

in cases where the appropriate diagnosis cannot be made by other less-invasive
examinations, or when therapeutic performance (complications such as cholangitis
or biliary stone obstruction [97, 98] and stabilization of the patients with preparing
them to the next definitive surgery) is required (Figure 4) [39, 99, 100].

Another method that is not preferred now for diagnostic purposes is hepatobili-
ary scintigraphy. Although it is possible to do it with all IDA variants, DISIDA is the
best. The radio isotopic substance is collected in the liver and is normally thrown into
the biliary tract, but accumulates in the cyst space in patients with CC [101, 102].

8.1 The differential diagnosis

There are many diseases including biliary atresia, infectious hepatitis, embryo-
nal hepatic rhabdomyosarcoma, biliary lithiasis, pancreatitis, biliary hamartoma
in the differential diagnosis of CCs, especially biliary atresia that is one of the two
causes of neonatal obstructive jaundice in neonatal period [10]. Differentiating
cystic biliary atresia (CBA), a subtype of biliary atresia and has an entirely different
treatment approach, from CCs is particularly difficult. Therefore, prompt accurate
diagnosis is critical [103]. While earlier presentation (<months of age), smaller
cysts with less dilatation of the intrahepatic biliary system, and an atretic gallblad-
der with irregular and hypoplastic biliary radicles that is seen on ultrasound and
cholangiography are characteristics of CBA patients [10, 20, 104, 105]; a dilated
gallbladder communicated with the cyst in addition with a dilated intrahepatic
biliary tree is mostly a determiner to infantile CC [104].

It is still important to differentiate biliary rhabdomyosarcoma, a rare soft tissue
tumor that affects only 1% of children, from CC [106, 107]. In the presence of a
mass or intraductal growth that causes obstructive jaundice, the possible diagnosis
should return in favor of rhabdomyosarcoma in children and prompt evaluation is
necessary [107].

“Children with CBD dilatation did not differ significantly in clinical characteris-
tics compared with children who had obstructive CBD dilatation” said Oh and col-
leagues [78] by evaluating the cholangiographic characteristics of 85 children with
CBD dilatation to differentiate obstructive and congenital CBD dilatation. Indeed,
it can be difficult to distinguish them. Therefore, in the pediatric population with
dilated biliary trees, ruling out a distal biliary obstruction that causes secondary
biliary dilatation is prudent and essential [18].

As noted above, type I CC may present with intrahepatic biliary dilatation
secondary to biliary stasis, thus resembling a type IVa CC. Some authors consider
that this distinction is critical given the therapeutic implications and the need to
include hepatic resection (in the case of type IVa CC) in addition to extrahepatic
biliary tree excision [18], whereas the others consider that the need preoperatively
distinguishing between type I and IVa CCs is controversial because for both,
complete excision of the extrahepatic bile duct and intensive long-term follow-up
remains standard of care [11].

9. Management

The treatment time of antenatal diagnosed of CCs has been still a matter of
debate. Some reports say that they can be operated within 2-6 weeks, even if they
are asymptomatic, due to a potential complication risk of cysts, whereas, the others
suggest that they can be followed-up for a time of period with US and regular
monitoring of liver functions [108, 109].
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Surgical treatment of CCs should be performed electively except complicated
ones such as cyst perforation. Children, who have acute problems related to liver
and pancreas, should be initially received appropriate medical treatment to remove
inflammation and associated obstruction at the pancreaticobiliary system before
surgery [110].

In the first half of this century, treatment methods such as cyst aspiration,
marsupialization, and external drainage (cholecystostomy, tube drainage) had been
used more extensively in the surgical treatment of CCs. And as expected, high mor-
tality and morbidity rates had been detected in patient’s follow-up period. Surgical
methods such as partial cyst excision and cystoduodenostomy were defined between
1920 and 1930 [111, 112]. Especially, cystoduodenostomy has been the preferred
method by many surgeons until the early 1970s [113, 114] when the long-term mor-
bidity was detected as higher (30-50%) [7]. Therefore, in those years, Roux-en-Y
cystojejunostomy had identified with the idea of preventing the reflux of the duode-
nal contents into the bile ducts [7, 30, 115]. Indeed, the cholangitis had been signifi-
cantly reduced with this method, but not completely eliminated [28]. After soon, it
had been demonstrated that anastomosis with a large stoma, as possible as (at least
4 cm) is more important for protecting reflux-related cholangitis attacks than which
intestinal segment it is performed (duodenum or jejunum) [116]. The recognition of
the cancer development from the left cystic wall and Babbitt's APBDU theory made
the idea of cyst excision popular soon after. It had been reported that carcinoma
develops after the internal drainage procedures at a frequency of 2.5-17.5% several
years later as a consequence of chronic inflammation of the cyst wall. Therefore, cyst
excision had gain popularity in a very short time [116].

Contemporarily, the definitive treatment for CCs are total excision that has
become preferred management strategy over the internal drainage procedures (cho-
ledochocystoduodenostomy or choledochocystojejunostomy), which have an only
historical value today despite they had been used as a treatment method in the past
although caused high morbidity (probably because of not relieving biliary stasis
sufficiently) [117, 118]. Furthermore, only complete resection can fully decrease
the risk of malignant degeneration: a critical point in the pediatric population
with a large number of expectant life years. The general aim is to remove the cyst
completely and restore biliary enteric drainage either into the duodenum by hepati-
coduodenostomy (HD) or jejunum by Roux-en-Y hepaticojejunostomy (RYH]),
although specific approaches for types vary minimally. Surgical intervention should
be elective and patients should be medically optimized prior to operative interven-
tion. If patient has a cholangitis or pancreatitis attack preoperatively, the infection
should be adequately treated with broad-spectrum intravenous antibiotics or biliary
decompression if needed [118].

Surgery for CC disease can be performed open or laparoscopically based on
patient characteristics and surgeon preference.

HD and RYH] are the two most commonly utilized techniques of reconstruc-
tion [119], although other replacement conduits such as jejunal interposition HD,
valved jejunal interposition HD, nonrefluxing biliary appendicoduodenostomy,
hepaticoenterostomy, and wide hilar hepaticojejunostomy have been reported
[120-125]. HD has been favored by some groups [126, 127] but most series suggests
significantly more bile reflux compared with RYH] [121], which is currently the
most commonly utilized reconstruction.

9.1 Open surgery

In all cases, cholangiography should be performed initially to obtain detailed
anatomical information about the intra- and extrahepatic bile ducts, irrespective of
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preoperative examinations. Dissection of extrahepatic bile ducts starts from the gall-
bladder. The terminal end of the cyst opening to the duodenum should be isolated,
clamped, cut, and transfixed, firstly. Some surgeons suggest that dissection should
be continued until the appearance of pancreatic ducts, while the others not suggest.
Additionally, some surgeons taking into account that dissection toward the lower
end of the cyst may cause inevitable unplanned pancreatic duct injury that pancre-
aticoduodenectomy requirement should be in your mind, although very rarely [75].
After the distal portion of the cyst is ligated and cut, the posterior wall is dissected
from the surface of the portal vein. In cases of marked inflammation, the cyst may be
excised by leaving the posterior wall on the portal vein. The dissection should go on
till the hepatic hilus. The best strategy to obtain a wide anastomosis stoma is to make
a hepatic dissection more proximally until the left hepatic duct is seen. Although all
parts of CCs need to be removed, sometimes residual proximal cyst walls can be left
to facilitate biliary anastomosis [75]. Dilated bile ducts should be irrigated with hepa-
rinized saline to clear the gallstones before anastomosis. After the cyst is excised,
one of the hepaticoenterostomy methods, such as hepaticojejunostomy, HD, jejunal
interposition HD, valved jejunal interposition HD, nonrefluxing biliary appendico-
duodenostomy, hepaticoenterostomy, and wide hilar hepaticojejunostomy [120-125]
is performed for biliary reconstruction. In RYH]J, 40-cm jejunal loop replaces to the
hepatic hilus. In RYH] surgery, to avoid the elongation of a blind pouch as the child
grows, an end-to-end anastomosis of the jejunum to the CBD is recommended if
technically possible [128]. If an end-to-side anastomosis is required (in some cases,
the bile duct is too small), it should be as close as possible to the closed end of the
jejunal limb. Additionally, although it is not possible to predetermine the length of
the Roux limb, it should be appropriate to the child’s overall bowel length consider-
ing future growth. In HD, anastomosis is performed between the duodenum second
part and the bile duct. The duodenum was mobilized to a limit. The duodenum is
anchored to the liver at porta to avoid tension on the anastomosis (Figure 5).

The intraabdominal drain, kept in Morison’s pouch, may be removed on the
seventh postoperative day [124].

Figure 5.
Intraoperative pictures and drawn cartoon showing of the procedure.
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9.2 Laparoscopic surgery

Laparoscopic treatment of choledochal cysts was first described in 1995 [129]
and demonstrated that it could be performed in children as young as 3 months [130]
and as small as 6 kg [131]. As with most surgical diseases, longer operating time and
shorter hospital stay [132] were comparable with open surgical approaches, and in
the absence of cholangitis or pancreatitis, it becomes more suitable treatment [132].
While four or five ports are typically used in the traditional laparoscopic approach
[130, 133], the use of single-port laparoscopy [134] and robotic surgical system
[135] has also been reported. In a prospective randomized study of 121 children
undergoing laparoscopic cyst excision with RYH], routine postoperative drainage
has been shown to be unnecessary [136].

9.3 The optimal technique for biliary reconstruction

The most commonly performed operations for biliary reconstruction after com-
plete surgical resection of CCs are RYH] or HD [124]. There is a debate regarding the
optimal technique for biliary reconstruction [124]. RYH] is considered as an ideal
technique for the repair of CC, but HD has gained wide acceptance and favored by
many surgeons open as well as laparoscopically because of its advantages over hepati-
cojejunostomy. HD is more physiologic, but theoretically, the closeness of hepaticoen-
terostomy to stomach makes HD to have greater chance of cholangitis and bile gastritis,
but in a meta-analyzed study [137], it has been shown that while the incidence of bile
gastritis after HD is even higher when examined endoscopically, interestingly, there
is no difference of cholangitis between HD and RYH]J. Additionally, HD is simpler to
perform and associated with fewer complications such as adhesive bowel obstruction,
anastomotic leakage, and peptic ulcer as compared to RYH] [138]. HD requires less
operative time, allows faster recovery of bowel function, and produces fewer complica-
tions requiring reoperation [139]. If there is an anastomotic stricture following HD, it
can be easily managed by endoscopy as against hepaticojejunostomy [124]. But, when
the diameter of the common hepatic duct more than 10 mm that lets duodenal contents
more likely to reflux easily into the intrahepatic bile ducts through the HD anastomo-
sis or when the intrahepatic biliary dilatation is present that lets refluxed duodenal
contents remain longer in the intrahepatic bile ducts, HD is not recommended because
of higher risk of cholangitis or anastomotic stricture formation [124]. Some studies
have demonstrated high incidence of secondary bile reflux proven by endoscopy after
HD [121]. Recently, a patient with hilary bile duct carcinoma, who was performed HD
for the biliary reconstruction at the age of 13 months, has been reported in the 19 years
follow-up after the primary cyst excision. Reflux of duodenal contents (including
activated pancreatic enzymes) into the intrahepatic bile ducts through the HD anasto-
mosis is thought to be hazardous to the bile duct mucosa in this patient [124]. Adhesive
bowel obstruction is seen with a higher incidence in RYH]J that comprises a Roux-en-Y
jejuna limb and two anastomoses, compared with HD. Cholangitis, peptic ulcer, fat
malabsorption, diarrhea, and malnutrition are the other complications [126]. A signifi-
cant incidence of long-term complications requiring reoperation such as anastomosis
stenosis has been observed with the follow-up studies of patients who underwent
hepaticojejunostomy after cyst excision [138, 140], and a wide hilar hepaticojejunos-
tomy extending into the left hepatic duct is advocated for the way to prevent it [125].

9.4 Treatment specifically for types

Treatment of type I CC includes excision of the extrahepatic biliary tract, cho-
lecystectomy, and reconstruction of the biliary system. If the duct is dilated at the
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distal margin, the mucosa may be left behind to prevent damage to the pancreatico-
biliary system and can be striped. Infrequently, because of recurrent episodes of the
cholangitis, the cyst wall may densely adherent to the portal vein, precluding safe
resection [141]. In such cases, resection of the anterior wall with careful fulguration
of the mucosa of the posterior wall can be performed [141]. Hepatic bifurcation is
carefully evaluated for stricture and inflammation before performing anastomosis
during proximal transection. If one of them is seen, more proximal transection
should be considered [18].

For type II CCs, mostly, diverticulectomy or simple cyst excision is enough for
the treatment. Primary or over a T-tube closure can be performed, and reconstruc-
tion is occasionally required if there is significant luminal narrowing [18].

One of the methods such as endoscopic sphincterotomy, sphincteroplasty,
sphincteroplasty with cyst excision, or pancreaticoduodenectomy may be used to
manage pediatric patients with type III CCs (choledochoceles) [10, 25]. Various
reports denote adequate symptom control with this approach [142, 143]; however,
long-term follow-up is lacking. Cysts not amenable to endoscopic intervention may
benefit from lateral duodenotomy with sphincteroplasty and unroofing or marsupi-
alization of the cavity [18].

Type IV CC is approached differently based on the presence or absence and
location of intrahepatic disease [15]. Type IVb cysts are treated in the same fashion
as type I. Management for I'Va disease differs due to the presence of intra- as well
as extrahepatic involvement, as well as the presence of functional liver disease. Of
foremost importance is the characterization of actual type IVa as opposed to type
I with upstream ductal dilatation due to stasis and functional obstruction [50]. If
the dilatation is anatomic and isolated (limited; i.e., left hemiliver), partial hepa-
tectomy with reconstruction to the remaining hepatic ducts may be warranted due
to the ongoing risk of malignant transformation in the intrahepatic biliary system
[85]. However, not all patients are appropriate candidates for partial hepatectomy
[144]. Those patients with obvious dilatations and stenosis of intrahepatic ducts,
intrahepatic duct stones, or parenchymal atrophy may benefit from hepatectomy
[144]. If hepatectomy is planned concomitantly with extrahepatic duct excision,
the distribution should allow removal of all disease (of the vast majority of the
severe disease) with adequate future liver remnant [15]. If the pattern is more
diffuse or imaging is inconclusive, treatment in a type I paradigm with close
postoperative surveillance to follow intrahepatic ducts has been utilized [145].
This approach is justified by studies demonstrating that patients who progress to
malignancy most commonly develop extrahepatic cholangiocarcinoma or gallblad-
der cancer (approximately 85% of malignancy), whereas intrahepatic cholangio-
carcinoma rarely occurs [144]. It is reported that the intrahepatic component has
actually resolved in 3-6 months with adequate drainage [146]. To differentiate
type IVa from type I, while in adults, preoperative percutaneous biliary drainage
to decompress the intrahepatic biliary ductal system has been advocated [147], in
children, this practice has not been reported probability due to the difficulty in
maintaining the external tube. Although long-term results are not known, intrahe-
patic cystojejunostomy, in addition to hepaticojejunostomy, has been described as
a way of preventing liver resection in type IVa cysts [148]. Complete extrahepatic
excision with hepaticoenterostomy and drainage of the remaining cyst externally
or internally should adequately ameliorate biliary stasis in the presence of bilobar
unresectable intrahepatic cyst [18].

Management of patients with Caroli’s disease can be particularly difficult given
the location of the cysts and frequent necessity for surgery (considerable potential
for cholangitis, liver complications, and biliary cirrhosis; moderate potential for
neoplasia (7%)) [15]. In Caroli disease, intrahepatic cysts can be seen as limited
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disease restricted to a single segment/lobe or diffuse disease involving the entire
intrahepatic biliary tree. If the patient has not developed cirrhosis and portal
hypertension, the unilobar cystic disease should be treated with anatomic hepatec-
tomy and biliary enteric bypass. However, bilobar disease should be treated with
symptom-directed nonoperative treatment methods as including litholytic agents
such as ursodiol, antibiotics, and percutaneous drainage if possible. Close follow-up
is required for malignant transformation. Although there is no identification for
prophylactically orthotopic liver transplantation in the treatment of the disease, it
should be kept in mind for the choice of the treatment in patients who have diffuse
symptomatic disease with cirrhosis or portal hypertension [149].

9.5 Follow-up

Patients should be monitored every 6 months during the postoperative 3 years
and then annually. On initial follow-up, while all patients should be evaluated with
complete blood count, liver function tests and abdominal US, on subsequent follow-
up, investigations are done only in symptomatic ones. Long-term follow-up can be
made by visits, telephonic conversations, and postal inquiry [124].

10. Outcomes and results

Resection of pediatric CC is generally well tolerated [18]. Despite recent advances
in surgical techniques and perioperative management, short- and long-term
complications are not rare in children, while they are more common in adults [6].
Complications such as recurrent cholangitis attacks, malignant transformation, intra-
cystic or intrahepatic gallstone formation, cirrhosis development, and pancreatitis
are common in patients who are not operated on. Complications such as anastomotic
leakage, gastrointestinal or intraabdominal bleeding, acute pancreatitis, pancreatic
leakage, wound infection, wound dehiscence, intraabdominal infection/abscess,
intussusception can be seen in early postoperative period defined as short-term
complications [150]. Most early complications can be treated conservatively [151].

However, most series are without early mortality and report rates of acute com-
plications including wound infections from 0 to 17%, without significant difference
between infants and children [46, 132].

Surgical inexperience and severe inflammation are often implicated in the
development of anastomotic bile leakage [151]. The diagnosis of bile leakage is
difficult and delayed in some cases due to nonspecific symptoms [151]. It may not
always be possible to differentiate with the imaging findings of US and CT because
not all of the intraabdominal fluid collection after surgery is associated with bile
leakage, and so, this late diagnosis may result in mortality due to septicemia and
septic shock [151]. However, it is reported that MRCP can be used to diagnose
and accurately localize the site of bile leakage noninvasively [7, 151]. Bile leaks in
the hepaticooenterostomy line can self-limited within a few weeks if they can be
drained externally. If the bowel movement is sufficient during this period, the child
can be fed by enterally. If the extracted bile is given back to the stomach with NG
catheter, electrolyte losses can also be prevented. The bilirubin level of the child
may remain high due to edema in the anastomosis line within the first 2 weeks, even
if the operation has been successfully performed. If this takes longer, biliary tree,
even anastomosis, can be evaluated with PTC [110]. Reoperation is considered only
after the failure of conservative treatment [151]. The leakage can be repaired by a
circumferential buried suture around the anastomotic site, peritoneal lavage, and
effective drainage [151].
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Gastrointestinal bleeding may be due to hepaticojejunostomy or stress ulcer.
Acute pancreatitis occurs in patients with CC, both preoperatively and due to
injury of the pancreatic tissue during distal dissection of the cyst or to edema in the

distal part of the pancreatic duct related postoperatively (4.2%) [151]. Therefore,

it has been recovered with a conservative treatment for a short time period. Some
reports say that CC excision without ligation of the distal stenotic stump decreases
the incidence of pancreatic duct injury [75]. A probe inserted into the pancreatic
duct through a duodenotomy may help to prevent pancreatic duct injury in difficult
cases [75]. Additionally, Urushihara et al. [152] consider that using bipolar electro
cautery to scrape pancreatic tissue away from the bile duct wall during the dissec-
tion of the intrapancreatic part of the bile duct causes minimal bleeding and enables
clear identification of the narrow part of the CBD [151]. Eventually, complete resec-
tion of the distal portion of the cyst, removal of debris and protein plugs in the long
common channel and pancreatic duct, and correction of anomalous arrangement of
the pancreaticobiliary duct junction are essential to minimize pancreatic complica-
tions after the operations [151]. The pancreatic fistula occurs because of not closing
the distal choledoch well after the cyst excision or injured pancreatic duct during
the dissection. An external drainage of 3-4 weeks allows the fistulas closing.

Late/long-term complications (5-15%) [151] include anastomotic stricture,
cholangitis, hepatolithiasis, ileus, cirrhosis, and malignancy. Benign anastomotic
stricture with recurrent cholangitis is less common than in adults but is still seen in
many as 10-25% of patients and can be associated with both intrahepatic and bile
duct stone formation [117].

After intraabdominal surgery, small bowel obstructions, mostly due to adhe-
sions, are common [154]. Patients should be closely monitored for any possible
clinical deterioration [154]. If there is no improvement after 48 h of follow-up,
there is a high risk of bowel resection due to bowel necrosis despite it has not been
clearly defined [156]. Furthermore, it has been defined that during biliary recon-
struction, the length and placement of the Roux loop is very important in adhesive
bowel obstruction developing postoperatively [156].

In terms of anastomotic stricture, improvement of surgical skills, preserva-
tion of blood supply, no or mild inflammation cyst wall, and construction of wide
(larger than 1 cm) and tension-free stoma are key factors to reduce anastomosis-
related complication [138]. There should be no delay in surgical or endoscopic
intervention once biliary obstruction develops postoperatively, but a great deal of
planning and a thoughtful workup are required [151]. Kim et al. [155] reported that
PTC with stone removal and balloon dilatation was useful in patients with anasto-
motic stricture. However, some investigators consider that recurrent anastomotic
strictures may occur due to fibrosis even after balloon dilatation with PTCS, and
repeated cholangitis may cause multiple intrahepatic biliary strictures, recurrent
hepatic stones, and development of biliary carcinoma [152, 153]. Hence, especially
in young patients, it is recommended that revision of the hepaticojejunostomy fol-
lowed by ductoplasty, to create a wide stoma for sufficient bile drainage [152, 153].

Rigorous long-term follow-up after pediatric CC resection is limited, but the risk
of biliary carcinoma (cholangiocarcinoma, squamous cell carcinoma, sarcoma, gall-
bladder cancer [12, 157], most often cholangiocarcinoma) clearly remains elevated
even after CC excision compared to the general population [18]. The malignancy
risk is considered to increase with age at surgery, and the cumulative biliary
malignancy risk 25 years after primary surgery has been reported to be as high
as 11% [75]. Malignant disease has been noted in up to 14% Of patients after CC
resection as a child [46]. In fact, cancer is the most frequent cause of late mortality
in pediatric CC series [18]. Even after complete excision, patients are at higher risk
for malignancy than general population [158]. Continued surveillance is, therefore,
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strongly recommended, though it is not known whether there are risk factors such
as retained portion of cyst or not [18]. In those with known malignancy, oncologic
principles should apply; patients who can undergo safe resection with negative mar-
gins are appropriate for operation [15]. Resection may include hepatectomy with
regional lymphadenectomy, extirpation of extrahepatic bile ducts with regional
lymphadenectomy (and cholecystectomy), or pancreaticoduodenectomy [15].
However, the 5-year survival rate for patients with CCs complicated by malignancy
is high, up to 55% in patients with cholangiocarcinoma [159].
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Chapter 6

Management of Gastroschisis
Alaa Obeida and Aly Shalaby

Abstract

Gastroschisis (GS) is one of the congenital abdominal wall defects, in which the
bowel has prolapsed without a covering through a defect adjacent to (and nearly always
to the right of) an otherwise normal umbilicus. Proper management of such cases gives
them the opportunity to survive and thrive. In this chapter, simplified flowcharts for
the initial management of GS, surgical intra-operative decisions and post-operative
active follow-up of such cases will be presented and discussed. The first flowchart will
discuss how to deal with a GS case from birth till the operative theatre, while the second
flowchart will take the lead to guide the surgeon with the available surgical options and
how to choose the suitable one for the case. Finally, the post-operative active follow-up
fluid management and possible complications are discussed.

Keywords: gastroschisis, AWDs, fluid management, LMIC, complications

1. Introduction

Gastroschisis (GS) or more aptly “laparoschisis” is a congenital abdominal wall
defect (AWD) leading to herniation of the gut more commonly to the right of the
umbilical cord (Figure 1). It differs from other AWDs in causality, risk factors, and
associated anomalies [1-3].

GS incidence is increasing worldwide [4, 5] and is estimated around 1 in 2200
live births [6, 7]. Antenatal scans detect most cases [8], survival in developed
countries is excellent [7] and apart from some gastrointestinal dysfunction, long-
term problems are rare [9].

This chapter is dedicated to discuss in simplified flowchart-form the initial,
operative and post-operative management of GS with emphasis on low-resource
settings. In addition it aims to outline salient topics such as fluid management and
complications.

2. Etiology and embryology

Though unexplained, a young maternal age and low socioeconomic status are the
commonest risk factors for GS [10, 11]. Smoking, drugs, environmental toxins and
poor nutrition have also been implicated [12]. A genetic link in the form of homo-
zygous gene polymorphisms has been reported [13] and is substantiated by an
increased prevalence among familial cases of birth defects and twins [14].

The embryological origin of GS is still a matter of conjecture. Several theories
have been put forward attempting to expound the abdominal wall defect: failed
body-wall folding [15]; a vascular insult to the omphalo-mesenteric artery [16] or to
the right umbilical vein [17]; a localized disruption of the amniotic membrane [18]
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Figure 1.
Gastroschisis with prolapsed bowel to the right of the umbilicus.

or teratogen-induced mesenchymal failure [19]. None of the theories are fully
satisfactory [20]. The right-sided occurrence of the defect has been linked to the
position of the yolk sac [15, 21] without clear reasoning as to why. Left-sided defects
have also been described [22].

3. Antenatal diagnosis

In high-income countries (HICs) routine antenatal scans may detect more than
97% of cases [23]. A diagnosis can be made as early as 10 weeks of gestation [24]
and aids counseling, transfer and delivery [25, 26]. Ultrasound will typically pick
up herniated bowel not covered by amnion, to the right of the umbilical cord
(Figure 2). In contrast, an exomphalos will be covered by a membrane, lies in the

Cairo University fetal medicine unit 2018

Figure 2.
Antenatal scan showing GS.
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midline and may involve solid organ prolapse. Ultrasound is instrumental in picking
up closing GS which is defined as a worsening ratio of intra vs. extra peritoneal
bowel dilatation [27]. Further aids to diagnosis of GS are high levels of maternal
serum alpha-fetoprotein (MSAFP) [28], intrauterine growth retardation with or
without oligo-/an-hydramnios [7, 29, 30]. As GS is usually an isolated anomaly with
very few risks to the mother or child, termination of pregnancy is not habitually
offered [2, 31, 32].

4. Timing and mode of delivery

A spontaneous onset of labor will typically occur around 36 weeks gestation and
the route of delivery is dependent on obstetric indications [33, 34]. There is a lack of
high-level evidence to support early induction of labor in uncomplicated GS cases
[35, 36] and a similar lack of evidence to support cesarean section [37]. Early
(emergency) delivery is beneficial in closing GS [26].

5. GS in low to middle income countries (LMICs)

LMICs have an overall high mortality rate in neonates with correctable congen-
ital anomalies [38, 39] and suffer from a lack of medical facilities and personnel
[40]. Non-governmental and governmental organizations have been criticized for
not doing enough [41, 42] though new partnerships are attempting to redress this
[43, 44].

Mortality from GS in low-to-middle-income countries (LMICs) can reach up to
80-100% [45-48] which is in sharp contrast to the <10% in HICs [49]. Sepsis is a major
culprit in most cases of neonatal mortality in LMICs [48]. The Gastroschisis Interna-
tional (GiT) network has suggested that poor resuscitation combined with sepsis and
abdominal compartment syndrome is directly linked to the poor outcome [50].

Antenatal care may not be well developed [51] or mothers may engage poorly
with it [52] which risks births in areas far from the reach of the pediatric surgeon. A
delay in transfer of the neonate with GS remains a main concern [47, 53] however a
recent study from South Africa has suggested that resuscitation at the initial point of
care and throughout transfer may be the key to improving the end result [51].

6. Initial management (pre-operative management)

A GS infant is ideally delivered at or near a facility with pediatric surgical
support [25]. Conversely, outborn cases have been shown to have worse outcomes
such as longer days on parenteral nutrition and longer duration to achieving full
feeds [54].

The accepted approach to managing GS is to cover the gut with a sterile bag
(Figure 3), nasogastric decompression and fluid resuscitation. Hypothermia is a major
risk due to the exposed gut and significant fluid losses [55]. Premature babies are
particularly prone to hypothermia because of their high ratio of skin surface to weight
and a lower amount of subcutaneous and brown fat. They may also have respiratory
issues which impact on their oxygen consumption and heat production [55].

The authors follow the protocol outlined in Figure 4. At the outset doctors and
nurses are reminded that the triad of hypovolemia, hypothermia and sepsis are the
major threats to this neonate and that resuscitation is directed to mitigating their
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Figure 3.
Cling film covering the bowel in gastroschisis.

Beware of
Hypovalemia - Hypothermia - Sepsis

Figure 4. )

Initial management of gastroschisis. Kinking can be avoided by laying the child on their side or by propping up
the bowel with gauze rolls while the child is supine. ABC of basic vesuscitation. Do not forget blood sugar.
CBC, complete blood count; UEs, urea and electrolytes; LFTs, liver function tests.
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effects. Almost simultaneously, certainly not sequentially, the baby is positioned
lengthwise on a resuscitaire or warmer to facilitate access. Any wires, leads or lines
are shifted away from the baby and the bowel. Kinking of the bowel is avoided by
laying the child on their side or by propping up the bowel with gauze rolls in the
supine position. Probes for temperature and oxygen saturation are connected. ECG
leads are placed and connected to a monitor. A urinary catheter is placed with an
aseptic technique. Resuscitation follows APLS guidelines of airway, breathing,
circulation, rapid initial examination while the bowel is covered with cling film. An
appropriately-sized nasogastric tube is placed on free drainage supplemented by
2-hourly active aspiration. Peripheral vascular access is secured and bloods are
taken for blood sugar (if not done earlier), a complete blood picture, kidney and
liver functions, clotting and cross-match. A fluid bolus is then administered
followed by maintenance according to body weight. Broad-spectrum antibiotics are
given according to the hospital protocol.

7. Intra-operative decision making

The aspired aim is to achieve full reduction of the bowel with muscle and skin
closure of the abdominal wall, as cosmetically as possible. Safety of the child and the
gut are paramount therefore if a complete primary closure is not possible staged
reduction should be considered.

All manipulations should be done in a sterile environment. The authors routinely
take all cases to theatre, however bedside procedures are also possible. Central
vascular access is secured and a urinary catheter would have been placed during
initial resuscitation in all cases.

The authors follow the guideline outlined in Figure 5: cases of simple GS with
no obvious viscero-peritoneal disproportion (VPD) will undergo primary closure.
If very straightforward, sutureless closure with steri-strip dressings is done.

On occasion some cases will require division of bands or strands of omentum
adherent to the defect and they go on to have formal sutured closure of the defect.
Primary (sutured) closure has excellent cosmetic results (Figures 6 and 7).
Sutureless closure is associated with a higher incidence of umbilical hernia [56, 57]
Guided by ventilation pressures, cases with moderate VPD will undergo a skin
closure with the size of the defect determining if the umbilicus, the skin or a
prosthetic patch is needed. Marked VPD and high ventilation pressures call for
staged silo closure. The authors fashion surgical silos from sterile intravenous fluid
bags (Figure 8a—c). Surgical silos can be made from a variety of materials which are
summarized in Box 1. Spring-loaded (pre-formed) silos are ready-made and obviate
the need for suturing to the abdominal wall [20, 55]. They come in various sizes to
allow for the variability in the GS defect (Figure 9). One may rely on gravity alone,
active tucking or a combination of both to reduce the contents into the abdominal
cavity. There is weak evidence in favor of the routine use of pre-formed silos
instead of primary closure [20, 55, 58].

Complex GS is defined as any case with associated bowel atresia, stenosis,
perforation or volvulus. In the presence of atresia, the authors’ preference is to plan
a delayed repair but a primary resection and anastomosis at the time of abdominal
closure is also acceptable if the bowel is healthy and not too edematous. Stoma
formation is fraught with high-output stoma complications such as failure to thrive
and peri-stoma skin breakdown—therefore is not the surgery of choice in low-
resource settings. Closing GS represents a spectrum of disease where the defect has
started to narrow down around the prolapsed gut. At its simplest form it can lead to
intestinal stenosis but may progress to atresia, gut ischemia up to complete
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Figure 6.
Cosmetic result after primary closure.

Figure 7.
Primary Closure.

disappearance of the prolapsed bowel if the defect closes completely, aka closed GS
or “vanishing gut syndrome” [61]. Closing GS is challenging even in HICs and is
associated with worse outcomes compared to simple GS. Narrowing or atresia may
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(a)

Figure 8.
(a—c) Staged silo reduction.

* Prolene mesh

* Silicone sheet

* Goretex mesh

* Sterile adhesive drapes +/— prolene mesh
¢ Biomaterials (Alloderm, Permacol)

* IV fluid bag

¢ Female condom

 Alexis wound protector

Box 1.
Available silo materials [55, 59, 60].

Figure 9.
Pre-formed silos http://bentecmed.com/bentec-medical-products/ventral-wall-defect-silo-bags/.

lend themselves to resection and primary anastomosis (either at the time of reduc-
tion, or delayed). Necrotic gut will require resection (Figures 10 and 11) and
vanished gut will indicate an ultra-short intra-abdominal segment. These cases will
require either primary or delayed bowel lengthening procedures [62].
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Figure 10.
Closing gastroschisis with necrotic bowel.

Figure 11.
Closing gastroschisis with necrotic bowel.

8. Post-operative care

The staged reduction process should take between 1 day and 2 weeks and is
dependent on the degree of VPD. Enteral feeds are started once the gastro-intestinal
system shows signs of resumed function: decreased nasogastric aspirates <20 ml/kg
and bowel motions. Ideally expressed maternal breast milk is used [63-65], but
formula feeds are acceptable. Elemental feeds may help protect against necrotizing
enterocolitis. GS infants fed at around 7 days post closure seem to have the best
outcome [66]. If the bowels do not open within 10-14 days a water-soluble contrast
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enema should be done to rule out a bowel atresia. An atresia detected at the time of
initial closure of by subsequent imaging may be safely repaired after 3-6 weeks.
Albeit uncommon in GS, cases with any associated malformations will require
further investigations and management according to the findings.

9. Fluid management in GS

Publications frequently refer to a “consensus” among doctors on the optimal
fluids required for GS. However, there is sparse evidence-based literature to guide
the perioperative fluid management [65, 66]. Reports of fluid administration have
varied from twice to three-times the normal maintenance volumes for neonates
[67, 68] and were based on original research by Phillippart et al. in 1972 [69].

Fluid overload in the absence of hypovolemia has been proven to be deleterious
in neonates [70]. It affects a patent ductus arteriosus, may cause intracranial hem-
orrhage, bronchopulmonary dysplasia or may even be fatal [71, 72]. Therefore the
mere assumption that GS cases need vigorous volume expansion may be harmful.
Preterm neonates may also benefit from fluid restriction according to a recent
Cochrane review [73]. It has been suggested that the fluid overload will contribute
to intestinal edema leading to a longer hospital stay and longer duration of paren-
teral nutrition through the increase of total body water and salt [65]. It may also
play a part in development of NEC [74].

This practice of over transfusion is routinely carried out postoperatively as well
[75]. While it may be of value in cases with a silo where there are ongoing losses of
fluid from the base, it has no real justification in cases which undergo primary
closure.

Few published sources will give an outright volume to go by. They will always be
ranges and the clinician must be guided by continuous assessment of the child.
Postnatal diuresis can complicate fluid-balance calculations but a useful milestone
to assess the cardiovascular status is after administering 40 ml/kg of fluid. Albumin
has been advocated as a volume expander in hypovolemic GS cases. It is not partic-
ularly useful in hypoalbuminemia associated with sepsis [76, 77]. An additional tool
to help restore insensible water loss incurred through breathing is the humidifica-
tion of incubator air.

10. Complications
10.1 Abdominal compartment syndrome (ACS)

A large degree of viscero-peritoneal disproportion and over-zealous reduction
runs the risk of increased intra-abdominal pressure. The latter will result in
restricting diaphragmatic movement and compression of the inferior vena cava,
which will in turn result in respiratory distress, renal, liver and bowel ischemia,
respectively. They manifest as metabolic acidosis, oliguria, renal and liver dysfunc-
tion [55].

Frequent monitoring of oxygen saturation/ventilation setting, serial blood gases,
urine output, serial abdominal examinations, lower limb perfusion are important
in early detection of ACS. Oliguria alone is not a sensitive indicator of ACS as it may
be due to hypovolemia. Pressure measurements can be taken using sophisticated
transducers used with anesthesia machines or by simply connecting the tubing to a
CVP water manometer. Reference values are quoted in Box 2 [78-81].
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* Gastric/urinary bladder pressure < 200 cm H,0 or < 15-
20 mmHg

¢ End-tidal CO, < 50 mmHg
¢ CVP < 4 mmHg or < 5.4 cm H,0O

¢ Ventilation <24 cm H,0

Box 2.
Reference values for safe abdominal closure [78-81].

10.2 Sepsis

Sepsis is a common complication in LMICs. Most common sources are
intra-abdominal, silo/wound infections, indwelling central lines or urinary
catheters [50, 51].

As always, prevention is better than cure. Meticulous antisepsis protocols and
timely use of antibiotics are important first tools. Early suspicion of central line-
associated blood stream infection (CLABSI) or urinary tract infection (UTI) should
prompt urgent cultures to be sent to the lab. The authors remove the urinary
catheter once there is a stable urine output and no further risk of abdominal
compartment syndrome.

10.3 Silo complications

Both pre-formed and surgical silos are prone to dislodgement and may cause
bowel kinking, ischemia and perforation [58]. It is prudent to keep the silo and its
contents visible at all times to allow early detection of any of these complications.

10.4 Pneumothorax

Iatrogenic pneumothorax secondary to barotrauma is an unfortunate complica-
tion in ventilated neonates and occurs in around 8.7% of the cases [82]. In GS this
may be due to high intra-abdominal pressure after bowel reduction. This is best
anticipated in theatre and if pressures exceed 24 cm H,0, a staged reduction should

Figure 12.
Large abdominal wall defect with granulation in long-standing silo.
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Figure 13.
Entero-cutaneous fistula.

be the surgery of choice. If post-operative ventilation is unavoidable then positive
end-expiratory pressure (PEEP) or high-frequency oscillation ventilation (HFOV)
is used. Neuromuscular paralysis may also help reduce ventilation pressures but is
not always available in low-resource settings.

A pneumothorax is suspected when oxygen saturation drops and ventilation
pressures rise sharply with absent ipsilateral air entry. An urgent plain chest x-ray
will confirm this and should be followed by immediate needle decompression then a
formal chest drain with an underwater seal. Bilateral asynchronous pneumothoraces
are not uncommon [82].
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10.5 Others

* NEC: It follows the same patterns and risk factors as with non-GS infants.
Prematurity, formula feeds, rapid increase in feed volume—have all been
implicated. Treatment is standard: nasogastric tube decompression, gut rest
and antibiotics will often suffice [83, 84].

* Large abdominal defect: The GS defect is seldom large to start with and is
occasionally enlarged by the surgeon to facilitate bowel reduction. Hence a
large defect is a rare complication which may occur in long-standing cases of
staged-reduction (Figure 12). Standard closure techniques include the use of a
prosthetic material or plastic surgery techniques such as abdominal wall
rotational flaps with or without lateral release incisions [85].

* Enterocutaneous fistula: (Figure 13) rare complication which may occur
secondary to wound infection, NEC, or a combination of both. Vacuum
dressings have been of value in treating such a complication [55, 86]. It is the
authors’ experience that vacuum dressings may paradoxically cause an
enterocutaneous fistula if incorrectly placed or if the suction is too vigorous.
Surgical closure when the infant is in a positive nitrogen balance is beneficial.
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Abstract

Most centers advocate laparoscopy in order to minimize the size and the number
of skin incisions. Many comparative studies, systematic review, and pooled analysis
demonstrate that single-incision laparoscopic surgery (SILS) is comparable to con-
ventional laparoscopic surgery (CLS). However, this review identifies the need for
randomized controlled trials to clarify the efficacy of SIPS compared with CLS. SIPES
pediatric has gained significant popularity. Longer M OT with SIPES was the main
concern in most published series. One study has shown that SIPES in children is
safe and feasible when performed by resident doctors in comparison to the fellow.

We started SIPES in 2003. It is carried out routinely by trainees and specialists.
Interferences and collisions between surgical instruments are worse in SIPES than
CLS. These challenges extended the OT. Although the use of flexible laparoscopic
instruments instead of straight instruments may overcome these technical difficulties,
only straight laparoscopic instruments are currently used in our institution. Our aim
is to standardize this approach in pediatric age group. The technique can be imparted
satisfactorily to trainees. However, its successful incorporation into surgical training
programs will depend on the development of innovative simulation strategies.

Keywords: SILS, SIPES, single incision, laparoscopy

1. Introduction

There are many nomenclatures and abbreviations found in literatures: SILS,
single-incision laparoscopic surgery; LESS, laparo-endoscopic single-site sur-
gery; TUES, trans-umbilical endoscopic single-site surgery; SPA, single portal
access; E-NOTES, embryologic natural orifice transluminal endoscopic surgery;
SAS, single access surgery; S3, single-site surgery; NOTUS, natural orifice trans-
umbilical surgery; SAVES, single access video endoscopic surgery; and SIPES,
single-incision pediatric endoscopic surgery. Cultural changes affected the way
of managing patients. It has been over 30 years since the first laparoscopic cho-
lecystectomy. Von Ott inspected the abdominal cavity of pregnant women in
1901. Georg Kelling performed “koelioscopie.” Jacobeus published his first report
“Laparothorakoskopie.” Lukichev in 1983 and Muhe in 1985 performed laparoscopic
cholecystectomy in humans [1]. Kalloo performed trans-gastric peritoneoscopy in
2004 [2]. Multiple centers performed NOTES in humans, trans-gastric appendec-
tomy and transvaginal cholecystectomy. Limitations of NOTES technique lead to
make SILS to go in parallel with it [3]. The first published report in general surgery
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appeared in 1992 with appendectomies [4]. In the same year, D’Alessio described a
technique for appendectomy in pediatric patients in which a special port was used at
the umbilicus to allow the surgeon to bring the appendix out through the umbilicus
to perform an extracorporeal appendectomy [5]. 19% of 166 patients in their series
required additional trocars, and 4% required conversion to an open operation. The
MOT (MOT) was 35 min with a 7-day return to normal activity, compared with

10 days for those that required additional trocars. SIPES has been introduced in our
institute by 2003. Now SIPES is our standard technique for many procedures like
cholecystectomy, splenectomy, appendectomy, assisted Mitrofanoff, SIPES hernia
repair percutaneous internal ring suturing (PIRS), ovarian cystectomy, and fundo-
plication since 2011. We have performed around 400 SIPES cases up-to-date.

2. Limitations of SIPES

SIPES is not a new technique. It is actually a modification of current laparo-
scopic technique with some modified instruments and approach used successfully
for multiple laparoscopic procedures. Almost all cases which could be done by
conventional laparoscopy are amenable to be done by SIPES like splenectomy,
appendectomy, cholecystectomy, colectomy, anterior resection, hernia repair,
splenectomy, Nissen fundoplication, and sleeve gastrectomy. The approach failed
to gain momentum for several years, due to technical limitations with conven-
tional instrumentation. These limitations did not prevent surgeons from using
SIPES in pediatric age group. Barbaros and Dinccag [6] published the first two
adult cases of SILS splenectomy in 2009. Later Dutta reported the first SIPES
splenectomy in 2012 [7]. Recently still few centers worldwide have advanced
pediatric SIPES [7-13].

3. Advantage of SIPES

Fewer incisions, cosmesis, and non-violation of natural orifices are the most
attractive reasons for the patient to choose SILS technique; as a surgeon, ease of
tissue retrieval and combination procedures are the main reasons. Using standard
laparoscopic equipment has facilitate the procedure for the surgeon with less cost.

4. Disadvantage of SIPES

In comparison with CLS, increased postoperative pain and violation of ergo-
nomic principles in SIPES were not proven in the published studies. Hernia might
be a problem in adults published series, but we did not encounter any in our
patients. In reverse SIPES, it is an opportunity to repair the umbilical hernia when
closing the wound in pediatric age group. Wound infection was not different from
conventional laparoscopy. Learning curve escalates fast, and the cost-effectiveness
was proven to be less costly than conventional laparoscopy [3].

5. Public opinion
Which technique the public choose if NOTES and SIPES were the only options

offered to them? [14]
Most people choose SILS over NOTES when asked about this scenario.
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¢ 208 (20.7%) choose NOTES
* 795 (79.0%) choose SILS
* 3 (0.3%) would refuse surgery

1006 individuals completed the questionnaire explained by F1 medical intern,
so as not to bias anyone. All individuals were from around London. 458 (45.5%)
were males and 548 (54.5%) were females. 129 were < 20 yrs. old, 460 were
20-29 yrs. old, 186 were 30-39 yrs. old, 103 were 40-49 yrs. old, 61 were 50-59 yrs.
old, and 67 were > 60 yrs. old. 80 were physician, 88 medical students, 39 were
nurses, and 6 were NHS admin [15]. 793 were nonmedical. Taking the choices by
gender, profession, and age, the preference order for the four approaches was:

e 1st—SILS

* 2nd—conventional lap

3rd—NOTES

* 4th—open

Summary

¢ SIPES is safe and feasible technique for pediatric age group.

* The disadvantages are balanced with the patient satisfaction and excellent cosmetic results.

6. Port position

The position of SIPES port may be different depending on many factors like
choice of surgeon, type of surgery, and the age of the patient. The different loca-
tions commonly used are:

1. Omega-shaped incision made around the upper half of umbilicus.

2. Trans-umbilical incision.

3. Incisions are also given above and below umbilicus.

4.Incision maybe placed in the pubic hairline medially.

The author prefers trans-umbilical incision as its ideal to prevent any visible
scar, easy access, and quick closure with no port site hernia. In pediatric it gives
opportunity to repair the umbilical hernia.

7. Types of ports
There are many types of ports with different sizes in the market. The devices are

either disposable or reusable: SILS device by Covidien© (Medtronic), GelPOINT
system by Applied Medical, R-Port and TriPort by Advanced Surgical Concepts,
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Figure 1.
Types of ports. A) Sils covidien, B) Gel point, C) Triport, D) Uni-X, E) Quadric port. F) Anchorport R by
Surgiquest.

Uni-X by Pnavel, Tri or quadric port by Olympus, and AnchorPort R by SurgiQuest.
(Figure 1) Each port has its own unique feature, so the selection of the port depends
on the surgeon, availability, and cost factor. The author has found that Covidien©
(Medtronic) port is the most suitable one as it is small in size and it can adopt

15 mm port for introducing GIA stapler and endobag.

8. Problems and solutions seen in SIPES

Rivas [16] has given a good list of problems and solutions in SILS. The
encountered problems were clashing of instruments, lack of ideal operative ports,
interference and deflection of laparoscope’ light source by operating instruments,
interference of wires or tubing that connect perpendicularly to instruments, dif-
ficulty with retraction of organs or structures, lack of time and patience to learn,
loss of proprioception due to crossed instrument, and change of surgeon’s mindset.
The solutions suggested by him were the use of curved, reticulating, or flexible
instruments, use of novel multichannel ports, use of an extra-long 5-mm angled
laparoscope (50 cm), use of retracting sutures, continuous medical education,
implementation of magnetically anchored instruments deployed though a single
incision, and use of a 90° adaptor for the light source (for sharp change in its direc-
tion parallel to the laparoscope).

Collision of instruments is considered the main limiting factor for popularizing
this technique. Other surgeons conquer this problem by using articulating instru-
ments and angled tip fiber-optic camera. The use of articulating instruments was
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difficult and almost impossible in small age group due to narrow and small working
space, so the author has replaced it by standard straight instruments. The camera-
man can stand away from the operating surgeon by using a 50 cm long laparoscope.
The articulating and bent instrumentation requires training and experience, and
we as other SIPES surgeons are confident that they are not needed in neonates and
children. Bent graspers and the 45° rigid endoscope or the deflectable tip laparo-
scope to minimize instrument collision, both internally and externally, might be of
help in obese children and bariatric surgery.

Retraction difficulties is again one of the most important challenges in SIPES; to
overcome this problem, there are many tricks being used by surgeons like placing a
thin grasper (2-mm Minilap Alligator-Stryker Endoscopy, San Jose, CA), transab-
dominal sutures, insertion of additional trocarless instrument, and using special
laparoscopic magnetic graspers which coupled with external magnets [16, 17].
Transabdominal suturing is useful in small children due to their thin abdominal
wall. These sutures are used to encircle the round ligament for liver retraction and
seromuscular bites through hollow organs like intestine and gallbladder [16, 19].

Coordination between the surgeon and the camera driver is essential as much
or more than it’s needed in CLS. In case of intraoperative complication or failure of
progression, the introduction of other transabdominal conventional laparoscopic
ports to aid completion of the surgical procedure is still there.

Engagement of OR staffs is essential to develop SIPES skills. In the beginning
“converting an easy procedure into a harder one” is the sentence which you will hear
as a SILS surgeon. Surgeons performing SIPES should have MIS skills and should
attend SILS workshops.

In our institute we are providing surgical trainees with advanced laparoscopic and
SILS animal workshops. The trainees are doing many SIPES procedures during their
rotation, like appendectomies, cholecystectomies, and splenectomies. Although our
rotating trainees did not have previous experience in SILS, as we are the only SILS cen-
ter in the region, by the end of their rotation, they will be able to perform SIPES safely.

Summary

¢ The position of SIPES port is mainly trans-umbilical, but it might be introduced in the left upper quad-
rant for sleeve gastrectomy.

* Many types of ports are available, but Covidien© (Medtronic) is more suitable for pediatric patients,
and Olympus is more suitable for bariatric surgery.

¢ Many challenges exist with SIPES, but there are always solutions as in conventional laparoscopy.
* Surgeons performing SIPES should have MIS skills and should attend SILS workshops.

* Insertion of extra port is always an option and is considered as conversion to mini laparoscopy (two
ports).

9. SIPES tips and tricks
9.1 Tips & Tricks in SIPES appendectomy

SIPES appendectomy is increasing for its well-known cosmetic benefit. SIPES
appendectomy is the most common procedure done in pediatric surgical units. The

incision is strategically placed in the umbilicus with a perceived scarless abdomen.
The technique is almost the same as in conventional procedure; it is performed
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through a 1.5 cm umbilical incision. Single-incision port Medtronic 5-12 mm is
placed using the open technique. The mesoappendix is divided by diathermy or
sealing device, endo-loops is applied to secure the base of the appendix, and the
appendix is then divided and retrieved through the port. Interferences and col-
lisions between surgical instruments are worse than they are when conventional
laparoscopic appendectomy (CLA) is performed using three incisions; this may
extend the MOT. However, even with these challenges, difficult appendectomy can
be completed successfully and safely by SIPES.

9.2 SIPES cholecystectomy

Cholecystectomy is one of the most popular SIPES procedures. Our technique
is to place a SILS port Covidien© (Medtronic) 5-12 mm in 1.5 cm trans-umbilical
incision by open access. Obtaining the critical view of safety to properly visualize
the cystic duct and artery is perhaps of utmost importance. The author modified
the placement of straight needle for gallbladder fundus traction by transabdominal
suture which is introduced percutaneously by curved needle. Once the gallbladder
is properly retracted, the cystic duct and artery are identified, double clipped, and
divided. The gallbladder is then dissected off the liver bed with hook cautery, and
when completely detached, it is extracted from the abdomen through 12 mm port. No
need for endobag.

9.3 SIPES splenectomy

SIPES splenectomy gives a good access for retrieving large-sized spleen
through the umbilicus, instead of Pfannenstiel-Kerr incision used in conventional
laparoscopic splenectomy CLS. Our technique is to place the patient in supine
position with left side tilted 30°. Open-access trans-umbilical single-incision of
1.5 cm is used for placement of SILS port, Covidien (Medtronic) 12-15 mm SILS
ports. Pneumoperitoneum is created and maintained at a constant pressure of
10-12 mm Hg. We insert 3 mm extra port in left flank for splenic retraction. We
use only straight regular instruments. Dissection is performed by sealing device
(LigaSure) in four stages: division of spleno-colic ligament at lower pole, dis-
section of vascular hilum, division of short gastric vessels, and detachment of
diaphragmatic ligaments. The spleen is placed in a plastic bag and retrieved after
morcellation with Péan forceps.

Insertion of portless extra 3 mm port in the left upper quadrant is necessary for
elevation of the spleen to facilitate dissection of the hilum [20]. There is some argu-
ment about the use of extra port that it contradicts the concept of SIPES.

Figure 2.
Endo Stitch device.
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There are some options to replace this port by using tug-exposure or suture suspen-
sion techniques [21, 22].

9.4 SIPES inguinal herniorrhaphy

Our technique for inguinal herniorrhaphy is percutaneous internal ring suturing
(PIRS). The child is placed on supine position, and the surgeon stands on contralat-
eral site of hernia. Laparoscopic camera is inserted through supra umbilical incision.
Both sides of deep inguinal ring are explored. Stab wound is placed on the skin crease
above deep inguinal ring. Epidural needle inserted in pre-peritoneal area with looped
4/0 nonabsorbable suture. In female the suture surrounds the sac entirely. In boy the
needle enters the peritoneum adjacent to vas or vessels for exchange of the suture.

9.5 SIPES cystectomy/oopherectomy

We are using bronchoscope with foreign body retrieval forceps to retrieve the
cyst and deliver it from the wound in neonate. In older children we use SIPES port
and operate as in conventional laparoscopy.

9.6 SIPES fundoplication

We insert liver retractor directly through stab wound. The dissection is car-
ried out as in conventional laparoscopy, and traction suture around the esophagus
is taken out from the abdominal wall. We performed two cases with large hiatus
hernia. Intracorporeal suturing is done by Endo Stitch device (Figure 2).

9.7 SIPES-assisted Mitrofanoff appendicovesicostomy

We ligate the base of appendix by extracorporeal sutures instead of endo-loop.
The urinary bladder filled to come near the umbilical wound. The operation
finished through the umbilical incision.

9.8 Obesity and SIPES

In the beginning adult surgeons were doing SILS cholecystectomy on patients
with BMI less than 34. Later with improvement of instrumentations and develop-
ment of disposable and reusable SILS trocars, SILS is now is recommended tech-
nique for obese, and it is used for sleeve gastrectomy.

Summary
* Many procedures have been done in our center

* We found out that appendectomy, cholecystectomy, splenectomy, cystectomy, oopherectomy, orchi-
dectomy, Mitrofanoff, nephrectomy, herniorrhaphy, adhesiolysis, malrotation, and Morgagni hernia
are easier to be performed

¢ Sleeve gastrectomy and fundoplication are less frequently done in our center; the reason in fundopli-
cation is difficulty in suturing.

* This difficulty in older age group could be overcome with Endo Stitch instrument or the use of

extracorporeal sliding notes.
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10. Outcomes of SIPES at King Fahad Armed Forces Hospital (KFAFH)

The outcome of our retrospective study of all SIPES cases which was done from
2010 to 2016 is shown in (Table 1 and Figure 3).

10.1 SIPES splenectomy

Few centers worldwide are performing SIPES pediatric splenectomy (Table 2).
On extensive review there were only 166 SILS splenectomy cases, out of them only 61
SIPES pediatric splenectomy published in English, German, Greek, French, Italian,
or Spanish literatures in all age groups (0.6-90 years) [23-28]. No publications
regarding the safety of SIPES splenectomy were performed by trainees. Laparoscopic
splenectomy is a demanding technique which needs high level of skills and mainly
performed by the most experienced trained surgeon. Our SIPES splenectomy series
is the largest one. 49 SIPES splenectomies were performed by 15 trainees. 25 (51%)
were male and 24 (49%) were female. Mean age was 6.9 years (2.5-14.8 years). Six
cholecystectomies were done simultaneously. 45 patients were having sickle cell
disease, two with thalassemia, one spherocytosis, and one Fanconi’s anemia. MOT
for splenectomy was 182 min (130-190) and 251 min for splenectomy with cholecys-
tectomy (230-270) min depending on severity of adhesions and size of the spleen

Procedures Age oT # Conversion
(min)

Cholecystectomy (one with inguinal hernia 7-16 85+ 40 52 2 (extra

repair+ 1 with appendectomy) port)

Splenectomy (6 with cholecystectomy) 2.5-14.8 130-270 49 2

Appendectomy (carcinoid, adhesion, 6 3-12 70-160 137 0

perforated, 4 appendix mass)

SIPES hernia repair percutaneous internal ring 2 months-12 20-45 46 22 (extra

suturing (PIRS) years port)

Fundoplication (liver retract, Endo Stitch, 2 18 months-7 90-180 8 0

hiatal hernia) years

Ovarian cystectomy (oophorectomy) (2 4 days-13 30-90 10 0

teratomas) years

Intussusception 10 months 90 I 0

Malrotation (Ladd’s procedure) 16 and 17 90 and 2 0
years 120

Assisted Mitrofanoff one with nephrectomy 1.5-13 years 90-180 10 0

and orchidectomy

SIPES nephrectomy 18 months 100 1 0

SIPES abdominal orchidectomy 18 months 20 1 0

Morgagni hernia 3 and 5 years 90 and 2 0

120

Adhesiolysis 3and 6 80 and 2 0
years 100

Sleeve gastrectomy 13-18 years 40-120 3 0

Total 324

Table 1.
SIPES outcome at KFAFH.
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Figure 3.
KFAFH SIPES outcome.
Conversion Time/min Detail procedures Age Number Authors
years
0 90-176 4 splenectomy 2-17 20 SIPES Dutta [18]
2 combined splenectomy/ procedures
cholecystectomy 8 months
2 (excluded) 116 SIPES 71 37 patients Seims
(27-97) (20 with etal. [20]
extra port)
0 125 min SILS and SIPES 0.6-90 81 Gkegkeset
(range, splenectomy al [23]
45420
min)
SIPES splenectomy 6 months 1 Joshi et al.
[24]
2 130-190 SIPES splenectomy 2.5-14.8 49 Raboei
[25]
Table 2.

Comparison of SIPES splenectomy in pediatric age group.

P value <0.001 (Figures 4 and 5). Two were converted to open due to bleeding and
were in the beginning of the series. There is neither wound infection nor incisional
hernia update. SIPES splenectomy is now the standard of care in our unit, and we
highly recommend it as excellent approach for splenectomy.

Summary

® This is the first series of SIPES splenectomy for hematological diseases done by trainees.

Procedures Age OT (min) # Conversion

Splenectomy (six with cholecystectomy) 2.5-14.8 130-270 49 2
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Figure 5.
SIPES MOT over years.

10.2 SIPES appendectomy

Most centers advocate laparoscopy for treating acute appendicitis in order to
minimize the size and the number of skin incisions even with complicated ones [29].
SIPES pediatric appendectomy has gained significant popularity, as its main advan-
tage is preferable cosmetic result. Previous studies have typically compared SIPES
and CLA appendectomy in children and showed heterogeneous results. There was no
difference in duration of hospital stay or postoperative complications. Longer MOT
with SIPES appendectomy was the main concern [11, 30-41]. One study has shown
that SIPES appendectomy in children is safe and feasible when performed by resident
doctors and compare it when performed by fellows [42]. Chandler NM et al. studied
SIPES versus conventional laparoscopic appendectomy CLA in children. 110 patients
underwent appendectomy; 50 SIPES Group 1 and 14 were excluded (perforated) [30,
33]. They concluded that MOT and pain medication are the only significant values
between SIPES and conventional. There was no increase in wound infection [43, 44].
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Operation Performing surgeon MOT NO.
SIPES appendectomy Specialist 70.723 47
Trainee 95.289 90

Total 86.861 137

CLA Specialist 64.681 141
Trainee 88.457 46

Total 70.529 187

Table 3.

Performing surgeon and MOT.

We started SIPES appendectomy in 2011, and it became our standard approach for
acute appendicitis. It is carried out routinely by trainees and specialist. We compared
SIPES appendectomy with CLA between our center and another training center. We
conducted retrospective study at two training military institutes, KFAFH and Prince
Sultan Medical City PSMMC. A total of 322 patients were operated. 187 patients
(58%) underwent CLA, and 137 patients (42%) underwent SIPES appendectomy.
120 patients (64%) of CLA and 87 (63%) patients of SIPES appendectomy were
males. 67 patients (36%) of CLA and 42 (37%) patients of SIPES appendectomy
were females. The mean age of the patients in CLA and SIPES appendectomy was

10 and 9.6 years, respectively. Diagnosis at time of operation was simple appendi-
citis in 166 patients who underwent CLA and 126 patients who underwent SIPES
appendectomy, and complicated appendicitis was in 21 and 11 patients, respectively.
143 CLA (76%) were performed by specialist, and 44 cases (24%) were performed
by trainees. 47 SIPES appendectomy (34%) were performed by specialist, and 90
cases (66%) were performed by trainees (Table 3) (P value <0.001). The MOT was
70 min for CLA and 86 min for SIPES appendectomy (P value <0.001). The mean
length of hospital stay is 2.6 days for CLA and 2.8 days for SIPES appendectomy.
Bilateral percutaneous internal ring suturing (PIRS) and right PIRS were performed
on 2 patients who underwent SIPES appendectomy. Three cases developed intra-
abdominal collection (2.2%), one case had wound infection (0.7%), and two cases
had adhesion (1.5%), treated conservatively in SIPES appendectomy. There were five
cases of intra-abdominal collection (2.7%), two cases of wound infection (1.1%), and
one case of adhesion (0.5%) in CLA. Negative appendectomy rate has been 10%.

Summary

¢ SIPES appendectomy is the commonest procedure done in our center by our trainees.

Procedures Age OT (min) # Conversion

Appendectomy (carcinoid, adhesion, six 3-12 70-160 137 0
perforated, four appendix mass)

10.3 SIPES cholecystectomy

Minimally invasive techniques have revolutionized surgical treatment. Few cen-
ters worldwide have advanced SIPES for pediatric age group. Many papers that were
published in English literatures proved the safety and efficacy of SIPES cholecys-
tectomy [44-48]. Up to our knowledge, there is no study regarding MOT of SIPES
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Figure 6.
SIPES cholecystectomy 6 months post-op.
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Figure7.
SIPES cholecystectomy MOT.

cholecystectomy performed by trainees in patients with hematological disease. We
conducted a retrospective study to determine the feasibility, safety, and expedi-
ency of SIPES cholecystectomy performed by trainees. 45 patients underwent SILS
cholecystectomy. Age of the patients ranged from 7 to 16 years. Hematological
disease were in >80% of cases. One extra port was needed in 2 patients in the begin-
ning of the series. Eight procedures were done simultaneously, six splenectomy, one
appendectomy, and one herniotomy, and were excluded from MOT. No conversion
was needed. No wound infection. MOT is 85 + 40 min. (Figures 6 and 7). Itis
comparable with conventional technique.

Summary
 SIPES cholecystectomy is the second common operation in our center.

* We made a new technique for gallbladder traction by using a curved needle which visualize Calot’s
triangle clearly.

Procedures Age OT (min) # Conversion
Cholecystectomy (one with inguinal hernia 7-16 85+ 40 52 2 (extra
repair + 1 with appendectomy) port)
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10.4 SIPES inguinal herniorrhaphy

The approach to inguinal hernia in the pediatric population has historically
been via an open technique. During recent years, laparoscopic surgery has emerged
as an alternative in the treatment of pediatric inguinal herniorrhaphy. Different
laparoscopic technique has been used, and SIPES is a recommended approach for
management of inguinal herniorrhaphy [28]. SIPES inguinal herniorrhaphy gives
opportunity to explore the contralateral side. We retrospectively review all SIPES
inguinal hernia cases. MOT, intra- and postoperative complications, cosmetic
results, and contralateral patencies of processus vaginalis (CPPV) were recorded.
Patients were followed up for 4 months postoperatively. A total of 46 patients were
operated, 39 (84.8%) were male, and 7 (15.2%) were female. Right side inguinal
hernias were 18 (39.1%), left were 12 (26.1%), and bilateral sides were 16 (34.8%).
56.5% were less than 1 year, 19.6% were between 1 and 5 years, and 23.9% were
6-13 years old. Mean age is 2.7 years. For unilateral procedures MOT was 27 min.
For bilateral procedures MOT was 40 minutes. Seven (23%) (CPPV) was found in
laparoscopic surgery. Stitch granuloma developed in one patient.

Summary
* PIRS is comparable with OH.

* It needs good ancillary services for babies below 6 months of age.

Procedures Age OT (min) # Conversion
SIPES hernia repair 2 20-45 46 22 (extra port)
percutaneous internal ring months—12years

suturing (PIRS)

11. Conclusion

SIPES has excellent cosmesis and almost invisible scar.

We can do more than one procedure at the same time with SIPES technique.

SIPES splenectomy is safe and feasible when performed by surgical trainees
without adding any morbidity to the patients even those with hematological
diseases.

SIPES appendectomy is feasible and safe in complicated appendicitis.

SIPES cholecystectomy MOT is comparable with conventional technique.

SIPES PIRS for inguinal herniorrhaphy is safe and efficient with good learning
curve and best cosmetic result.

SIPES technique can be imparted satisfactorily to trainees. However, its success-
ful incorporation into surgical training programs will depend on the development
of innovative simulation strategies.

Our aim is to standardize this approach and to reassure our colleagues regarding
the safety, feasibility, and technical challenges of SIPES.
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