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Foreword

Since its introduction in the late 1960s, the field of pediatric gastroenterology and
endoscopy has developed rapidly. During the last 30 years, the number of pediatric
gastroenterologists performing endoscopic procedures has progressively increased
with pediatric endoscopy evolving from an infrequent procedure in the operating
room to a routine outpatient procedure. The rapid growth and standardization of
endoscopic procedures in children has been associated with an improvement of
diagnosis and management of pediatric population with IBD. With approximately
25% of IBDs presenting before the patient is 20 years of age, pediatric endoscopy
has become an integral part of a diagnostic process in a significant number of young
IBD patients. Presentations in the pediatric population may differ from those typi-
cally seen in adults. Unique features in children may include growth failure and
pubertal delay, which must be considered when planning treatment. Moreover, clear
diagnosis of IBD and differentiation of CD from UC and/or IC are essential for
pediatric patients in planning the optimal treatment strategy in a given patient. This
is why endoscopy in this subset of population is very peculiar and requires dedi-
cated skills and specific approaches which somehow may differ from those rou-
tinely used in adult IBD patients. Recommendations from the European and North
American pediatric gastroenterology societies have helped to bring uniformity in
the diagnostic work-up and the differentiation of IBD types. Nonetheless, a lot
remains to be done to upgrade and standardize practice of pediatric endoscopy in
the management of IBD populations. For the new generation of pediatric endosco-
pists, the challenge will be to properly use invasive endoscopic tests in association
with noninvasive diagnostic tools like wireless capsule or fecal calprotectin. This
makes imperative that gastroenterologists managing pediatric patients with IBD
have a specific training path and develop extensive expertise for advanced diagnos-
tic modalities including endoscopy of the small bowel such as enteroscopy. I am
very pleased to introduce this very comprehensive and updated book dealing with
the different topics of pediatric endoscopy in the field of IBD conditions. Every
single chapter has been developed to provide the most extensive and practical guide
to perform endoscopy according to the most recent guideline. All different aspects
of IBD endoscopy are nicely discussed with a clinical approach where endoscopy is
integrated as part of the instrumental and clinical framework required to provide
early diagnosis and to guide therapy. The book reads really well and may represent
a useful tool also for those pediatric gastroenterologists who are developing their
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training in endoscopy and have to quickly find the resources and the information to
implement their endoscopic procedures in children with IBD. I do believe that the
authors should be congratulated for this excellent piece of work, which will remain
as one of the best available educational books for those who need an updated and
extensive guide to support their practice in endoscopy for pediatric patients diag-
nosed with inflammatory conditions of the GI tract.

Milan, Italy Alessandro Repici



Preface

Endoscopy can be considered an essential part of proper care in children with
inflammatory bowel diseases (IBDs), including ulcerative colitis (UC) and Crohn’s
disease (CD). The role ranges widely from diagnosing the disease to assessing the
extent of the disease and its activity. Major advances in recent years, with the emer-
gence of new techniques such as wireless video capsule endoscopy (WCE), device-
assisted enteroscopy (DAE), chromoendoscopy, and confocal endomicroscopy,
have been achieved. In pediatric population, endoscopy has a major role in the dif-
ferential diagnosis of the IBD, between CD and UC or indeterminate colitis. The
techniques of sedation allow the execution of the exams with better safety.
Endoscopic reassessment is considered in cases of frequent relapses, refractoriness,
surgery, and in monitoring biological therapies response. The role of endoscopy in
IBD is to assist in the diagnosis of IBD disease activity, in defines disease distribu-
tion/extent and assessment of treatment success (mucosal healing). Recently, new
guidelines for endoscopy in IBD were published by the European Crohn’s and
Colitis Organization, but few details are available for pediatric specificity. In this
book, we have summarized the main topics of endoscopy in pediatric inflammatory
bowel disease as equipment in pediatric endoscopy, patient and parents preparation,
sedation, endoscopic features in early onset IBD, esophagogastroduodenoscopy and
ileocolonoscopy, application of the endoscopic scores, small bowel endoscopy,
endoscopic intervention in IBD, and cancer and dysplasia surveillance. The selected
authors have maximum competence in this field, and this book can be an important
aid in clinical practice and in the management of children with IBD. We confirm
that endoscopy is an important tool in the diagnosis and management of IBD, but
the sensitivity and specificity are increased if this technique is used by expert hands
and with proper interpretation of the results.

Messina, Italy Claudio Romano
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Equipment in Pediatric Endoscopy

Maria Teresa llliceto, Gabriele Lisi, and Giuliano Lombardi

1.1 Introduction

The endoscopic techniques used in children are quite similar to those used in the
adult. The anatomical differences, especially in children below 10-15 kg of body
weight, condition the endoscopist while choosing the instrument:

— the newborn’s esophagus measures 8—10 cm in length and approximately 5 mm
in diameter, and the soft posterior wall of the trachea is easily compressed during
upper endoscopy.

— in small children, the antrum is acutely angulated, requiring a greater degree of
tip deflection to view the pylorus.

— in the same way, the proximal duodenum is angulated, obscuring views of the
posteromedial wall [1].

— the diameter of the empty duodenum, jejunum, and ileum in newborns measure
10-15 mm.

— the neonatal colonic diameter is approximately 10 mm except for the cecum, that
is approximately 17 mm.

An additional limitation to the choice of endoscopes diameter is the compression
of the trachea with an endotracheal tube inside. Current technology permits safe
visualization, tissue sampling, and therapeutic interventions of the upper and lower
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Table 1.1 Endoscope choice based on weight (ESGE-ESPGHAN guidelines)

Weight or
age EGD Colonoscopy ERCP
<10 kg or <6 mm gastroscope preferred. <6 mm gastroscope, 7.5 mm duodenoscope
<l year  Consider standard adult standard adult gastroscope
gastroscope if endotherapy or pediatric colonoscope.
required
>10 kg or Standard adult gastroscope Pediatric or adult Therapeutic
>1year  Therapeutic gastroscope if colonoscope duodenoscope (4.2 mm
needed operative channel)

gastrointestinal tracts in even preterm newborns. Over the years several guidelines
have been published, regarding the type of endoscopes to be used; we refer to the
most recent ESGE-ESPGHAN guidelines (Table 1.1).

The three major manufacturers (Olympus, Fujinon, and Pentax) have pediatric
product lines with similar characteristics. Each provides brilliant, high-resolution
color views of the gastrointestinal mucosa through a wide angle. The depth of view
ranges from 5 to 100 mm, with nearly a 30-fold magnification of the mucosa.
Depending on the manufacturer, smaller-sized duodenoscopes, enteroscopes, and
variable-stiffness colonoscopes can be found. In addition, adult operative (two-
channel) gastroscopes and “zoom” gastroscopes allowing magnification (up to
150x%) of the mucosal image have occasional applications in children.

In 2012, the American Society for Gastrointestinal Endoscopy (ASGE)
Technology Committee drew up reviews of existing, new, or emerging endoscopic
technologies that have an impact on the practice of gastrointestinal (GI) endoscopy
[2]. More recently, in 2017, the European Society of Gastrointestinal Endoscopy
(ESGE) and European Society for Paediatric Gastroenterology Hepatology and
Nutrition (ESPGHAN) published the executive summary of the Guidelines on
pediatric gastrointestinal endoscopy that refers to infants, children, and adolescents
aged 0-18 years.

1.1.1 Esophagogastroduodenoscopy (EGD)

The choice of pediatric endoscope type is based on the age and weight of the patient,
the presence of any anatomical anomalies, and the indication for the procedure
(diagnostic and/or therapeutic) (Table 1.2) [2].

1.1.2 Neonatal Patients

Neonatal (ultrathin) gastroscopes are similar to standard gastroscopes in design and
length, but some models have only two-way tip deflection (up/down) [3], and right/
left view is obtained by rotating the shaft of the instrument. The smallest insertion
tube diameter allows easy transit through the narrow pediatric lumens. Also the
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Table 1.2 Neonatal (ultrathin) and pediatric gastroscopes (ASGE Technology Committee, 2012)

Insertion tube Definition/magnification/ Biopsy channel/

Manufacturer Model length/diameter, mm color enhancement diameter, mm
Olympus GIF-N180 1100/4.9 Standard/none/NBI 1/2.0

GIF- 1100/5.5 Standard/none/NBI 1/2.0

XP180ON
Fujinon EG530N 1100/5.9 High-definition/zoom 1/2.0

EGS530NP  1100/4.9 High-definition/zoom 1/2.0
Pentax EG1690K 1100/5.4 Standard/zoom/iSCAN 1/2.0

EG1870K  1050/6.0 Standard/zoom/iSCAN 1/2.0

NBI narrow-band imaging

working channel of these endoscopes is narrower (1.5-2.0 mm), requiring the use
of appropriate small-caliber accessories. Due to the small diameter of the working
channel the suction capacity in case of bleeding is inadequate, so in these cases the
use of a larger caliber endoscope is indicated.

1.1.3 Children Weighing less than 10-15 kg

In patients weighing less than 10-15 kg, gastroscopes with an outer diameter of
4.9-6.0 mm are preferred, particularly for those weighing less than 5 kg [4, 5]. In
these patients, the use of larger diameter gastroscopes (both for diagnostic and ther-
apeutic procedures) exhibits a high risk of mucosal damage, perforation, and tra-
cheal compression.

1.1.4 Children Older than 12 Months or Weighing more than
10-15 kg

In most children older than 1 year and weighing more than 10-15 kg, gastroscopes
with an outside diameter of 8 mm or larger may be used. However, most pediatric
endoscopists start the examination with a smaller gastroscope, and eventually pro-
ceed with a larger caliber if the procedure requires it (bleeding, dilatation, ...), com-
patibly with the ability of the instrument to pass beyond the physiological anatomic
narrowings (upper esophageal sphincter, pylorus).

1.2  Colonoscopy

Pediatric colonoscopy is an instrumental test that is extremely useful in selected
cases, but has specific peculiarities compared to adulthood, both for indications and
for procedures.

The American Society for Gastrointestinal Endoscopy (ASGE) and the North
American Society for Pediatric Gastroenterology Hepatology and Nutrition
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Table 1.3 Typical diagnostic and therapeutic indications, non-indications, and contraindications
for ileocolonoscopy in pediatric patients (ESGE-ESPGHAN 2017)

Diagnostic indications
Unexplained anemia
Unexplained chronic diarrhea
Perianal lesions (fistula, abscess)
Rectal blood loss
Unexplained failure to thrive
Suspicion of graft-versus-host disease
Rejection or complications after intestinal transplantation Polyposis syndrome (diagnosis and
surveillance)
Radiological suspicion of ileocolonic stenosis/stricture
Polyposis syndromes
Therapeutic indications
Polypectomy
Foreign-body removal
Dilation of ileocolonic stenosis
Treatment of hemorrhagic lesions
Reduction of sigmoidal volvulus
Non-indications
Functional GI disorders
Constipation
Contraindications
Toxic megacolon
Recent colonic perforation
Recent intestinal resection (<7 days)

(NASPGHAN) modified the previous guidelines, adding clear indications for pedi-
atric endoscopy [6]. The ESGE-ESPGHAN guidelines revised the indications, both
in terms of diagnosis and treatment (Table 1.3).

Pediatric colonoscopes have variable insertion tube lengths (1330-1700 mm),
shaft diameters (9.8—11.8 mm), and channel size (2.8-3.8 mm) (Table 1.4).

There are no published data to support specific guidelines for a colonoscopes
caliber in children, and recommendations are based on experience.

1.2.1 Neonatal Patients (<5 kg)

Children weighing less than 5 kg may undergo successful ileocolonoscopy with
ultrathin gastroscopes, although the procedure may be difficult due to the flexibility
of the insertion tube.

1.2.2 Children Weighing Between 5 and 12 kg

In children weighing between 5 and 12 kg, colonoscopy can be performed using a
pediatric or adult standard gastroscope.
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Table 1.4 Pediatric colonoscopies (ASGE Technology Committee, 2012)

Insertion tube Biopsy channel
length/diameter, Definition/magnification/ number/
Manufacturer Model mm color enhancement diameter, mm
Olympus PCF Q180 AL 1680/11.5 High resolution/none/NBI 1/3.2
PCF Q180 AI  1330/11.5 High resolution/none/NBI 1/3.2
PCFHI80 AL 1680/11.8 High resolution/none/NBI 1/3.2
PCFHI180 Al  1330/11.8 High resolution/none/NBI 1/3.2
Fujinon EC530LS 1690/11.5 High-definition/zoom 1/3.8
EC450 LS5 1690/11.5 High-definition/zoom 1/3.8
EC450 LPS 1690/11.1 High-definition/zoom 1/3.2
Pentax EC2990 Li 1700/9.8 High-definition/zoom/ 1/2.8
iSCAN
EC3490 Li 1700/11.6 High-definition/zoom/ 1/3.2
iSCAN
EC3490 LK 1700/11.6 High resolution/zoom/ 1/3.8
iSCAN

NBI narrow-band imaging

1.2.3 Children Weighing more than 12-15 kg

A body weight of 12—15 kg represents the limit for the use of a standard pediatric
colonoscopy [7].

The limitation of procedures carried out with a pediatric colonoscope with a
2.8-mm working channel is the impossibility to use larger accessories.

1.3  Capsule Endoscopy

Clinical use of the capsule endoscopy (CE) received the approval of the FDA in
2001, and it shortly became a modern approach in the exploration of the intestine,
although, only recently, data on its application in pediatric gastroenterology are
emerging [8]. In 2015, a review provides an up-to-date information about wireless
capsule endoscopy in children, in the contest of a Journal Continuing-Medical-
Education (CME) Activity by NASPGHAN [9].

Indications for CE in children provide evaluation of the small bowel mucosa in
Crohn’s disease, occult bleeding, polyposis, graft-versus-host disease, lymphangi-
ectasia, growth failure, or abdominal pain [10-13].

This procedure is approved by the U.S. Food and Drug Administration for chil-
dren 2 years old or older, but there are no guidelines on the lower age and weight
limits (few cases are described of 8—10 months old infant in which the procedure
was successfully performed) [14, 15].

The main problem for the procedure in children is their ability to swallow the
capsule, which measures 11 x 26 mm. In patients who are either unable to swallow
the capsule by age (below 4 years [13]), by refusal or fear (even in older children),
or by anatomical abnormalities, the capsule can be placed directly in the stomach or
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duodenum with a trans-endoscopic delivery device of 2.5 mm in diameter, which
requires the use of an endoscope working channel >2.8 mm.

CE has been performed safely in a small series of pediatric patients, always con-
firming its degree of safety and tolerability. In addition, several studies have reported
greater sensitivity than radiological and standard endoscopic examination in the
detection of small bowel Crohn’s disease distribution, gastrointestinal bleeding
source, and presence of polyps in children [16]. The limitation of capsule endos-
copy is the inability to biopsy and treat small bowel lesions. Colon capsule endos-
copy (CCE) is a minimally invasive technique specifically designed to explore the
colon without sedation and air insufflation. This procedure has been assessed as a
surrogate to colonoscopy in pediatric ulcerative colitis [17].

1.3.1 Small Bowel Enteroscopy

Endoscopic investigation of small bowel disorders in children has historically been
difficult due to the length and tortuosity of the organ itself [18]. Factors influencing
the choice of endoscope are similar to those listed for upper endoscopy. Performing
an enteroscopy may be more difficult in children because of the smaller abdominal
cavity.

1.3.2 Push Enteroscopy

Push enteroscopy can be performed using an enteroscope or pediatric colonoscope.
Enteroscopes are available with an outer diameter of 8.5-11.6 mm, working lengths
of 20002200 mm, and a channel size of 2.2-3.8 mm.

1.3.3 Antegrade and Retrograde Balloon-Assisted Enteroscopy

The introduction of balloon enteroscopy allows deep intubation of the small bowel,
and at times viewing of the entire mucosal surface.

— Double-Balloon enteroscopy has been safely reported in children as small as
12 kg and youngest age 2 years, and has been successfully performed in children
with Roux-en-Y anastomoses in the evaluation and therapy of biliary strictures.
We must consider that procedures performed in children under 8—10 years of age
present a greater risk of complications [19].

Double-balloon enteroscopes (Fujinon, Wayne, NJ) consist of a high-resolution
video enteroscope (EN-450P5/20) with a flexible overtube (TS-12140), having
working lengths of 1520-2000 mm, outer diameter of 8.5-9.4 mm, and channel size
of 2.2-2.8 mm. The overtubes require measure 12.2—-13.2 mm in outer diameter.
The enteroscopes and overtube have balloons fitted at the distal tip of each, which
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are sequentially inflated and deflated with air from a pressure controlled pump sys-
tem with a maximum inflatable pressure of 45 mmHg. Available devices include
argon plasma coagulation probes, biopsy forceps, and polypectomy snares. Training
and learning curves for this procedure are, it is estimated by the procedurists, simi-
lar to that encountered in ileocolonoscopy, and clearly it is not yet apparent in pedi-
atric practice how many DBE procedures are necessary in order to attain a high
degree of competence [20].

— Single-balloon enteroscopy has also been performed in pediatric children [21,
22], the smallest of which reported undergone an antegrade study was 3 years old
and weighed 13.5 kg [23].

One single-balloon enteroscope system is available (Olympus Medical System)
with a 9.2 mm outer diameter, a working length of 2000 mm and a 2.8-mm channel,
with an overtube of 13.2 mm outer diameter.

Both procedures can be applied to patients who tolerate the diameter of the
overtube.

1.4 Endoscopic Retrograde Cholangiopancreatography
(ERCP)

The ERCP can be performed successfully and safely in children with complication
rates comparable to those in adults. The type of cannulation and patient age are
independent risk factors for complications [23].

The ESGE/ESPGHAN guidelines indicate ERCP in pediatric patients (>1 year
old) for therapeutic purposes (chronic pancreatitis, recurrent acute pancreatitis,
pancreas divisum, postsurgical/post-traumatic pancreatic duct leak, pancreatic
pseudocyst, common bile duct stones, postsurgical/post-traumatic bile leak,
benign and/or malignant biliary strictures, primary sclerosing cholangitis often
associated with inflammatory bowel disease, parasitosis) following diagnostic
information from noninvasive modalities, while diagnostic ERCP can be consid-
ered in selected cases (evaluation of anomalous biliopancreatic junction, cho-
lestasis in neonates and infants, choledochal cyst, and primary sclerosing
cholangitis), performing the procedure with a pediatric 7.5-mm duodenoscope
(2-mm working channel) in children weighing <10 kg, using a therapeutic duo-
denoscope (10.8-12.1 mm outer diameter) in those weighing >10 kg (although
the soft-walled trachea in young children may become compressed because of
the large diameter) [24, 25].

1.4.1 Endoscopic Ultrasonography (EUS)

The application of endoscopic ultrasound (EUS) in children is growing, with studies
demonstrating a positive impact of EUS in the management of childhood diseases.
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EUS has shown to be useful in the evaluation and management of a spectrum of
childhood diseases including pancreaticobiliary disease, congenital anomalies, sub-
mucosal lesions, biliary stones disease, inflammatory bowel disease, and eosino-
philic esophagitis. Its diagnostic capabilities with fine-needle aspiration and
core-needle biopsy are shown to be technically successful, safe, and effective in
several pediatric studies. Therapeutic EUS procedures include endoscopic cystgas-
trostomy, celiac plexus neurolysis, and biliary access [26—28]. There are no specific
equipment for children. Standard radial echoendoscopes have a tip diameter ranging
from 12.7 to 14.2 mm, and linear FNA echoendoscopes are slightly larger, measur-
ing 12.1-14.6 mm in tip diameter.

In children weighing >15 kg a standard echo-endoscope should be employed
only under general anesthesia, considering the stiff and potentially traumatic rigid
distal part, requiring strict collaboration between adult and pediatric gastroenterolo-
gists [25].

The endobronchial ultrasound (EBUS) endoscope can be adapted for EUS in
children with a weight below 15 kg.

Through-the-scope miniprobes with frequencies ranging from 12 to 30 MHz
may be used through a 2.8-mm working channel of a standard gastroscope, in infant
as young as 5 months of age. In smaller infants, a 1.7-mm miniprobe is available.

1.4.2 Biopsy Forceps

Mucosal biopsies are an essential component of most pediatric endoscopic proce-
dures. Forceps available for 2-mm channel have fenestrated and serrated designs,
with and without a needle-spike and with oval or alligator-type cups.

Large-cup forceps have been used in children without complications, but the util-
ity of a larger tissue specimen is uncertain in pediatric population.

1.4.3 Endoscopic Retrieval Devices

To remove foreign bodies, there are several devices compatible with 2-mm working
channels, such as retrieval snares, retrieval nets, alligator jaw, rat-tooth, and 3-prong
graspers, as well as baskets [29]. There are no published data on the use of overtubes
in children, because it is rarely used due to the high risk of injury to the esophagus
or pharynx.

1.4.4 Polypectomy Devices
Most children requiring a polypectomy have an age and weight that allows using

probes with a 2.8-mm working channel, but there are also polypectomy snares for
use through a 2.0-mm channel.



1 Equipment in Pediatric Endoscopy 9

1.4.5 Hemostatic Devices

Pediatric hemostasis techniques do not differ from those of the adult, and include:
injection therapy, mechanical closure, and thermal techniques (multipolar/bipolar
electrocautery, heater probe, and argon plasma coagulation).

In the last few years, hemostatic powders have been introduced for the endo-
scopic management of hemorrhagic lesions, either venous or arterial, and treatment
of bleeding from malignant masses in adult patients [30-34].

1.4.6 Devices for Esophageal and lleocolonic Dilation

Dilation of esophageal strictures in pediatric patients has been performed for
decades [35]. Endoscopic dilators and techniques have been reported and depend on
the stricture’s etiology, the availability of different tools, and the operator’s experi-
ence and preferences (Fig. 1.1).

At the beginning, the only dilators available were the Maloney dilators, which
were passed under guidance of the rigid esophagoscope or blindly.

As soon as balloons and the Savary-Gilliard (S-G) dilators became available,
blind bougienage was abandoned [36].

Balloon and semirigid dilators are the most frequently used tools. No high-
quality studies have reported on the differences in the efficacies and rates of compli-
cations associated with these two types of dilators.

In patients with Crohn’s disease (CD), strictures typically are found in terminal
ileum and colon as well as the site of ileocolonic surgical anastomosis. Endoscopic
balloon dilation in patients with symptomatic CD strictures of the small bowel has
a durable clinical response. Two retrospective series found technical success rates of
89-97%, and serious adverse events were reported in 5%. Dilating balloons >20 mm
appear to be associated with more adverse events [37].

1.4.6.1 Bougie Dilators

Bougie dilators can be passed across esophageal strictures by applying axial and
radial force to the narrowed region.

r/d . .
uidewire
b g

Fig. 1.1 Esophageal -/-

dilators: (a) Savary, (b) inflated pm——
Maloney, (¢) Through-the- ¢ ‘\‘ — .
scope (TTS) balloon ———-'"“":’;a‘:;lated

catheter
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— Auvailable bougie dilators include Savary-Gilliard (Cook Endoscopy), which are
tapered with a radiopaque marker at the base of the taper. These polyvinyl wire-
guided dilators have various diameters (5-20 mm or 15F-60F) and lengths (70
or 100 cm). They are safer and more effective than balloon dilators in the treat-
ment of consolidated and old cicatricial strictures and in cases of resistant esoph-
ageal narrowing due to, e.g., congenital esophageal stenosis (CES) with
cartilaginous remnants [38].

— Anmerican Dilation System dilators are similar but have a shorter taper tip and are
radiopaque throughout their length.

— Tucker dilators are especially useful in the treatment of tortuous strictures sec-
ondary to caustic ingestions [39]. These are small silicone bougies, tapered at
each end with loops that can be pulled antegrade or retrograde across very tight
strictures regardless of length. A gastrostomy is required for use. In very tight
strictures where there is the possibility of complete lumen occlusion, a string
must be maintained across the stricture emerging from both the nose and gastros-
tomy site between dilations. Tucker dilators range in size from 4 to 13.3 mm
(12F—40F).

1.4.6.2 Through-the-Scope Balloon
Balloon dilation can be performed in infants who will not tolerate a standard gastro-
scope by using a guidewire and over-the-wire dilation balloons (e.g., biliary dilation
balloons) under fluoroscopic guidance. Biliary dilation balloons are available in sizes
ranging from 4 to 10 mm with lengths from 2 to 8 cm and can be used with endoscopi-
cally placed 0.035-inch guidewires. The advantages of balloon dilators include the
radial force that is applied to the stenosis and the avoidance of the application of axial
force. Balloon dilators can be advanced through the endoscope channel and carefully
pushed forward into and through the stenosis under direct vision. Balloon dilators
may also be inserted, on the side of the endoscope itself or under fluoroscopic control,
over a guidewire that has previously been inserted through the scope [40].
Pneumatic dilation for treatment of achalasia in children is successfully per-

formed [41].

1.4.6.3 Esophageal Stents
There are no esophageal stents designed for pediatric use.
Two different strategies for stenting have been described.

— Rigid stent: the metal and plastic stents press against the esophageal wall, with
food and secretions that pass through the stent itself.

— Dynamic stent: a plastic or silicon tube fixed to a nasogastric tube. Food and
secretions passing repeatedly in the space between the stenosis and the stent
itself seem to effectively maintaining lumen patency [42].

The use of plastic and nitinol esophageal and airway stents has been reported in
treating recalcitrant esophageal strictures in children in case series [43]. The smaller
diameter (10-20 mm) and shorter length (20-80 mm) of the airway stents may
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make them more suitable in smaller patients [43, 44], such as endoscopic biliary
accessories safely used to dilate refractory esophageal strictures [45].

The choice of a particular stent must be based on the location and characteristics
of the stricture as well as the size of the patient.

1.5 Conclusion and Future Directions

Pediatric gastrointestinal endoscopy continues to evolve favorably, and provides a
safe and effective diagnostic tool. The most frequently performed procedures are
EGD and colonoscopy. Wireless capsule endoscopy or double-balloon enteroscopy
for investigation of the small intestine can be performed alternatively to magnetic
resonance enteroclysis, which remains the only choice in infants. Therapeutic pro-
cedures such as polypectomy, endoscopic hemostasis of gastrointestinal bleeding,
retrieval of foreign bodies, ERCP, or ligation of esophageal varices can also be
performed in infants.

Endoscopy is fundamental to the care of IBD: It is used to make an initial diag-
nosis, distinguish CD from ulcerative colitis, assess disease extent and activity,
monitor response to therapy, survey for dysplasia, and provide endoscopic treatment
such as ileocolonic dilation. A further application in pediatric IBD concerns the ileal
pouch endoscopy in patients with ulcerative colitis (UC) who require colectomy
(for the endoscopic and histological assessment of pouchitis, pouch leakage, or
other local disease), and colorectal cancer screening and surveillance, in patients
with long-standing UC and extensive CD colitis who are at risk for development of
dysplasia and colorectal cancer [37].

In recent years, the increased use of pediatric endoscopy in clinical practice is
stimulating industry to produce specific tools and accessories, although a greater
availability of pediatric instruments and accessories would be desirable.
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Bowel Preparation and Factors 2
Correlated with Patients and Parents

Claudio Romano and Valeria Dipasquale

2.1 Introduction

Colonoscopy is the current standard procedure performed in children to investigate
various gastrointestinal conditions. The diagnostic and therapeutic efficacy of colo-
noscopy greatly depends on the quality of the colonic cleansing or preparation [1].
Other procedures that require colonic preparation are video capsule endoscopy and,
more recently, double-balloon enteroscopy. Colonic cleansing for colonoscopy in
children should prioritize safety and palatability and take into consideration patient’s
age, clinics, and compliance [2]. To date, no identified standard practice exists, and
pediatric colonic cleansing regimens vary greatly among medical centers and indi-
vidual healthcare providers.

2.2 Bowel Preparation
2.2.1 Bowel Cleansing Solutions

The ideal solution for colonoscopy would clear the colon of all fecal material with
neither macroscopic nor microscopic alteration of the colonic mucosa; moreover, it
would avoid patient discomfort or fluid and electrolyte shifts and would also be
safe, tolerable, and inexpensive [3]. At present, various bowel cleansing solutions
are available for pediatric patients, but none of them present all these characteristics.
Laxatives are substances that stimulate defecation and soften hardened feces,
impacting on the transfer of fluid and electrolytes in the small and large intestine.
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Laxatives are usually administered orally for bowel preparation and, according to
their mode of action, are divided into stimulant and osmotic [3, 4].

Stimulant laxatives are represented by bisacodyl and senna. They have secretory
and prokinetic mechanisms of action and are usually administered at low dosages,
in association with other laxatives. Reported cleaning power is good, up to 92-93%
of cases along with other laxatives [5], especially polyethylene glycol-3350 (PEG-
3350), a specific PEG product. Nonetheless, they are poorly tolerable because of
colicky abdominal pain and/or electrolytes disturbances, especially if used in mono-
therapy at higher doses.

Osmotic laxatives that have been used in bowel preparation include magnesium
citrate, sodium phosphate, PEG-3350, and PEG with electrolytes (PEG-ELS) [3].
Magnesium citrate and sodium phosphate are hyperosmotic laxatives. They act
osmotically by determining the intraluminal fluid and electrolytes accumulation,
but also have a prokinetic mechanism of action by stimulating the action of chole-
cystokinin (CCK). Magnesium citrate alone or in combination with a stimulant or
PEG seems to be effective, but tolerance varies in the pediatric population. Use with
caution is recommended in renal failure, since magnesium is excreted via the kid-
neys. Sodium phosphate preparations use (oral or enema) is forbidden in patients
younger than age 18 years, because it can cause acute phosphate nephropathy with
acute and/or chronic tubular injury [6]. Hyperosmotic laxatives use is discouraged
in critical ill patient and inflammatory bowel disease (IBD) patient, since they carry
high risk of electrolytes disturbances. They can also alter colonic mucosa, resulting
in false mucosal injuries.

PEG-based solutions are isosmotic, nonabsorbable solutions, designed to pass
through the bowel without neither absorption nor secretion, with clinically insignifi-
cant electrolyte changes and less discomfort for the patient. Currently, different
PEG-based formulations are available. PEG-3350 has good tolerance and effective
cleansing power in up to 93% of cases [7]; it is recommended the combination with
electrolyte solutions to prevent electrolyte imbalance, since isosmotic preparations
that contain PEG are osmotically balanced with nonfermentable electrolyte solu-
tions. The use of PEG-ELS is one of the most common methods of cleansing the
colon in children [2]; it is safe in case of pre-existing electrolyte imbalances and
does not alter the histologic features of the colonic mucosa. For all these reasons it
may be safely used in patients with renal failure, congestive heart failure, and sus-
pected IBD [4]. Despite a good safety profile, 5-15% of patients do not complete
the preparation because of poor tolerance: responsible characteristics are the
unpleasant sulfate-associated taste and the large volume of fluids required (4 L have
traditionally been used to achieve a cathartic effect) [8], which can cause abdominal
fullness and cramping. PEG-ELS gut lavage via nasogastric (NG) tube is the most
effective method for colonic cleansing in infants and children. PEG-ELS is not
approved for children younger than 6 months [3].

Prepopik is another osmotic agent approved in 2012 in adults. It had been avail-
able and in use only in Canada, sold as Pico-Salax. Some studies have demonstrated
a good efficacy and tolerance profile in children too, also in comparison to PEG-
ELS [9, 10].
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Table 2.1 Clear liquids Clear liquids suggested Water
guidelines [3] Jell-O
Soda
Ice
Popsicles
Clear broth
Pedialyte
Clear juice drinks without pulp
Sports drink
Avoid Red liquids
Solid foods
Milk or milk products
Juice with pulp

2.2.2 Bowel Cleanout Regimens

Uniform standard protocols have not been generally accepted despite the thousands
of pediatric colonoscopies performed worldwide. Each gastroenterology program
generally elaborates its own unique protocol, which may differ from others. The
North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition
(NASPGHAN) Endoscopy and Procedures Committee, and the American Society
for Gastrointestinal Endoscopy (ASGE) Standards of Practice Committee reviewed
the literature data and evidence and suggested best practice recommendations [3, 4].
For infants younger than 2 years of age, ingestion of clear liquids for 24 h prior to
the examination and a normal saline solution enema (5 mL/kg) would be sufficient
[4, 11]. Recommended and forbidden liquids for bowel preparation are listed in
Table 2.1. For children older than 2 years of age, cleansing can be accomplished
with intestinal cleanout by using osmotic agents, such as PEG-based solutions with
and without electrolytes, dietary restrictions, stimulant laxatives, and/or enemas [3,
4]. PEG-ELS has to be used as the primary agent for bowel cleansing [2].
Administration via a NG tube in a hospital setting for 24 h before the procedure is a
safe and appropriate regimen, especially in children younger than 6 years of age [4,
11]. There is a wide range of PEG-based preparation regimens (Table 2.2). Several
studies have reported on the safety and efficacy of 4-day bowel preparations by
using PEG-3350 without electrolytes in children [12, 13]. Other studies have con-
cluded that both 2-day [5, 14, 15] and 1-day [7, 16, 17] preparations are safe and
effective. Low-volume PEG-ELS preparations have been formulated to provide a
more tolerable bowel preparation. To date, low-volume 2-L. PEG-ELS with ascorbic
acid is the only FDA-approved low-volume PEG-ELS preparation commercially
available. Adult studies have demonstrated an efficacy profile as good as that of
4-L-PEG-ELS [18]. Pediatric data are lacking.

Low-fiber diet for more than 24 h prior to the examination is not recommended
in adults. Similarly, the routine use of enemas and prokinetic agents (such as meto-
clopramide, domperidone) is not recommended to be added to oral bowel prepara-
tion. Simethicone addition is suggested in order to ameliorate visualization of the
mucosa. Data on children are not yet available [19].
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Table 2.2 Common PEG-based preparation regimens [4]

Dose and
Protocol ~ administration Diet Enema Comments
PEG-ELS 100 mL/year of Liberal until Only if no clear Poor palatability and
(short age/h for 4 h or cleansing evacuations are difficult to tolerate in
protocol) 20 mL/kg/h (max initiated (such as obtained up to  most children; NG tube
rate of 1 L/h) for 4 h the afternoon 1 h before administration should be
before), then procedure performed if requested
clears only until volume has not been
procedure assumed after 1 h
PEG-ELS 100 mL/year of Liberal until Only if no clear No pediatric trials
(long age/h over 24 h cleansing evacuations are

protocol) or 20 mL/kg/h (max initiated, then obtained up to
rate of 1 L/h) over  clears only until 1 h before

24 h procedure procedure
PEG-3350 1.5 g/kg/day (max  Liberal until day On the day No pediatric trials
(long dose: 100 g/day) before before
protocol)  over 4 day mixed in procedure, final procedure

a sports drink 24 h should be

clear fluids
PEG-3350 238 g OTC (255-g  Liberal until On the day No pediatric trials

(short prescription) in prep initiated, before
protocol) 1.9 L of a sports then clear procedure
drink over 24 h on  liquids only
the day before
procedure

2.3 Bowel Preparation Quality
2.3.1 Documentation of Preparation Quality

Preparation quality has to be properly documented in colonoscopy reports.
According to the U.S. Multi-Society Task Force on Colorectal Cancer, an examina-
tion is adequate when lesions other than small (5 mm) polyps are not obscured by
residual colonic materials [20]. In clinical practice, preparation quality should be
graded after efforts to remove residual effluent and fecal debris have been com-
pleted. Various validated scoring systems have been designed to rate the quality of
colonoscopy preparation in clinical trials; no validated pediatric colon cleanliness
index exists yet [2]. The Boston Bowel Preparation Score is currently the most used
and standardized, both valid and reliable [21]. It uses a 10-point (0-9) summation
score assessing bowel preparation quality in three segments of the colon after all
cleansing procedures during colonoscopy have been completed (Table 2.3).

2.3.2 Inadequate Bowel Preparation
An effective bowel preparation represents a fundamental requirement for the suc-

cess of colonoscopy. It allows: clear visualization of the colonic mucosa; detection
of even minor injuries; complete procedures, up to terminal ileum (for colonoscopy)
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Table 2.3 The Boston Bowel Preparation Scale [21]

Boston Bowel Preparation Scale 0 Unprepared colon segment with stool that cannot be
rating for each colon segment cleared
1 Portion of mucosa in segment seen after cleaning, but
other areas not seen because of retained material
2 Minor residual material after cleaning, but mucosa of
segment generally well seen
3 Entire mucosa of segment well seen after cleaning

Total score is calculated by adding the scores of the right, transverse, and left colon segments. The
total Boston Bowel Preparation Scale score ranges from 0 (very poor) to 9 (excellent).

and caecum (with video capsule endoscopy); safe therapeutic procedures (such as
polypectomy, hemostatic therapy, balloon dilation, and placement of percutaneous
endoscopic gastrostomy tubes). On the contrary, suboptimal colonoscopy exposes
to the risk of missed diagnosis, increased procedural time and risks, and increased
costs from repeated procedures. Suboptimal colonic preparation can occur in up to
one-third of colonoscopies [3]. In adult population, the most important predictor of
inadequate preparation is a previous inadequate preparation. Other independent fac-
tors that have been shown to predict poor colon preparation include later colonos-
copy starting time, failure to follow preparation instructions, hospitalized patients,
procedural indication of constipation, use of tricyclic antidepressants, male sex, and
a history of cirrhosis, stroke, or dementia. Obesity may also be a predictor of inad-
equate colon preparation [22, 23]. There is no standardized approach to an inade-
quately prepared colon discovered on intubation, and pediatric studies lack. Several
irrigation devices have been developed to allow more aggressive water instillation,
compared with standard irrigation pumps or syringe-based flushing [24]. In adults,
it is recommended to offer a repeat colonoscopy within 1 year [22].

24 Parents’ Preparation

In childhood, preparation for endoscopy requires attention to physiologic issues as
well as the emotional and psychosocial well-being of both patients and parents. As
with adults, anxiety about endoscopic procedures is frequent, because of the require-
ment of sedation or general anesthesia for pain, the potential for rare procedural
accidents such as bleeding or intestinal perforation, and discomfort associated with
the examination itself. Pain experience seems to be the most common concern of
pediatric patients, while the risk of procedural accidents related to the endoscopy is
parents’ one [25]. A preparatory intervention could be useful to reduce anxiety
experienced by both pediatric patients and parents. It has to include a thorough
explanation regarding specific concerns.

Conclusion

An effective bowel preparation is crucial to increase the success rate of colonos-
copy. PEG-ELS-based preparation is the primary agent for bowel cleansing, with
both good efficacy and safety profiles. Large volume of fluids (4 L) is required to
achieve a cathartic effect, so that administration via a nasogastric tube is often
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required in children. Low-volume 2-L PEG-ELS seems to have similar efficacy
profile, but further pediatric data are warranted. The Boston Bowel Preparation
Score is currently the most used index to rate the quality of bowel preparation
before colonoscopy.
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3.1 Introduction

Gastrointestinal endoscopic procedures are fundamental to the assessment and
treatment of a variety of gastrointestinal diseases. In pediatrics, anesthesia or deep
sedation is almost always necessary to ensure patient safety, comfort, and coopera-
tion [1]. Effective and safe sedation for pediatric endoscopic procedures is a non-
negotiable pre-requisite. It mostly depends on the professional skills of the medical
and nursing team, the appropriate selection and preparation of the patient, and the
adequate management of pain by the use of analgesia.

3.2  Anesthesiologists Versus Non-anesthesiologists

General anesthesia by a multidisciplinary team led by an anesthesiologist is pre-
ferred. General anesthesia is possible not in all centers because of the limited avail-
ability of anesthesiologists. In many European countries and in parts of the United
States, anesthesia departments cannot cope with the rising demands [2], and most
pediatric gastroenterologists are well trained and certified to provide moderate seda-
tion without anesthetic teams, in conformity with national and institutional regula-
tions. Almost all gastrointestinal endoscopic procedures are performed while using
either endoscopist-administered moderate sedation or anesthesiologist-administered
deep sedation and general anesthesia [1, 3].

The choice depends on many patient- and procedure-related factors. Of great
importance is the physical status assessment as codified by the American Society of
Anesthesiology (ASA) (Table 3.1) [4]. If the child fits to ASA class I or II, sedation
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Table 3.1 American Society of Anesthesiology physical status classification [4]
Suitability for

Class Description sedation

I A normally healthy patient Excellent

1T A patient with mild systemic disease Generally good

1T A patient with severe systemic disease Intermediate to poor

v A patient with severe systemic disease that is a constant threat to life Poor

v A moribund patient who is not expected to survive without the Extremely poor
operation

VI A declared brain-dead patient whose organs are being removed /

for donor purposes

can be performed safely; if the child fits in ASA class III, the benefits of sedation
should be carefully weighed against the risk, and anesthesiologist-administered
sedation will be preferred. Children in ASA class IV and V must be anesthetized by
anesthesiologists.

During the last 10 years many experiences have been reported in adult patients,
and reports in children are rising [5]. This situation still remains not ideal and
requires future actions to increase the number of anesthesiologists.

3.3  Preparation for Sedation

According to the American Academy of Pediatrics (AAP), health evaluation should
be obtained before sedation and include health history, American Society of
Anesthesiology score of physical status, medication history, allergy assessment, age,
weight, and baseline vital signs (Table 3.2) [6]. Such an evaluation seems to lower
the risk of sedation-related complications [7]. A physical exam including the assess-
ment of the heart, circulation, lungs, head, neck, and airway should be performed [6].
Laboratory tests are not required if no specific clinical indications are present.
Antibiotic prophylaxis is not necessary for routine endoscopy, even with biopsy [6].

Fast is recommended for a minimum of 2 h from clear liquids, 4 h from breast
milk, and 6 h from formula, nonhuman milk and solids before elective sedation [6].
Fast for younger children should be planned with more caution.

Endoscopic procedures should be discussed with parents and children, if
emotionally and intellectually competent enough [5]. Premedication with mid-
azolam may be useful for easier intravenous catheter placement and easier
separation from parents. Such a premedication procedure is both effective and
safe, and both oral and intranasal administration are allowed, even if the last
one may cause local discomfort. Intravenous catheter placement is important
and should always be secured for administration of sedatives and analgesics
(other sedation regimens are less well documented) and intra-procedural emer-
gency events [2, 6].

The AAP recommends continuous pulse oximetry, heart rate and arterial blood
pressure monitoring at all levels of sedation [6]. Equipment and supplies for resus-
citation should be readily available in any pediatric endoscopy room [5, 8]. The
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Table 3.2 Checklist of child’s preparation before elective sedation [5]

Preparation Comment
Planning of the procedure Understanding Explanation of aims and risks
Informed consent Signed by parents
Presedation assessment Comorbidity
ASA score (Table 3.1)
Drugs
Coagulation
Previous adverse events to sedation/
anesthesia
Specific contraindications for the
planned sedation
Preparation on the day of Allergies
procedure The need of antibiotic prophylaxis
Laboratory tests before the procedure
Additional important data
Precise instructions Fasting time, colon cleansing, etc.
Focused history Current health state
Infectious diseases
Epidemiologic situation
Fasting
Allergy
Specific contraindications for the
planned sedation

Complete physical Focus on respiratory and
examination cardiovascular systems
Measurement of baseline  Arterial blood pressure
vital signs Heart rate

Pulse oximetry
Laboratory tests If needed

ASA American Society of Anesthesiology

personnel have to be trained in pediatric advanced life support maneuvers and have
to be ready to face any scenery of complications [1].

3.4 Sedatives for Pediatric Gastrointestinal Endoscopy

The choice of sedatives for pediatric gastrointestinal endoscopy is wide, but affected
by two main problems: none of the sedatives commercially available has all the prop-
erties of an ideal sedative; the use of many sedatives is “off-label” for children, and
medicolegal consequences have to be considered in case of adverse events [5]. The
ideal sedative has the following characteristics: predictable dose-dependent level of
sedation, rapid onset, broad therapeutic window, anxyolytic effect with anterograde
amnesia, absence of undesirable effects, and comfortable recovery without side
effects. Literature data propose different molecules, administered either intrave-
nously or orally (Table 3.3). Propofol seems to have the best efficacy and safety
profile. Three sedation protocols for pediatric gastrointestinal endoscopy have been
recently proposed [5].
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Table 3.3 Sedatives for pediatric gastrointestinal endoscopy sedation [5]

Generic Mechanism(s) of Time to start/
name action Undesirable effect Dosage duration
Propofol GABA receptor Respiratory <3 years: 2 mg/ 1-2 min/5—
agonist; sedation, depression, apnoea, kg; older 15 min
hypnosis, amnesia  hypotension, painful  children: 1 mg/
injection kg
Ketamine  Binds to the NMDA Laryngospasm, 1-1.5 mg/kg 1-5 min/15 min
receptors; hypertension,
anesthesia, tachycardia,
analgesia, amnesia, hypersalivation,
sedation, vomiting, random
immobilization movements,
emergence phenomena
Midazolam GABA receptor Respiratory <S5 years: 2-3 min/45—
agonist; anterograde depression, 0.05-0.1 mg/kg 60 min
amnesia, anxiolysis, hypotension, 6-12 years:
sedation, hypnosis  paradoxical agitation  0.025-0.05 mg/
kg
>12 years:
2-2.5 mg/kg
Fentanyl Opioid receptors Respiratory 1-2 mcg/kg 0.5 min/20-
agonist; analgesia  depression, 40 min
and sedation hypotension
Sevoflurane Inhalation Recovery agitation, Different
anesthetic bradycardia, concentrations
hypotension, cough, according to the
vomiting, seizures age
Nitrous Inhalation Vomiting, dizziness, Mixture of 0.5—-1 min/5 min
oxide anesthetic voice change, nitrous oxide
euphoria, laughter (50%) and
oxygen

GABA Gamma-aminobutyric acid; NMDA N-methyl-D-aspartate

3.4.1 Propofol

Propofol is an anesthetic that exerts its sedative effect by an agonistic action on
gamma-aminobutyric acid (GABA) receptors. It is a rapid onset and short-acting
anesthetic with a narrow therapeutic range. Propofol has no analgesic properties, so
that for painful procedures an analgesic must be added [9]. Propofol is contraindi-
cated in infants younger than 1 month [10]. The usual loading dose of propofol is
2 mg/kg in infants and children younger than 3 years, and 1 mg/kg in older children;
subsequent boluses of 1 mg/kg for younger, or 0.5 mg/kg for older children, may be
added to ensure the adequate level of sedation. For longer procedures, propofol may
be administered in a continuous infusion [9]. To date, propofol is the most promis-
ing sedative/anesthetic. The largest multicenter prospective study of propofol seda-
tion for different pediatric procedures evaluated the data of 49,836 propofol sedation
episodes and showed that propofol-based sedation is the safest sedation practice for
children [8]. Pulmonary aspiration of gastric fluid secondary to vomiting during
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sedation occurred in four patients, while less serious adverse events occurred with
an incidence lower than 150/10000 procedures: desaturation (154), central apnea or
upper airway obstruction (124), stridor (10), laryngospasm (20), excessive saliva-
tion (73), and vomiting (10). Propofol is rarely used by non-anesthesiologists since
the administration of propofol is “off-label” in most cases.

3.4.2 Ketamine

Ketamine is a dissociative anesthetic and analgesic, with an antagonistic action
on N-methyl-D-aspartate channel [11]. The usual dose of ketamine is 1-2 mg/kg,
administered by slow intravenous injection. The sedative effect lasts 10—15 min.
Repeated boluses of 0.5 mg/kg prolong its action. The most frequent undesirable
effects are vomiting, hypersalivation, nystagmus, hypertension, tachycardia, skin
erythema, and emergence phenomena, such as floating sensations, blurred
visions, hallucinations, and delirium. Laryngospasm is uncommon. The anticho-
linergics could be used to prevent hypersalivation [12], but are no longer rou-
tinely recommended [5]. Ondansetron prevents vomiting in some patients [13]; it
is administered intravenously at 0.1 mg/kg up to a maximum of 2 mg, with a
rapid onset of action in 1-3 min. Ketamine-based sedation is safe and effective
in otherwise healthy infants older than 3 months. It is contraindicated in infants
younger than 3 months, patients with psychosis, uncontrollable hypertension or
hyperthyroidism [5].

3.4.3 Benzodiazepines and Opioids

Midazolam is a short-acting benzodiazepine which is widely used for sedation. It
acts as an agonist on GABA receptors, and has anxiolytic, amnesic, sedative, hyp-
notic, muscle relaxant, and anticonvulsant properties [9]. Midazolam is often
administered in combination with opioids, especially meperidine, since monother-
apy regimen is not sufficient [5]. Studies on adults have shown that sedation with
the combination of midazolam and meperidine is safe [14], but no pediatric data are
available. The anxiolytic property of midazolam may be useful as premedication,
for instance before the placement of an intravenous line. The major undesirable
effects are respiratory depression and hypotension, which are avoidable with appro-
priate dosing and are reversed by the antagonist flumazenil [9].

Opioids are potent analgesics; the most suitable for sedation is fentanyl, because
of rapid onset and short action. Fentanyl must be combined with benzodiazepines,
as it has no sedation properties. The combination increases the risk of respiratory
depression [9]. Fentanyl is usually administered at 1-2 pg/kg. The analgesic effect
lasts 20—40 min. Naloxone reverses opioid side effects and normalizes airway func-
tion within 1-2 min of application of 0.1 mg/kg (up to 2 mg) intravenous or intra-
muscular. Its action lasts for 20—40 min; repeated doses might be needed as most
opioids (including fentanyl) action lasts longer [9].
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3.4.4 Inhalation Anesthetics

Inhalational anesthetics are represented by sevoflurane and nitrous oxide.
Sevoflurane has a good safety profile (low incidence of airway hypersecretion,
respiratory depression, or cardiovascular complications) [15], and a shorter recov-
ery time. Nonetheless, its use is limited to anesthesiologists [5, 15]. Nitrous oxide is
an inert gas with analgesic, sedative and amnesic properties, and a short duration. In
adults, nitrous oxide has been used successfully for proctoscopies and colonosco-
pies. Michaud et al. [16] reported a good experience with 50% nitrous oxide for
gastroscopies and proctosigmoidoscopies in children. They did not evaluate it for
ileo-colonoscopy nor compare this type of sedation to other protocols [16]. No
newer studies have been carried out on nitrous oxide sedation for gastrointestinal
endoscopy in children. It is not routinely recommended in pediatric gastrointestinal
endoscopy.

Conclusion

The wide diffusion of diagnostic and therapeutic endoscopic procedures in chil-
dren has raised the attention on the sedation and analgesia protocols. Propofol
offers the best balance between efficacy and safety, but its administration is
mostly “off-label” for non-anesthesiologists; ketamine and a combination of a
benzodiazepine and an opioid are more frequently used for pediatric patients.
General anesthesia by a multidisciplinary team led by an anesthesiologist should
be preferred. Because of the shortness of anesthesiologists, the creation of seda-
tion teams led by non-anesthesiologists may represent a valid alternative, to be
designed in line with national and institutional regulations. The presence of anes-
thesiologist remains mandatory in case of deep sedation and rescue procedures.
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Early Onset IBD: Endoscopic Features 4

Serena Arrigo, Sara Signa, and Arrigo Barabino

4.1 Introduction
4.1.1 Definition of Very Early Onset IBD (VEOIBD)

Pediatric onset IBD represents 20-25% of cases of IBD [1]. Age of onset provides
information about the type of IBD and its associated genetic features, and led to
changes in the classification of pediatric IBD. The Montreal classification [2] origi-
nally defined patients with onset of <17 years as a distinct group of pediatric onset
IBD patients (A1l). The Pediatric Paris modification [3] of the Montreal classifica-
tion later subdivided pediatric IBD in two age groups: those aged 10—16 years (A1b)
and those under 10 years (Ala), named early onset IBD, with unique characteristics.
In the last years, an increasing body of evidence is suggesting that children with
IBD onset at 0—6 years represent a distinct group of pediatric patients. This age
group (some use 0—6 and some 0-5 years as the corresponding cutoff) is named very
early onset IBD (VEOIBD), of whom 0-2 years should be termed infantile IBD [4].
An extreme early subgroup, defined neonatal IBD, has been described with severe
manifestations during the first 27 days of life [5].

The prevalence of VEOIBD varies among different studies, ranging from 3 to 15%
of all pediatric IBD [1, 4, 6]. The prevalence of infantile IBD is lower (1-2%) [1].

Clinical pattern of VEOIBD, in particular infantile IBD, differs from older onset
IBD (Table 4.1). Isolated pancolitis, increased severity, aggressive progression,
more resistant to many of standard therapy, about 25% has underlying immunodefi-
ciency, stronger family history of IBD are the main characteristics [7]. Genetic sus-
ceptibility plays an important role in VEOIBD and addresses the need to recognize
monogenic disorders that require different treatment.
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Table 4.1 Features of very early onset and older onset inflammatory bowel disease [6]

VEOIBD Older onset (>6 year IBD)
Disease distribution Predominately colonic Ileal Ileocolonic
involvement <20% Less extensive disease at
Extensive disease at presentation presentation
Disease histology CD: 30-35% CD: 55-60%
UC: 35-39% UC: 40-45%
1C: 11-22% IC: 4-10%

Positive familiar history
Genetic analysis

About 40-50%; consanguinity
Increased prevalence of monogenic
disorders in <2 years

About 10-20%
Polygenic inheritance

Response to Decreased Variable
conventional therapy
Needs of surgery 1% 55%

4.2 Endoscopic and Histologic Features
Diagnostic workout and criteria of VEOIBD are the same used for the other pediat-
ric IBD, according to the revised Porto criteria [8] and Paris classification [3].

In particular, Crohn’s disease (CD) is defined by the presence of: (1) epithelioid cell
granuloma in any one biopsy; (2) in the absence of granuloma, typical endoscopic CD
lesions, such as aphthous or deep ulcerations with skip lesions all along the gastrointes-
tinal tract and/or segmental small intestinal findings; (3) perianal disease; and (4) trans-
mural inflammation such as structuring of fistulizing disease. Ulcerative colitis (UC) is
defined as continuous disease from the rectum confined to the colon with typical histol-
ogy. The rectal sparing is diagnostic for UC if it is macroscopic but not microscopic. An
inverse correlation between age of onset and frequency of rectal sparing is described [8].

Pediatric IBD often presents as unspecific intestinal inflammation encompassing
endoscopic and histological features of both CD and UC [6]. All cases of isolated
colitis that could not definitively be declared as CD or UC are defined as IBD-U
with features of CD (CD-like) or of UC (UC-like). UC phenotypes could evolve into
CD disease. VEOIBD patients are more likely to have their initial diagnosis change
throughout their course of illness [9].

All different reports describe a predominant isolated colonic disease at the diag-
nosis [4, 10]. VEOIBD are more commonly diagnosed with UC (35-59%) as com-
pared to older onset IBD, in which CD is more prevalent (55-60%). The UC
extension is similar in the two age groups. Approximately 30-35% of VEOIBD
patients are diagnosed with CD, with a colonic involvement, in contrast with older
children and adults who have a predominant small bowel or ileocecal disease.
IBD-U is diagnosed more often in patients with VEOIBD (11-22%) and declined
progressively with increasing age (4—10% in older IBD) [6, 11-15]. It is reported
that approximately one fifth of children with IBD under 6 and one third of children
with IBD under 3 years of age are labeled as IBD-U, reflecting the aspecificity of
clinical, endoscopic and histological findings, as well as a potential bias due to
incomplete diagnostic workup in very young children [1].
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Infantile IBD is always more commonly restricted to the colon, with high rate of
IBD-U (such as 34%, even 71%) [4] and CD-like phenotype [11, 12, 16]. Some
authors reported UC also in the first 2 years of life [17].

The presence of eosinophilic infiltrate in the colonic mucosa sometimes repre-
sents an isolated and early sign of inflammatory colitis and misleads the diagnosis,
since it is present also in other conditions such as allergic colitis due to cow milk
allergy, the most common cause of rectal bleeding in the first year of age [1, 18].
Two studies reported a diagnostic delay of at least 6 months in VEOIBD [16].

Neonatal IBD is a very rare intractable ulcerating enterocolitis of infancy [5],
first described in 1991 by Sanderson.’ Inflammation is transmural and pan-enteric,
typically with well-circumscribed, deep flat ulceration of the mucosa, often associ-
ated to a severe perianal disease and a poor outcome. All described patients had
immunological abnormalities, underwent immunosuppressive therapy and colec-
tomy to control symptoms and one third of them developed subsequently a lym-
phoma. A high incidence of consanguinity is reported.

4.3 Endoscopy and Primary Immunodeficiencies (PID)

Gastrointestinal inflammation due to immune dysregulation can be the initial or
leading symptom of PID. In other cases, IBD is the result of an increased suscepti-
bility for infections. The majority of severe PID manifests during early childhood
[19]. Over 50 genetic disorders have been identified and associated with IBD-like
immunopathology, named monogenic IBD [1].

Defects in every aspect of the immune system, such as neutrophils, T-cell and B-cell
lymphocytes, and macrophages, are associated with VEOIBD. Also non-
lymphohematopoietic defects with primary defects in enterocytes can also lead IBD-
like manifestations. Based on the pathophysiology, VEOIBD can be categorized as [18]:

— Defects in T-cell immune tolerance (IPEX and IPEX-like disorders).

— Defects in IL-10/IL-10 receptor (R) signaling.

— Hyperinflammatory and autoinflammatory disorders (mevalonate kinase defi-
ciency, familial mediterranean fever, XIAP deficiency).

— Defects in neutrophil function (chronic granulomatous disease—CGD; glycogen
storage disease type-1b, leucocyte-adhesion deficiency syndromes).

— Defects in epithelial barrier function (NEMO, ADAM17, TTC7A deficiency).

— Isolated or combined T-cell and B-cell defects (common variable immunodefi-
ciency—CVID, hyper-immunoglobulin M syndrome, Hyper IgE syndrome and
agammaglobulinemia, Wiskott—Aldrich syndrome—WAS).

IBD in PID are endoscopically and histologically poorly characterized. The few
existing case reports show very heterogeneous manifestations of intestinal inflamma-
tion which in most cases does not allow a PID diagnosis by itself. The gut endoscopy
in polygenic IBD versus monogenic IBD due to PID are indistinguishable. Also,
histological findings do generally not allow differentiation between the entities [1].
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Table 4.2 When to suspect PID (adapted from [1, 19])

Very early onset PID with IBD phenotype mainly manifest in very early onset,
particularly less than 2 years

Family history Above all consanguinity, predominance of affected males or
multiple family members

Severe disease Severe disease, severe perianal disease, necessity of parenteral
nutrition, steroids, complications, and therapy refractory course

Atypical endoscopic or Atypical macroscopic and microscopic findings, e.g., non-celiac

histopathologic findings villous atrophy or lacking plasma or extreme epithelial apoptosis

Extraintestinal Hair/nail/skin dystrophy, granuloma, autoimmunity, tumors

manifestations

Recurrent or unusual Many PID show an increased susceptibility for severe, prolonged,

infections opportunistic or recurrent infections and fever or macrophage
activation syndrome

Abnormal blood tests Neutro-/lymphopenia, reduced mean platelet volume (MPV),

abnormal immunoglobulin levels or lymphocyte subsets

Endoscopy can show a severe ulcerative inflammation in the colon mimicking
CD in some cases of NEMO and LBRA deficiency, in about 40% of patients with
CGD, and in about 20% of XIAP deficiency. NCF2 deficiency is a variant of CGD
and can appear with an infantile colitis, severe fistulizing perianal and structuring
disease. IBD-like features above all CD-like are described in glycogen storage dis-
ease type 1b. A IL-10/IL-10R deficiency causes an infantile severe discontinuous
ulcerative IBD (colitis or ileocolitis) with pronounced perianal disease and fistulas.
Histology shows granulomas (often multiple, well-formed and with no inflamma-
tory change), pigmented macrophages and nonspecific chronic inflammation above
all the colon in CGD, crypt abscesses indistinct from IBD and sometimes apoptosis
in XIAP, abscesses and granulomas or nonspecific neutrophilic infiltrate in IL-10/
IL-10R defects [6, 19]. Villous atrophy may be present in NEMO deficiency [6]. In
TTC7A, varying degrees of intestinal atresia are reported.

In WAS are described CD-like process with cobblestone appearance and inflam-
matory pseudopolyps as well UC-like features [6].

CVID can cause aphthous lesions in the colon and histological autoimmune coli-
tis with multiple apoptosis and cryptitis and typical low or absence of plasma cells.
Enteropathy with villous atrophy, mimicking celiac disease, with low or absent
plasma cells can be associated [19].

Villous atrophy with lymphocytic and eosinophilic infiltration, apoptosis of epi-
thelial cells and antienterocyte antibodies is present in IPEX (-like) enteropathy,
mimicking a graft-versus-host disease and autoimmune enteropathy [6, 19]. Colitis
with bloody diarrhea can be associated [6].

In summary, endoscopic and histological features of PID-associated IBD are
insufficient to either confirm or exclude an underlying PID, but play a central role
in characterizing the suspected PID and determine the extension and severity of the
IBD [19].

Anamnestic and clinical data and immunologic laboratory tests are of paramount
importance for the diagnostic workup (Table 4.2). Despite not routinary, genetic
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screening using next-generation sequencing (NGS) and/or whole-exome sequenc-
ing (WES) represents an important tool to identify the monogenic defect [1, 20, 21].

4.4 Clinical Presentation and Course of VEOIBD

Rectal bleeding and bloody diarrhea are the most common symptoms at VEOIBD
diagnosis, reflecting a colonic location [4]. Abdominal pain seems to be less com-
mon than older IBD. Significant weight loss and systemic symptoms like recurrent
fever are prevalent in younger and in CD and IBD-U phenotype. Perianal disease
could be present at the diagnosis, with perineal erythema, fissures, and voluminous
tags until fistula and abscess. An acronym used to remember all the clinical key
features that may lead to a diagnosis of PID is YOUNG AGE MATTERS MOST
[1]: YOUNG AGE onset, Multiple family members and consanguinity,
Autoimmunity, Thriving failure, Treatment with conventional medication fails,
Endocrine concerns, Recurrent infections or unexplained fever, Severe perianal dis-
ease, Macrophage activation syndrome and hemophagocytic lymphohistiocytosis,
Obstruction and atresia of intestine, Skin lesions and dental and hair abnormalities,
and Tumors [1, 19, 22].

Extraintestinal manifestation rates at diagnosis are similar between VEOIBD,
EOIBD, and older groups [23, 24].

Pediatric Ulcerative Colitis Activity Index (PUCALI) and Pediatric Crohn Disease
Activity Index (PCDAI) are useful tools also in very young children [23]. ANCA
and ASCA are not helpful in the diagnosis of VEOIBD, in contrast to older children
with IBD [12].

In children younger of 1 year of age, colitis can have an insidious course variable
from mild symptoms to severe colitis [18]. In this age, cow’s milk protein allergy is
common and a trial of elimination diet is a customary treatment [1, 17]. However,
food intolerance and allergy can be secondary to the disorder and allergen avoid-
ance could also alleviate the inflammation of classic IBD [1]. A diagnosis of infan-
tile IBD should be considered in the absence of response to dietary modification and
profound impact of the disease on weight and growth, as well as in the presence of
other IBD-associated features such as perianal involvement [16].

Treatment for VEOIBD is the same as that given to adolescents and adults with
IBD (e.g., anti-inflammatory agents, immunomodulators, biologics, antibiotics, and
surgical approaches) [7]. The clinical course of VEOIBD patients can be either
refractory or responsive also to first-line treatment, such as mesalamine [4, 25].

The majority of patients with the IBD onset in the first 1-2 years of age can have
a serious evolution requiring parenteral nutrition, early use of immunosuppressors
and until one third of them requires surgical treatment, as colectomy or ileal diver-
sion to control the disease [26]. It is important to have a high index of suspicion for
monogenic forms in VEOIBD because the likelihood is estimated as high as
25-30%, especially in the infantile IBD, in severe cases and in significant perianal
disease [4]. Identification of a specific monogenic defect might lead to more of a
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precision medicine approach, including stem-cell transplantation (HSCT), antibiot-
ics, abatacept therapy, or other therapies [7].

Conclusions

VEOIBD refers to a subgroup of pediatric IBD diagnosed before 6 years of age.
This subgroup differs from adolescent and adult disease as it is usually restricted
to the colon and refractory to medical treatments. Nonetheless, not all VEOIBD
has a poor prognosis.

Up to 25% of VEOIBD has an identified underlying immunodeficiency, espe-
cially in case of: age onset less 2 years (infantile IBD), aggressive course and
progression, resistance to medical treatment, strong family history of IBD, and
other specific features as infections. Specific mutations in IL-10/IL-10R, NCF2,
XIAP, FOXP3, LRBA, ADAM17, and TTC7A have been identified.

The detection of PID opens the way to more targeted therapy, such as HSCT,
and assesses the prognosis. To date, genetic screening (NGS, WES, and even
whole genome sequencing) can help in the identification of an underlying genetic
defect.

Unless the patient clearly has one of the rare mutations mentioned above,
treatment for VEOIBD is the same of older onset disease.
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Esophagogastroduodenoscopy 5
and lleocolonoscopy

Massimo Martinelli, Caterina Strisciuglio,
and Erasmo Miele

5.1 Introduction

Ileocolonoscopy and esophagogastroduodenoscopy (EGD) are recommended as the
initial workup for all children with suspected IBD [1]. Endoscopy remains the cor-
ner stone in the diagnosis and management of IBD, with several endpoints: (a) dif-
ferential diagnosis between IBD and other conditions, and between Crohn’s disease
(CD) and ulcerative colitis (UC) (2); (b) assessing disease location and extent, and
efficacy of medical therapy; (c) risk for postsurgical recurrence monitoring; (d)
therapeutic role, in case of strictures and bleeding; and (e) cancer surveillance.

5.2  Upper Gastrointestinal Endoscopy

EGD should be performed as part of the first-line investigation in all cases of sus-
pected IBD [1, 2]. Multiple biopsies (2 or more) per section from the esophagus,
stomach, and duodenum should be obtained, even in the absence of macroscopic
lesions. Absence of specific upper gastrointestinal symptoms, such as dysphagia,
pain when eating, nausea and/or vomiting, and aphthous lesions of the mouth, does
not preclude the presence of upper gastrointestinal inflammation [3].
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5.2.1 Crohn’s Disease

UGI involvement seems to be more common in children with CD, when compared
to adult CD patients. The Paris classification, validated in 2011 from Montreal clas-
sification, introduced the separation within L4 class in patients with an upper gas-
trointestinal (UGI) involvement proximal (L4a) or distal to Treitz ligament (L4b)
[4] (Table 5.1). Macroscopic UGI lesions are reported in 2.4—8.8% CD adult patients
[5-7]. Data from the German-language CEDATA-GPGE registry, including 616
children with CD, showed lesions in the UGI tract in approximately half of patients,
and 7.2% of them had also an involvement of the small intestine [8]. Similarly, the
EUROKIDS Registry, an inception cohort including 1811 untreated pediatric IBD
patients evaluated at diagnosis, reported a macroscopic involvement of the UGI
tract in 35% of CD children, of whom 24% were specific for CD (aphthae, ulcer-
ations, cobblestoning, and stenosis) [9]. Endoscopic findings in UGI in patients
with CD are reported in Table 5.2.

Microscopic mucosal lesions have been reported in biopsies from the UGI in
64-90% of patients with CD and in 38—-70% of patients with UC [10]. The isolated
detection of epithelioid granulomas, the histological hallmark of gastric CD, in
pediatric patients with CD, ranges from 2 to 21% [11]. Other histological findings
are nonspecific and not helpful in discriminating CD from UC. Focally enhanced
gastritis (FEG), characterized by a focal pit or gland inflammation consisting of
lymphocytes and macrophage resulting in epithelial injury, and focal cryptitis of the
duodenum are significantly more present in patients with CD compared with
children with non-IBD, but not with children with UC [10, 12]. Among CD patients,
FEG seems to be more common in younger patients with peak in the 5-10-year-old
age group [13].

Table 5.1 Paris classifica- Age at diagnosis
tion for pediatric Crohn’s Ala: 0—<10 year
disease Alb: 10—<17 year
A2: 1740 year
Location
L1: distal 1/3 ileal + limited cecal disease
L2: colonic
L3: ileocolonic
L4a: upper disease proximal to ligament of Treitz
L4b: upper disease distal to ligament of Treitz and
proximal to distal 1/3 ileum
Behavior
B1: non-stricturing non-penetrating
B2: stricturing
B3: penetrating
B2 B3: both penetrating and stricturing disease,
either at the same or different times
p: perianal disease modifier
Growth
GO: no evidence of growth delay
G1: growth delay
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Table 5.2 Endoscopic Esophagus Erythema

findings of the upper GI tract Erosions

in Crohn’s disease Ulcers
Polypoid lesions
Pseudomembranous formations
Strictures
Mucosal bridges
Perforations
Fistulas

Stomach and duodenum  Superficial ulcers

Aphthous ulcers
Linear ulcers
Serpiginous ulcers
Nodularity
Cobblestone appearance
Rigidity of the GI wall
Narrowing of the lumen

5.2.2 Ulcerative Colitis

The revised Porto criteria have recently added UGI involvement within UC pheno-
types [1]. Several studies have demonstrated that macroscopic and histological
lesions in UGI are present both in pediatric and adult patients with UC [11, 14-17]
(Fig. 5.1a, b). Mild ulceration and microscopic involvement of the UGI are reported
in 4-8% of pediatric and adult UC patients [18]. The EUROKIDS Registry showed
that UGI involvement occurred in 4% of UC children. Erosions in the stomach were
present in 3.1% of UC children, while frank ulcerations in 0.4%; erosions or ulcer-
ations limited to the esophagus or duodenum were detected in 0.8% [8].

5.3 Lower Endoscopy

Ileocolonoscopy represents the most powerful diagnostic tool for suspected IBD. On
the basis of the revised Porto criteria and the ECCO-based consensus for endoscopy
in IBD, ileocolonoscopy with biopsies is the preferred procedure to establish the
diagnosis and extent of disease [1, 19]. It is recommended to perform it soon after
patient referral and possibly before the initiation of any medical treatment [1, 19].

5.3.1 Crohn’s Disease

5.3.1.1 Diagnosis

The classical macroscopic pattern of pediatric CD is characterized by the patchy
distribution of inflammation with skip lesions (areas of inflammation interposed
between normal appearing mucosa), aphthous ulcers, and cobblestoning
(Fig. 5.2) [19]. Aphthous ulcerations are usually the earliest lesions [20], and
together with the evidence of linear or serpiginous ulcers the diagnosis of CD
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Fig.5.1 (a) Evidence of
gastritis in the body and
(b) in the fundus of
children affected by
ulcerative colitis

should be strongly suspected. Cobblestoning derives from interception of long
ulcerative and large tortuous lesions with areas of thickened mucosa within it [1].
About the vascular pattern, CD children usually show a patchy involvement of
vascular architecture, with normal areas surrounded by areas characterized by
the total absence of vessels [19]. The evidence of strictures or fistulas during the
performance of ileocolonoscopy should be considered as an almost pathogno-
monic CD sign [1].

5.3.1.2 Disease Location and Extent

The current accepted classification for location and extent of disease is the Paris
classification (Table 5.1) [4]. Pediatric Crohn’s disease is divided in: ileal (L1),
colonic (L2), ileocolonic (L3), and UGI involvement (L4a and L4b). As in adults,
pediatric CD may involve any area of the GI tract but, differently from adults, the
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Fig. 5.2 Endoscopic
features of Crohn’s
disease

main CD presentation in pediatric age remains still the ileocolonic involvement
(53%) [21]. In younger patients, particularly those <2 years of age in whom colonic
disease is prominent, differential diagnosis with UC is usually more difficult, with
a higher number of IBD-unclassified diagnosis [1].

5.3.2 Ulcerative Colitis

5.3.2.1 Diagnosis

UC endoscopic classical pattern is characterized also in pediatric age by erythema and
vascular congestion. The mucosa is typically very friable and easily bleeding at minor
contact on various degrees, depending on the activity of disease and leading to the
formation of ulcers (Fig. 5.3) [1, 20]. A classical “granular’” appearance may be iden-
tified when edema is prominent. Mucosal atrophy may be identified as a consequence
of chronic inflammation and is thought to be a possible trigger of pseudopolyps.
Pseudopolyps represent another UC landmark, caused by the attempt of regeneration
of previously ulcerated areas. It usually appears as long, fingerlike projections, with
different shapes. It is usually recommended to obtain biopsies from them, although
they are not classically associated with malignancies [19]. As described in the revised
Porto criteria [1], atypical endoscopic patterns exist. The main atypical UC morphol-
ogy may be found in children presenting with the “so-called” Acute Severe colitis
(ASC) [1]. The severity of inflammation leads to a transmural involvement and to the
formation of deep ulcers [1], easily misdiagnosed with Crohn’s colitis.

5.3.2.2 Disease Location and Extent

UC has typically been described as a chronic continuous mucosal inflammation
within the colonic segments. On the basis of the recent Paris classification, pediat-
ric UC inflammation may be confined to the rectum (proctitis), from the rectum up
to the splenic flexure (left-side colitis), beyond the splenic flexure (extensive
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Fig. 5.3 Endoscopic
features of severe
ulcerative colitis

Table 5.3 Paris classifica- Extent of disease
tion for pediatric ulcerative E1: ulcerative proctitis
colitis E2: left-side colitis (distal to splenic flexure)

E3: extensive colitis (distal to hepatic flexure)

E4: pancolitis (proximal to hepatic flexure)
Severity of disease

SO: never severe

S1% severe

aSevere defined by Pediatric Ulcerative Colitis
Activity Index (PUCAI)

colitis), or may include the entire colon (pancolitis) [4] (Table 5.3). The recently
revised Porto criteria have shed light on atypical pediatric UC locations [1], among
which rectal sparing and cecal patch are the best known [1]. Rectal sparing is char-
acterized by a various colonic involvement, with the sparing of rectal tract. In chil-
dren, it has been reported in 5-30% at diagnosis, and it is usually more frequent
among younger children [9, 22]. In adult UC, it has generally been associated to the
use of topical therapy [23]. Cecal patch has been described in 2% of UC children
at diagnosis [9] and is characterized by the concomitant presence of a mild degree
of inflammation in left-sided colon and in cecum, classically around the periap-
pendiceal region.

54  Follow-Up

Once an IBD diagnosis has been established, ileocolonoscopy keeps its fundamen-
tal role during the follow-up of the patients in evaluating the relapse of disease, the
need for new treatment strategies, the cancer surveillance and, based on the most
recent evidences, the response to therapy [19]. Referring to the most recent ECCO
guidelines, endoscopic reassessment should always be considered in cases of:
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— Relapse and flare of disease, in order to differentiate IBD relapse versus a super-
imposed infection, such as clostridium difficile [1].

— Modifications of therapy.

— Refractoriness.

— New symptoms.

— Patients undergoing surgery: ileocolonoscopy is the gold standard in the diagno-
sis of CD postoperative recurrence. It is recommended 6—12 months after sur-
gery where treatment decisions may be affected [19]. Indeed, the endoscopic
appearance 6—12 months after the surgery is useful to estimate relapse risk and
orientate postoperative treatment [19, 24]. Endoscopy is also indicated in the
IBD patients undergoing ileal pouch anal anastomosis (IPAA) for the monitoring
of pouchitis development. In case of suggestive symptoms, colonoscopy with
biopsies should be performed [19].

— Longstanding UC and CD colitis, to monitor the development of dysplasia and
colorectal cancer (CRC) [19].

It is still debated the real need to evaluate the response to therapy in a patient with
quiescent disease. Increasing evidence suggests that mucosal healing should be con-
sidered as the essential outcome of medical treatment of both UC and CD [25-27].
Conversely, the most recent ECCO guidelines on endoscopy in IBD still stated that
routine endoscopy for patients in clinical remission is unnecessary, unless it is likely
to change management [19]. The reason is that prognostic implications of endoscopic
reevaluation in quiescent disease have not yet been determined and investigated [19].

References

1. Levine A, Koletzko S, Turner D, et al. ESPGHAN revised porto criteria for the diagnosis
of inflammatory bowel disease in children and adolescents. J Pediatr Gastroenterol Nutr.
2014;58:795-806.

2. Bousvarous A, Antonioli DA, Colletti RB, et al. Differentiating ulcerative colitis from Crohn
disease in children and young adults: report of a working group of the North American
Society for Pediatric Gastroenterology, Hepatology, and Nutrition and the Crohn’s and Colitis
Foundation of America. J Pediatr Gastroenterol Nutr. 2007;44:653-74.

3. D’Haens G, Rutgeerts P, Geboes K, Vantrappen G. The natural history of esophageal Crohn's
disease: three patterns of evolution. Gastrointest Endosc. 1994;40:296-300.

4. Levine A, Griffiths A, Markowitz J, et al. Pediatric modification of the Montreal classification
for inflammatory bowel disease: the Paris classification. Inflamm Bowel Dis. 2011;17:1314-21.

5. Nguyen GC, Torres EA, Requeiro M. Inflammatory bowel disease characteristics among
Africans, Americans, Hispanics, and non-Hispanic Whites: characterization of a large North
American cohort. Am J Gastroenterol. 2006;101:1012-23.

6. Vind I, Riis L, Jess T, et al. Increasing in incidences of inflammatory bowel disease and
decreasing surgery rates in Copenhagen City and county, 2003-2005: a population-based
study from the Danish Crohn colitis database. Am J Gastroenterol. 2006;101:1274-82.

7. Jess T, Riis L, Vind I, et al. Changes in clinical characteristics, course, and prognosis of inflam-
matory bowel disease during the last 5 decades: a population-based study from Copenhagen,
Denmark. Inflamm Bowel Dis. 2007;13:481-9.

8. Buderus S, Scholz D, Behrens R, et al. Inflammatory bowel disease in pediatric patients—
characteristics of newly diagnosed patients from the CEDATA-GPGE registry. Dtsch Arztebl
Int. 2015;112:121-7.



46

M. Martinelli et al.

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

. Levine A, de Bie CL, Turner D, et al. Atypical disease phenotypes in paediatric ulcerative

colitis: 5-year analyses of the EUROKIDS registry. Inflamm Bowel Dis. 2013;19:370-7.
Hummel TZ, ten Kate FJ, Reitsma JB, Benninga MA, Kindermann A. Additional value of upper
GI tract endoscopy in the diagnostic assessment of childhood IBD. J Pediatr Gastroenterol
Nutr. 2012;54(6):753-7.

Paerregaard A. What does the IBD patient hide in the upper gastrointestinal tract? Inflamm
Bowel Dis. 2009;15:1101-4.

Goldstein N, Dulai M. Contemporary morphologic definition of backwash ileitis in ulcerative
colitis and features that distinguish it from Crohn disease. Am J Clin Pathol. 2006;126:365-76.
Ushiku T, Moran CJ, Lauwers GY. Focally enhanced gastritis in newly diagnosed pediatric
inflammatory bowel disease. Am J Surg Pathol. 2013;37:1882-8.

Tobin JM, Sinha B, Ramani P, et al. Upper gastrointestinal mucosal disease in pediatric
Crohn disease and ulcerative colitis: a blinded, controlled study. J Pediatr Gastroenterol Nutr.
2001;32:443-8.

Castellaneta SP, Afzalna GM, et al. Diagnostic role of upper endoscopy in pediatric inflamma-
tory bowel disease. J Pediatr Gastroenterol Nutr. 2004;39:257-61.

Abdullah BA, Gupta SK, Croffie JN, et al. The role of esophagogastroduodenoscopy in the ini-
tial evaluation of childhood inflammatory bowel disease a 7-year study. J Pediatr Gastroenterol
Nutr. 2002;35:636-40. 7.

Sawczenko A, Sandhu BK. Presenting features of inflammatory bowel disease in Great Britain
and Ireland. Arch Dis Child. 2003;88:995-1000.

. Robert ME, Tang L, Hao LM, et al. Patterns of inflammation in mucosal biopsies of ulcerative

colitis: perceived differences in pediatric populations are limited to children younger than 10
years. Am J Surg Pathol. 2004;28:183-9.

Annese V, Daperno M, Rutter MD, et al. European evidence based consensus for endoscopy in
inflammatory bowel disease. J Crohns Colitis. 2013;7:982-1018.

Chan G, Fefferman DS, Farrell RJ. Endoscopic assessment of inflammatory bowel disease:
colonoscopy/esophagogastroduodenoscopy. Gastroenterol Clin N Am. 2012;41:271-90.
deBie CI, Paerregaard A, Kolacek S, et al. Disease phenotype at diagnosis in pediatric Crohn's
disease: 5-year analyses of the EUROKIDS Registry. Inflamm Bowel Dis. 2013;19:378-85.
Rajwal SR, Puntis JW, McClean P, et al. Endoscopic rectal sparing in children with untreated
ulcerative colitis. J Pediatr Gastroenterol Nutr. 2004;38:66-9.

Odze R, Antonioli D, Peppercorn M, Goldman H. Effect of topical 5-aminosalicylic acid
(5-ASA) therapy on rectal mucosal biopsy morphology in chronic ulcerative colitis. Am J
Surg Pathol. 1993;17:869-75.

Hanauer SB, Korelitz BI, Rutgeerts P, Peppercorn MA, Thisted RA, Cohen RD, et al.
Postoperative maintenance of Crohn’s disease remission with 6-mercaptopurine, mesalamine,
or placebo: a 2-year trial. Gastroenterology. 2004;127:723-9.

Rutgeerts P, Vermeire S, Van Assche G. Mucosal healing in inflammatory bowel disease:
impossible ideal or therapeutic target? Gut. 2007;56:453-5.

Colombel JF, Rutgeerts P, Reinisch W, Esser D, Wang Y, Lang Y, et al. Early mucosal healing
with infliximab is associated with improved long-term clinical outcomes in ulcerative colitis.
Gastroenterology. 2011;141:1194-201.

Peyrin-Biroulet L, Sandborn W, Sands BE, et al. Selecting therapeutic targets in inflammatory
bowel disease (STRIDE): determining therapeutic goals for treat-to-target. Am J Gastroenterol.
2015;110:1324-38.



Check for
updates

Endoscopic Score in CD and UC 6

Salvatore Oliva

6.1 Introduction

The scoring of endoscopic disease activity is becoming an important clinical end-
point in clinical trials [1-3]. The distribution and severity of inflammation noted
during endoscopy of children early in the course of IBD may be patchy, with a pat-
tern that is less commonly seen in adults with IBD. For this reason, scoring systems
used in adults may not be easily extrapolated to children. Reporting of endoscopic
disease activity should always include accurate descriptors of any abnormalities in
each segment [4]. It is recommended to use scores in clinical practice but, generally,
documentation of endoscopic disease activity remains subjective in children. If
endoscopic scoring systems are not used, it is important to report in each segment
of the bowel: the extent and location of inflammation; if bowel involvement is con-
tinuous or involves skip areas; the presence of erythema, loss of vascular pattern;
bleeding (contact or spontaneous); presence of erosions or ulceration (superficial or
deep); and the presence of strictures or fistulas. In addition, on follow-up endos-
copy, it is important to note the degree of change of endoscopic activity since previ-
ous valuation.

A wider application of the scoring system and the development of newer scores
will help with the comparison between drug efficacies and optimize a treat-to-target
treatment algorithm in management of pediatric IBD patients.
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6.2 Ulcerative Colitis

Currently there are no validated scoring systems of endoscopic activity for pediatric
patients with UC. Definitions of endoscopic disease activity (remission, mild, mod-
erate, and severe disease) and the ability of specific indices to reliably detect mean-
ingful endoscopic changes have either not been rigorously validated or are not
available. Some indices form part of composite scores that integrate clinical informa-
tion (e.g., the Mayo endoscopic sub-score, the Ulcerative Colitis Disease Activity
Index). In addition, clinical, endoscopic, and histologic assessments of activity do
not always correlate. Furthermore, most scoring systems use the appearance of the
rectosigmoid mucosa rather than the entire colon, and do not take segmental differ-
ences throughout the colon into consideration, including endoscopic rectal sparing.

Despite the relative simplicity of scoring and category definitions, intra-observer
and inter-observer differences among experts remain a significant weakness of cur-
rent scoring systems. A comprehensive summary of all scoring sheets for CD and
UC is shown in Table 6.1.

Table 6.1 Characteristics of the most commonly used scores for UC and CD

Score Applicability Variable Grading
Mayo ucC Mayo 0 Normal or healed mucosa
endoscopic Mayo 1 Faded vascular pattern, mild friability, erythema
sub-score Mayo 2 Absence of vascular pattern, marked friability,
erosions
Mayo 3 Spontaneous bleeding, large ulcers
UCEIS ucC Vascular Normal (1): Normal vascular pattern with
pattern arborization of capillaries clearly defined
Patchy loss (2): Patchy loss or blurring of vascular
pattern

Obliterated (3): Complete loss of vascular pattern
Bleeding None (1): No visible blood
Mucosal (2): Some spots or streaks of coagulated
blood on the surface of the mucosa ahead of the
scope, which can be washed away
Luminal mild (3): Some free liquid blood in the
lumen
Luminal severe (4): Frank blood in the lumen ahead
of endoscope or visible 0ozing from mucosa after
washing intraluminal blood, or visible oozing from a
hemorrhagic mucosa
Erosions None (1): Normal mucosa, no visible erosions or
and ulcers  ulcers
Erosions (2): Tiny (<5 mm) defects in the mucosa,
of a white or yellow color with a flat edge
Superficial ulcer (3): Larger (>5 mm) defects in the
mucosa, which are discrete fibrin-covered ulcers in
comparison with erosions, but remain superficial
Deep ulcer (4): Deeper excavated defects in the
mucosa, with a slightly raised edge
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Table 6.1 (continued)

Score
UCCIS

Rutgeerts
score

Modified
Rutgeerts
score

Applicability
ucC

Postoperative
CD

Postoperative
CD

Variable
Vascular
pattern

Granularity

Ulceration

Bleeding/
friability
Grading of

SAES and
GAES

i0

i2a

i2b

Grading

0: Normal, clear vascular pattern
1: Partially visible vascular pattern
2: Complete loss of vascular pattern
0: Normal, smooth, and glistening
1: Fine

2: Coarse

0: Normal, no erosion or ulcer

1: Erosions or pinpoint ulcerations
2: Numerous shallow ulcers with mucopus

3: Deep, excavated ulcerations

4: Diffusely ulcerated with >30% involvement

0: Normal, no bleeding, no friability

1: Friable, bleeding to light touch

2: Spontaneous bleeding

0: Normal/quiescent: visible vascular pattern with
no bleeding, erosions, ulcers or friability (includes
altered vascular pattern in quiescent disease)

1: Mild: erythema, decreased or loss of vascular
pattern, fine granularity, but no friability or
spontaneous bleeding

2: Moderate: friability with bleeding to light touch,
coarse granularity, erosions, or pinpoint ulcerations
3: Severe: spontaneous bleeding or gross ulcers
The GAES also includes a 10 cm visual analogue
scale of severity. Abbreviations: GAES, global
assessment of endoscopic severity; SAES,
segmental assessment of endoscopic activity

No lesions in the distal ileum

Less than 5 aphthous lesions in the distal ileum

>5 aphthous lesions with normal mucosa between
the lesions, or skip area of large lesions or lesions
confined to ileocolonic anastomosis

Diffuse aphthous ileitis with extensively inflamed
mucosa

Diffuse inflammation with large ulcers, nodules,
and/or stenosis

No lesions in the distal ileum

Less than 5 aphthous lesions in the distal ileum

>5 aphthous lesions with normal mucosa between
the lesions, or skip area of large lesions or lesions
confined to ileocolonic anastomosis

Lesions confined to the ileocolonic anastomosis
(including anastomosis stenosis)

More than 5 aphthous ulcers or larger lesions, with
normal mucosa in-between, in the neoterminal
ileum (with or without anastomotic lesions)
Diffuse aphthous ileitis with diffusely inflamed
mucosa

Large ulcers with diffuse mucosal inflammation or
nodules or stenosis in the neoterminal ileum

(continued)
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Table 6.1 (continued)

Score Applicability Variable Grading
CDEIS Luminal CD  Deep ulcers 12 if present, O if absent
Superficial (6 if present, O if absent)

ulcers

Surface 0-10 (as the result of visuoanalogic scale

involved by transformation representing a complete ileocolonic
disease segment)

(cm VAS)

Ulcerated ~ 0-10 (as the result of visuoanalogic scale
surface (cm transformation representing a complete ileocolonic

VAS) segment)
Ulcerated  Quote 3 if ulcerated stenosis anywhere, 0 if not
stenosis
Non- Quote 3 if non-ulcerated stenosis anywhere, O if not
ulcerated
stenosis
SES-CD Luminal CD  Size of 0: None
ulcers 1: Aphthous ulcers (0.1 to 0.5 cm)
2: Large ulcers (0.5 to 2 cm)
3: Very large ulcers (@ > 2 cm)
Ulcerated  0: None
surface 1: <10%
2: 10-30%
3:>30%
Affected 0: Unaffected
surface 1: <50%
2: 50-75%
3:>75%
Presence of 0: None
narrowing  1: Single, can be passed
2: Multiple, can be passed
3: Cannot be passed

6.2.1 Mayo Score

The Mayo score is a composite score that includes clinical and endoscopic elements
in the assessment of disease activity. The four variables are stool frequency, rectal
bleeding, physician’s global assessment, and changes in the rectosigmoid mucosa at
flexible endoscopy. The endoscopic subsection has a 4-point grading scale for cat-
egories ranging from normal to severe disease (O—normal/inactive disease; 1—
mild disease: erythema, reduced vascular pattern, mild friability; 2—moderate
disease: marked erythema, absent vascular pattern, friability, mucosal erosions; 3—
severe disease: spontaneous bleeding, ulceration).

The strengths of the Mayo endoscopic sub-score lie in the frequency of its use in
clinical trials, and its ease of use. Its weakness lies in its lack of validation, the lack of
differentiation between deep and superficial ulceration and the only focus on the most
severely affected segment of the bowel visualized without any indication of the extent
or distribution of mucosal inflammation and setting no minimal insertion length [5,
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6]. Moreover, this score includes variable degrees of friability in the score of 1 and 2,
which results in high inter-observer discrepancy and inconsistent results.

Reasonable concordance (k = 0.58; 0.26-0.89) between the Pediatric Ulcerative
Colitis Activity Index (PUCAI) and endoscopic Mayo sub-scores was demonstrated
in a post hoc analysis of the pediatric trial of infliximab in ulcerative colitis [7].

6.2.2 Ulcerative Colitis Endoscopic Index of Severity (UCEIS)

This index has been developed prospectively and recently validated [8, 9]. From ten
initial descriptors, the UCEIS was constructed using regression modelling around
three descriptors—vascular pattering, bleeding, and erosions/ulcers. Severity, in
terms of UCEIS scores, was compared to a visual analogue scale of overall endo-
scopic severity. Subsequent validation studies have shown good inter- and intra-
observer reliability. Mucosal friability is not included because of the significant
inter- and intra-observer variation of this item. UCEIS correlated well with both full
and partial Mayo scores, as well as a global rating of endoscopic severity based on
a visual analogue scale. Indeed, the UCEIS is currently the most cited tool for
assessing the endoscopic severity of UC in adults. Nevertheless, further studies are
required to establish thresholds, the clinical relevance of different UCEIS scores,
and to explore more deeply its sensitivity-to-change [2, 3]. Interestingly, prior
knowledge of clinical data had only a modest effect on UCEIS scores, apart from
the description of bleeding at endoscopy.

6.2.3 Ulcerative Colitis Colonoscopic Index of Severity (UCCIS)

This index has been developed prospectively and encompasses assessments of four
mucosal variables—vascular pattern, granularity, bleeding/friability, and ulceration
in five colonic segments along the entire colon [9-11]. Inter-observer variability
was greater in the cecum/ascending colon than in distal segments; bleeding and fri-
ability showed only moderate correlation in the descending and sigmoid colon seg-
ments. The index correlated well with clinical and laboratory parameters of disease
activity. This index has not been validated in multicenter international studies that
include nonambulatory patients, and cutoff values for meaningful change, remis-
sion, mild, moderate and severe disease activity have yet to be defined.

6.3  Crohn’s Disease
6.3.1 Crohn’s Disease Endoscopic Index of Severity (CDEIS)
The CDEIS was first developed by the GroupedEtude Thérapeutique des Affections

Inflammatories Digestives (GETAID) [12]. This index scores the presence of super-
ficial or deep ulcers present in each examined segment (rectum, sigmoid and left
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colon, transverse colon, right colon and ileum). The affected and ulcerated areas are
assessed using two visual analogue scales. The scoring sheet for CDEIS is shown in
Table 6.1.

The CDEIS is often considered the gold standard for classifying endoscopic dis-
ease activity in CD. It is highly reproducible and sensitive to changes in endoscopic
mucosal appearance and healing [13]. The CDEIS is the most commonly used
endoscopic tool to assess disease activity in clinical trials although there is no agree-
ment or formal validation regarding cutoff values for defining endoscopic response
to treatment, endoscopic remission or mucosal healing and no data available on
long-term clinical outcomes, especially in children. The main limitation of the
CDEIS is its complexity, that requires training and experience to utilize, reserving
its use mostly in clinical trials [14].

6.3.2 Simple Endoscopic Score for CD (SES-CD)

The SES-CD score was developed to simplify the CDEIS without losing precision
and reproducibility [15]. It was shown to have a close correlation with CDEIS
(Spearman’s rank order correlation coefficient 0.938, p < 0.0001). The most rele-
vant updates were: (1) changes in the definition of ulcers (aphthous, large, and very
large ulcers); (2) establishment of a functional definition of narrowing instead of
ulcerated or not ulcerated stenosis; (3) change from VAS to 4-modality Likert scales
to assess the affected and ulcerated surfaces.

Two major limitations of this score are: (1) the absence of formally validated
cutoff values for inactive, mild, moderate, or severe endoscopic activity and (2) the
lack of inter-observer agreement.

6.3.3 The Rutgeerts Score

The Rutgeerts score is used for assessing endoscopic activity in the neoterminal
ileum after ileocecal resection. Although it has not been fully prospectively vali-
dated, the severity of the Rutgeerts score on endoscopy in an asymptomatic patient
within 12 months of the ileocolonic resection has been shown to predict the risk of
clinical recurrence (low risk with grade O or 1; high risk with grade 3 or 4) [16]. A
modified Rutgeerts score has not been yet validated (Table 6.1) [17].

6.4  Mucosal Healing

The International Organization for the Study of Inflammatory Bowel Diseases
(IOIBD) has recently published a position paper defining the treatment targets and
mucosal healing definition.by [18]. For adult patients, mucosal healing has described
as the absence of all visible ulcers [18]. This definition is simple to apply in clinical
practice, but insensitive to change, and does not allow for a quantification of overall
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improvement or improvement beyond ulcer healing [19]. For this reason, scoring
systems are of critical importance in defining MH in clinical practice [1-3]. Ideally,
mucosal healing would mean a SES-CD or CDEIS and a Mayo or UCEIS of 0, but
this is not realistic in most cases. Therefore, a SES-CD or CDEIS <2 and a Mayo or
UCEIS <1 have been considered for endoscopic remission in CD and UC, respec-
tively [4, 10, 20]. While after surgery in CD, a value of <i2 of Rutgeerts score is
considered for endoscopic remission [21].

If mucosal healing or endoscopic remission is not obtained, the treatment effi-
cacy has to be assessed, by defining the endoscopic response.

The IOIBD defines endoscopic response as a decrease in CDEIS >5 or SES-CD
>2 for CD, while a decrease in Mayo endoscopic sub-score >1 or in UCEIS >2 for
UC (50). Using relative (rather than absolute) changes, endoscopic response is a
decrease of at least 50% from baseline. Indeed, recently, a post hoc analysis of the
SONIC trial showed that endoscopic response could be defined as a decrease of at
least 50% from baseline [22].
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Small-Bowel Endoscopy 7

Paolo Gandullia and Tormmaso Bellini

7.1 Introduction

Over the past decade, advances in endoscopic equipment and techniques have
allowed diagnostic and therapeutic advancements in the management of small-
bowel disorders previously unreachable by standard upper and lower digestive
endoscopy [1-4]. The advent of wireless capsule endoscopy (WCE) and balloon-
assisted enteroscopy (BAE) between 2000 and 2001 has made the visualization
of the entire small-bowel tract easier [5], becoming an attractive diagnostic
imaging modality in children for low invasiveness and the absence of ionizing
radiation. The inability to obtain tissue samples and to perform intervention has
limited the use of WCE [1, 6]. The subsequent advent of BAE has permitted to
achieve total small-bowel evaluation, combinating both anterograde and retro-
grade procedures.

7.2 Technical Features
7.2.1 WCE

The first capsule model was approved by the FDA in 2001, while pediatric use was
approved in 2004 and in 2009, respectively, for children between 10 and 18 years
old and for all patients over the age >2 years [7, 8]. The capsule wireless system
consists of three components: the endoscopic capsule, the recording system (sen-
sors applied to patient’s abdomen and data recorder that is held inside a wearable
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belt), and the workstation, where images are downloaded. Real-time visualization
software and reconstruction of intestinal transit times are also available. More
recently, machine learning algorithms (MLAs) have been proposed to automatically
read endoscopic features, and they seem to be as effective as human readers in the
diagnosis of small-bowel angioectasias [9].

7.2.2 BAE

Two endoscopes for BAE are currently available: the double balloon enteroscope
(DBE—Fujinon Inc. Saitama, Japan), and the single balloon enteroscope (SBE—
Olympus, America Inc.). DBE has been first described in 2001, and the first pediat-
ric reports have been reported in 2003 [3, 5, 10]. DBE uses an enteroscope with an
inflatable balloon at the distal tip, whereas SBE uses an enteroscopy with no bal-
loon. Both enteroscopes have a length of 200 cm and an outer diameter of 9.4 mm
(with operating channel of 2.8 mm); the overtube is 140 cm long and runs on the
instrument through a thin film of water that is introduced before performing the
procedure to reduce the friction.

7.3 Exam Preparation and Execution
7.3.1 Informed Consent/Refusal [11]

Informed consent in procedural-based medicine is mandatory. It is the tool by
which the physician speaks to the patient or patient’s surrogate (parents or
caregiver in pediatrics) to inform them about a procedure and subsequently
obtain legal and ethical permission to perform it. It is recommended that the
general indications, methods, risks, benefits, and alternatives to WCE or BAE
should be highly explained to the subject and/or appropriate surrogate/caregiver.
The benefits of performing WCE or BAE compared with other alternatives should
be discussed, and finally the risks of both techniques should be disclosed to the
family.

7.3.2 Training/Certification [1, 11]

Universally agreed guidelines for competency in performing advanced endos-
copy, such as BAE or WCE, have not been formulated yet. Pediatric gastroen-
terology training programs do not routinely teach WCE or BAE. There is a
wide number of in-person and online training courses endorsed by national or
international gastrointestinal societies, whose efficacy has not validated. A
minimum of 10-30 WCE are required for trainees to attain competence in
WCE. No similar studies about BAEs exist, but some authors suggest a mini-
mum of 20 procedures.
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7.3.3 WCE[11-14]

The preparation to perform WCE has not yet been standardized in pediatric popula-
tion, and there is no strong evidence of which is the best method. The tendency is to
perform also an iso-osmolar laxative preparation. The capsule activates just as it is
removed from the package and can be swallowed spontaneously by the patient or
inserted through endoscopy. Younger children, or patients with difficulty in swal-
lowing, may be trained at home with hard candies, which have approximately the
same size as the capsule. A variety of accessories have been used to deliver the
capsule endoscope in the stomach or in the small intestine, such as polypectomy
snares and nets (both off-label). Only one licensed, dedicated device (US Endoscopy,
Mentor, Ohio, USA) is available; that allows the release directly into the duodenum.
This procedure requires general anesthesia with airway protection (orotracheal intu-
bation, laryngeal mask).

7.3.4 BAE[2,4,6,10,13,15,16]

Preparation consists of a water diet in the 12—24 h before the procedure and absolute
fasting in the previous 4 h; if it has been chosen an anal approach, the preparation
for a conventional colonoscopy could be a solution. A general anesthesia with
orotracheal intubation is strongly recommended, and it is advisable to use fluoros-
copy especially in the early stages of the operator’s learning. Both DBE and SBE
use an overtube that has a balloon at the distal extremity; by inflating the balloon on
the overtube, the small bowel can be reduced and straightened. This straightening
facilitates further advancement of the enteroscope, whereas the overtube prevents
undesired looping during the procedure. In the DBE, the balloon at the tip of the
enteroscope is inflated to anchor the scope in place, whereas the overtube is subse-
quently advanced before the next reduction. The whole procedure is summarized in
Figs. 7.1, 7.2, and 7.3. Choosing which approach to use (anterograde or retrograde)
is primarily guided by previous examinations (i.e., entero-MRI), while the absence
of indications or lesion locations may suggest to start with an oral approach.

7.4 Indications

WCE and BAE share most of all indications but there may be some difference [10].
Main indications for both techniques in pediatric age is known or suspected IBD.
Conventional upper and lower intestinal endoscopy usually allows a definite
diagnosis of IBD, and both WCE and BAE have a limited role in the initial evalua-
tion of patients with known or suspected CD [10, 15]. WCE is indicated, if needed,
as first-line enteroscopic tool for small-bowel evaluation and meets several indica-
tions: differential diagnosis between ulcerative colitis (UC), CD and unclassified
IBD (IBDU); differential diagnosis with other pathological conditions, such as pol-
yps, Meckel diverticulum, intestinal duplications, angiodysplasias, and other
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Fig. 7.1 Balloon-assisted enteroscopy passing through the stomach and duodenum

vascular malformations; staging of suspected CD with a normal traditional endos-
copy; in known CD with unexplained signs or symptoms; surveillance of possible
surgical complications (i.e., anastomotic ulcers); monitoring mucosal healing [3, 5,
17-19]. BAE shares with WCE the indications mentioned above; it is also indicated
to perform biopsy in case of lesions identified with the WCE. If entero-MRI has
already evidenced stenosis/strictures or lesions that deserves histological character-
ization or a therapeutic intervention (stopping a bleeding, CD-related stenosis/stric-
tures dilation, removal of retained capsule), BAE is of first choice, avoiding the
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Fig. 7.2 Balloon-assisted enteroscopy passing through the colon

WCE [4, 5, 10, 20]. A proposed diagnostic-therapeutic algorithm for CD is reported
in Fig. 7.4.

OGIB is defined as a bleeding of unknown origin that persists or recurs, after
negative initial evaluation using bidirectional endoscopy and small-bowel imaging.
Incidence is low in pediatric age presents a lower incidence because acquired
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angiodysplasia and neoplastic pathologies of the small intestine are infrequent in
this age group. In adults with OGIB, diagnostic comparison between WCE and
BAE revealed no significant difference regarding the diagnostic yield and supported
a combined use of both modalities; however, the same conclusion in pediatric
patients cannot be obtained due to a lack in pediatric literature [10, 14, 17, 21].
OGIB and unexplained anemia may be the first symptom of an ileal CD or surgical
complications.

7.5 Contraindications

Patient selection must be rigid: patients should undergo to high and low endoscopic
examination and imaging of the small intestine to exclude digestive tract lesions that
could represent a contraindication (see below) [6, 11, 14].
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Fig. 7.4 A proposed algorithm for the evaluation of suspected or relapsed CD (revised from [1,
13]). BBS barium series studies, entero-MRI entero magnetic resonance, CT scan abdominal con-
trast enhanced computed tomography, SICUS small-intestine contrast ultrasound, WCE wireless
capsule endoscopy, BAE balloon-assisted enteroscopy

7.5.1 WCE[3,7,8,11,12,14,22]

Relative contraindications of WCE include any condition in which obstruction,
strictures, or fistulae are suspected, which could cause WCE retention, and are listed
in Table 7.1. In adults, a patency capsule (PC) is swallowed before the formal WCE
study, in order to establish luminal patency and minimize the risk of capsule reten-
tion; the PC is not equipped with a camera but is radiologically identifiable and it is
absorbable in 3648 h if not expelled. Younger children cannot swallow the PC and
sedation only for endoscopic placement of the PC is not recommended: it is sug-
gested to perform a small-bowel anatomical study (BSS, CT scan, or entero-MRI)
to help in predicting the risk of capsule retention, especially in high-risk patients.
Normal imaging, however, does not obviate the risk of capsule retention.
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Table 7.1 Contraindications for BAE and WCE in pediatric age

Balloon-assisted enteroscopy

Absolute Related Wireless capsule endoscopy
— Intestinal perforation — Age or weight — Bowel obstruction
— Peritonitis — Thrombocytopenia or (Suspected or known)
— Septic state coagulopathy — Bowel strictures
— Hemodynamic — Severe neutropenia — Bowel fistula
instability — Recent digestive surgery or ~ — Age or weight
adhesions — Allergy to materials
— Intestinal occlusion — Presence of pacemaker or other
— Vascular aneurysms electromagnetic device

There is no weight or age limit to perform WCE in children, even in <2 years old
WCE is off-label. With the endoscopy-assisted placement of the WCE, studies have
been successfully performed in children as young as 10 months and 7.9 kg, but the size
of patient and the size of oral and pharyngeal tissues may pose a limitation; thus, cau-
tion should be approached when placing WCE in such small children. Other studies
have proposed 11.5 kg as lower weight and 18 months as lower age to perform WCE.

7.5.2 BAE[6, 13]

Absolute contraindications are intestinal perforation or peritonitis, a septic state
and/or an hemodynamic instability. Related contraindications are listed in Table 7.1.

It has not been well established which are the minimum weight and/or age to
perform the exam; to date, BAE seems feasible in children as young as 3 years and
as small as 13 kg, but there are only few, mostly retrospective, available data on a
small number of patients. Moreover, appropriately sized endoscopes for even
smaller sized patients are not available yet.

7.6  Complications
7.6.1 WCE[2, 3,6-8, 13,14, 22, 23]

WCE is generally a well-tolerated and safe procedure. Minor complications include
skin or mucosal irritation, vomiting, pain, sore throat, missed lesion, or equipment
malfunction. The most serious complication that may occur during the examination
is the capsule retention, which has been defined as a WCE remaining in the intesti-
nal lumen for 2 or more weeks or as a WCE that has required directed therapy to aid
its passage. Unless a patient is symptomatic, the first clue of a retained capsule is the
discovery of an incomplete study, in which the capsule does not reach the cecum at
the conclusion of the study. In cases where the capsule retention in the intestinal
lumen occurs for more than 15 days or becomes symptomatic, a surgical or endo-
scopic removal is mandatory, even if it has been described a spontaneous capsule
evacuation after 3 months of retention.
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7.6.2 BAE[2,3,6,17,24]

The lower number of complications with BAE is mainly due to the few pediatric
cases; two recent pediatric studies demonstrate that SBE is safe and well toler-
ated. Common complications include perforation, pancreatitis, and bleeding, and
are noticeably more frequent in patients with adherences, altered intestinal anat-
omy or repeated procedures (i.e., in polyposis syndromes). Minor complications,
such as self-limited abdominal pain and/or distension, sore throat, nausea, have
the same frequency than with conventional gastroscopy and colonoscopy
examinations.

7.7 Limitations

The main WCE limitations are the inability to wash and aspirate secretions in the
lumen, and the inability to obtain biopsies; the latest guidelines suggest that CD
diagnosis should never be made only on the results of a WCE test [18]. Principal
limitation in BAE is due to the operator experience; hence, it is important to empha-
size that these procedures should be performed in third-level pediatric centers by
highly specialized and qualified personnel [1].

Conclusions
WCE and BAE are newer endoscopic modalities that have improved both diag-
nosis and treatment of small-bowel pathology in pediatric patients [7]. WCE is
a very useful approach to children presenting symptoms suggesting IBD, as a
third-stage examination after conventional upper and lower GI endoscopy [9,
10]. In presence of small-bowel stenosis on radiologic imaging, BAE may
allow both diagnosis and therapeutic treatment and may avoid a surgical inter-
vention. BAE is more invasive and less safe than WCE. It shows therapeutic
advantages in IBD, such as the possibility to place tattoos, perform hemostasis,
dilate CD strictures and stenosis, and remove foreign bodies (including retained
capsules) [15]. The diagnostic capability of the two BAE instruments (DBE,
SBE) seems to overlap, so the choice is guided mainly by operator experience.
WCE use is suggested as a first-line study in patients with a negative previous
workup for CD (including upper and lower endoscopy and small-bowel imag-
ing tests), and then BAE, if needed (Fig. 7.4). BAE could be used as a first-line
technique if a pathological study has showed a WCE contraindication or if an
endoscopic therapy is needed (i.e., strictures dilatation, hemostasis) [1, 13, 18,
25]. WCE and DBE may be performed in tandem, with initial WCE findings
directing the choice of antegrade versus retrograde DBE approach. Recent
results show how the two techniques combined can be complementary and fill
the limits of each other.

Future studies, comparing WCE and BAE and defining their precise role,
would clarify the diagnostic and therapeutic algorithms for management of IBD
and other small-bowel diseases in children.
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Operative Endoscopy in Pediatric 8
Inflammatory Bowel Disease

Erminia Romeo, Filippo Torroni, and Luigi Dall'Oglio

8.1 Dilation Technique

Catheters used for gastrointestinal strictures dilation are: an over-the-wire balloon
catheter and a through-the-scope (TTS) balloon catheter, usually preferred. The
length of the balloons for inflation is about 5 cm; therefore, strictures 5 cm or longer
are considered unsuitable for EBD, but sometimes a step-by-step dilation can be
performed [1]. Intestinal strictures with deep ulcers and fistulous complications are
contraindication for EBD. The dilation procedure is performed under X-ray guid-
ance for monitoring the inflated balloon [2]. In pediatric patients, all operative pro-
cedures are performed under general anesthesia in operative room. The maximum
dilation diameter ranges among 18 mm, 20 mm, and 25 mm, generally 18-20 mm
is the most common. Successful dilation is considered as disappearance of stenotic
symptoms or the ability to pass a scope as a technical response (79—100%) [1]
(Figs. 8.1 and 8.2).

Perforation and bleeding are the major concerns during the procedure. The rate
of perforation is nearby <10%, and it requires emergent surgery [3].

EBD for Crohn’s strictures may be a good therapeutic option at least for the
temporary relief of stenotic symptoms. The relapse rate of obstructive symptoms
after EBD ranges from 24 to 79% [4]. In patients with recurrence of symptoms,
redilation or surgical intervention should be performed. According to a meta-
analysis that summarized 25 studies, including 1089 patients and 2664 dilations,
the proportion of patients who required further dilation at 1, 2, and 5 years of fol-
low-up was 31.6%, 25.9%, and 1.7%, respectively [5]. The surgical intervention
rate is 27% [4].
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Fig. 8.1 Ileo-cecal valve dilation. TTS catheter. Digestive Surgery and Endoscopy Unit. Bambino
Gesu Children’s Hospital, Italy

Fig. 8.2 (a) Cecal stricture; (b) over-the-wire catheter dilation; (c¢) after dilation; (d) ileo-cecal
valve stricture dilation with TTS catheter; (e) after dilation; (f) ileo-cecal valve dilation and cecal
dilation. Digestive Surgery and Endoscopy Unit. Bambino Gesu Children’s Hospital, Italy

8.2 Factors Associated with Favorable Outcomes

Many factors are involved in determining endoscopic dilation outcomes.

Primary strictures were significantly associated with decreased surgery-free
intervals in the long term; [6]; EBD in anastomotic strictures appear to be more
effective and with a good outcome in the long-term follow-up [6].
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The length of the strictures is a determinant of the outcome of balloon dilation;
stricture length >4 cm is associated with a poor outcome [4].

Post-dilation pharmacotherapy with steroids or immunomodulators has not
yielded significant changes in the efficacy of dilation [4].

The use of self-expandable metal stents in selected patients, especially those
with benign refractory strictures, was found to be safe and effective in a small
case series of five patients, and this can improve the efficacy of EBD. However,
there is a risk of stent migration, and large prospective trials are still lacking in
this area [7].

8.3 EBD Using BAE for Small Bowel Strictures

EBD using BAE for small bowel strictures is almost the same as EBD for colorectal
and ileo-colonic strictures in terms of procedure and technique; catheters are the
same used with a standard colonoscope.

There are some technical difficulties, compared to EBD performed with a con-
ventional colonoscope. According to published studies, maximum dilation diameter
for strictures of the small intestine varied from 15 to 20 mm, smaller than those of
colorectal and ileo-colonic strictures. Nonetheless, the reported technical success
rate (such as 72—-100%) and cumulative redilation-free rate (such as 64% and 47%,
respectively, at 2 and 3 years) are similar to those of EBD for colorectal and ileo-
colonic strictures [1].

Therefore, the need for frequent redilation seems to be an issue with EBD regard-
less of the target stricture site. According to a recent study published by Sunada
et al., the cumulative surgery-free rate after initial EBD for small bowel strictures in
CD was 87.3% at 1 year and 78.1% at 3 years [2].

The tendency for CD patients to have multiple small bowel strictures is one of
the limitations of EBD using BAE.

In some cases, BAE is used for retrieving capsule endoscopy impacted in small
bowel stricture, with standard foreign body roth net (Fig. 8.3).

Fig. 8.3 Small bowel sub-stenosis; capsule impaction; capsule retrieval. Digestive Surgery and
Endoscopy Unit. Bambino Gesu Children’s Hospital, Italy
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Conclusions

Intestinal strictures are still a major cause of surgery in CD. Since frequent intes-
tinal resection often results in short bowel syndrome and can decrease the quality
of life, EBD can help avoid surgery. EBD with a conventional colonoscope for
Crohn’s strictures of the colon and ileo-colonic anastomosis, self-expanding
stent, EBD with a balloon-assisted enteroscope seems to be effective and safe.
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9.1 Introduction

The increased risk of cancer in IBD patients is object of a worldwide consensus of
the literature, both for patients affected by UC and for patients affected by CD.

Therefore, the theme of cancer surveillance has become of growing importance
in recent decades, in terms of early diagnosis, understanding of the mechanisms for
carcinogenesis, and awareness of the risk factors concerning this particular group of
patients, including mucosal inflammation and long-term immunosuppression.

From an epidemiologic point of view, cancerous lesions usually develop in the
adult age, but the early optimization of the management is of paramount importance
for the long course of the disease, starting from the pediatric age.

9.2 Overall Risk of Cancer

With respect to the basic risk of developing specific cancers, pathogenesis and epi-
demiology, literature data are conflicting. In adult population, a Finnish study
reported that UC patients were found to have an increased risk of colon, rectal, bili-
ary tract, and thyroid cancers, and the risk of colorectal cancer (CRC) was highest
among the youngest UC patients. CD patients had a significantly increased risk for
cancers of the small intestine, anus, and biliary tract, and also for myeloma. The risk
of basal cell skin cancer was also increased in IBD [1]. On the contrary, data from
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Denmark indicated that only CD patients had an increased risk of developing malig-
nancies overall, such as small bowel cancer, lung cancer, or non-Hodgkin lym-
phoma (NHL), while the general risk for developing cancer in UC patients was not
increased [2, 3]. Other correlations between IBD and malignancies have been made
with regard to specific immunosuppressors and malignancies, such as thiopurines
and lymphoma (especially NHL) [4, 5].

The data on cancer risk of IBD pediatric patients are lacking [6]. One pedi-
atric French population-based study estimated the risk of cancer in patients
with childhood-onset CD (median age at diagnosis 14.6 years; median follow-
up 11.4 years), and found a non-significant 2.5-fold increase compared with
the background population [7]. Similar results were found by a more recent
Danish study, in which the overall risk of cancer in a population diagnosed at
the age of 19 years or less, was of 2.17-fold increased, compared with non-IBD
population [6].

The theme of cancer surveillance in IBD can be divided into cancer and dysplas-
tic lesions of the gastrointestinal tract, extraintestinal malignancies, and predisposi-
tion to cancer due to immunosuppressive drugs.

9.3  Cancer and Dysplastic Lesions of the Gastrointestinal
Tract

IBD are well-recognized risk factors for the development of colorectal and small
bowel cancer.

This assumption is confirmed by numerous literature data: for example, among
Indian population, characterized by a low incidence of sporadic CRC, the risk of
colorectal cancer (CRC) in patients with UC is high and similar to that in Western
countries [8].

In particular, UC and colic CD are risk factors for CRC, which is specifically
called colitis-associated colorectal cancer (CAC), while ileal CD has to be sur-
veilled with regard to small bowel cancer (SBA).

9.3.1 Epidemiology

Accordingly with several epidemiological studies, IBD patients have a 2.2 times
higher risk of developing CRC compared with the general population [9].

Studies quantifying the increased risk of CRC in patients with IBD have gener-
ated variable results reflecting differences in country of origin, study population,
and disease duration [10].

An updated meta-analysis of population-based cohort studies has quantified the
incidence of CRC among patients with IBD to be 1%, 2%, and 5% after 10, 20, and
>20 years of disease duration [11]. Another large meta-analysis assessing CRC risk
in patients with IBD showed a risk of 2% at 10 years after UC diagnosis, 8% at
20 years, and 18% at 30 years after colitis onset [8, 12].
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Taken together, CAC remains an important consequence of long-standing IBD with
an estimated incidence of approximately 5% after 20 years of disease duration [13].

The risk of cancer-related death is 1.9 times greater in patients with UC or CD
disease than those without IBD [9].

Important clinical differences exist between CAC and sporadic CRC in the gen-
eral population:

— CAC is more common among young patients both in case of UC and CD (aver-
age age of 5060 years in IBD compared with 65-75 years for sporadic CRC in
the general population) [14]

— CAC is more likely to be found in the proximal colon (51.5%) compared to sporadic
CRC (36.4%), especially in the presence of primary sclerosing cholangitis (PSC) [15]

— CAC is more commonly synchronous (15-20% of CAC compared with 3—-5% of
sporadic CRC)

— CAC is difficult to detect using a barium enema or even by colonoscopy because
of its widespread nature

— CAC is characterized by higher proportions of morphologically superficial type
lesions and invasive type lesions compared to sporadic CRC

— CAC has an increased frequency of mucinous or signet ring cell histology

— underlying genetic alterations are different [12, 16, 17]

The data on cancer risk in patients with IBD diagnosed in childhood are sparse
and focused on the overall risk of cancer rather than on the risk of development of
CAC [6]. Among the few studies regarding the risk of CAC, the national cohort
from Denmark (1979-2008) found the highest relative risk (RR) of CRC among
patients diagnosed less than or equal to 19 years of age compared with the back-
ground population (RR 2.35, 95% Confidence Interval (CI): 0.33—16.7) and within
the CD cohort (RR 3.66, 95% CI: 0.49-27.6) [2, 6].

Regarding the evolution of the epidemiology of CACs over the years, the inci-
dence rate seems to be lower. This result might be attributed to the improvement of
therapies for patients with IBD and to the advent of surveillance colonoscopy pro-
grams with early colectomy [14, 18].

Conservative proctocolectomy with ileal pouch-anal anastomosis (IPAA) has
become the intervention of choice for severe UC requiring surgery. Although the
risk for neoplasia in patients with UC and IPAA is low, it is not negligible.

In a series of 3203 IBD patients who underwent restorative proctocolectomy
with IPAA, the cumulative incidences of pouch neoplasia at 5, 10, 15, 20, and
25 years were 0.9%, 1.3%, 1.9%, 4.2%, and 5.1%, respectively. Of these patients,
38 (1.19%) had pouch neoplasia (adenocarcinoma of the pouch and/or Anal
Transition Zone (ATZ) in 11 cases [0.36%], pouch lymphoma in 1 [0.03%], squa-
mous cell cancer of the ATZ in 3, and dysplasia in 23 [0.72%]); patients who had
undergone mucosectomy had risk too [19]. In a systematic review of 23 observa-
tional studies and case series including 2040 patients, the pooled prevalence of con-
firmed dysplasia involving the pouch, ATZ, or rectal cuff after restorative
proctocolectomy for UC was 1.13% (range 0—18.75) [20].
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Although specific risk factors for the development are recognized (See paragraph
“Risk factors”), accordingly with a retrospective analysis conducted in 2009, post-
IPAA cancer can occur:

— after mucosectomy or stapled anastomosis
— after IPAAs performed for UC alone or for UC with neoplasia
— regardless of whether the initial cancer or dysplasia involved the rectum

The risk of small bowel adenocarcinoma is markedly increased in CD, compared
to general population, and it has been estimated to range from 6 to 320 [21].

The pathogenesis of SBA in CD is poorly defined, although the regional distribu-
tion of Crohn-related SBA which tends to follow the distribution of the disease and
the correlation with long-standing active disease seem to attribute to inflammation
a crucial pathogenic role [21, 22].

Cancer arising at the site of a chronic perianal fistula is extremely rare in patients
with CD. A study conducted along 10 years of observation of CD patients present-
ing perianal fistulas suggests that carcinoma occurs in <1% of patients [23]. The
rarity of this condition limits the ability to establish epidemiological data or any
standard protocol for treatment.

9.3.2 RiskFactors
The principal risk factors for the development of CAC are [24, 25]:

— IBD diagnosis at young age (<15 years) and longer duration of the disease [13, 26]

— male sex

— extensive colitis

— persistence and severity of the inflammation: an important marker of disease
severity and persistence of inflammation maybe the development of colonic
strictures. Recent studies suggest that 2% to 3.5% of colonic strictures harbor
dysplasia or colorectal cancer [13, 27, 28]—coexistence of PSC: it is considered
a major risk factor for CRC in IBD patients, particularly those with UC. A study
found that among a cohort of 101 CAC cases, nearly 20% (n = 20) had a concur-
rent diagnosis of PSC [15]. The risk of CRC is not affected by prior liver trans-
plantation. Time to CRC onset was similar in patients with PSC and UC and
those with UC alone, but the former group was five times more likely to develop
CRC [26].

Focusing on CD-related risk factors, some studies identified an augmented risk
among patients with small bowel-limited CD, but others demonstrated that most
often there is a combination of those with both small and large bowel CD [21].

CD surgery still presents a challenge to both gastroenterologist and surgeon. The
preservation of bowel length is important to maintain the digestive and absorptive func-
tions of the gut. Strictureplasty has shown to be safe and effective, and its sites may be
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expected to have a similar rate of cancer development as unresected areas of CD
because the inflamed area is left in place. Long strictureplasty (e.g., Finney-type proce-
dures) also creates a short segment of excluded or bypassed intestine. Theoretically,
this might have a potential to increase the likelihood of tumor formation [29, 30].

With regard to fistulating CD, fistula-related adenocarcinomas can arise in
patients with long-standing perianal CD, and it may be associated with adenoma-
tous transformation of the fistula tract epithelium. Early disease onset, disease dura-
tion exceeding 10 years, chronic colitis with high inflammatory activity, and
persistence of chronic fistulas and stenosis seem to be associated with malignant
transformation [31].

Regarding cancer risk in patients who underwent proctocolectomy with IPAA, a
preoperative diagnosis of dysplasia or cancer of the colon or rectum is a risk factor
for pouch dysplasia or adenocarcinoma. A Dutch registry study identified 25 cases
of pouch neoplasia, including 16 adenocarcinomas, in 1200 IBD patients who had
had IPAAs (1.83%). The risk was increased approximately fourfold in those with
prior colorectal dysplasia and 25-fold in those with a history of CRC [26, 32].

9.3.3 Carcinogenesis

Different than sporadic CRC, which usually occurs as the endpoint of the adenoma—
carcinoma sequence, the CRC correlated with CD and UC follows the sequence
inflammation-dysplasia carcinoma [14].

Chronic inflammation and the degree of immunosuppression are the main driving
factors for IBD-related carcinogenesis, which is a process of clonal evolution [12].

IBD-associated inflammation has the potential to mediate clonal evolution over
time, by the following mechanisms: epithelial colonic cells suffer from genomic
instability induced by oxidative stress, linked to chronic inflammation. Inflammatory
infiltrate in UC generates oxygen radicals and nitrogen species (ROS and NOS), as
well as chemokines and cytokines (IL-6, STAT3, TNF-a, IL-10, IL-12, and IL-23)
that affect numerous metabolic processes involved in cell repair; therefore, this
microenvironment provides a selective advantage to those clones able to more rap-
idly repopulate the healing mucosa and to survive a cytotoxic inflammatory insult
(13, 34, 35].

A proper understanding of genetic mutations should allow a better stratification
of IBD patients according to their risk for dysplasia and invasive carcinoma, in
order to personalize their treatment and surveillance. Several studies have identified
the tissue expression of specific proteins such as p53 and p21 in patients with IBD,
in order to identify the natural evolution of these biomarkers and their relationship
with carcinogenesis [33].

Actually, mutant clones frequently bear mutations in key tumor-suppressor genes
including TP53 (encoding p53) and CDKN2A (encoding pl6), in the proto-
oncogene KRAS, and in the protein p2124-27 [12].

p53 is a tumor suppressor, regulating gene expression to prevent mutations of the
genome and inducing apoptosis in case of DNA damage repair failure. It is the most
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frequently abnormal protein in human cancer. p21 is a cyclin-dependent kinase
inhibitor, inducing growth arrest of cells with DNA damage, usually controlled by
protein p53.

Both have demonstrated to be important biomarkers used to confirm dysplasia
lesions. They also have prognostic significance; patients with significant and pro-
longed overexpression of p53 and p21 have a higher risk of developing dysplasia.
Correlated overexpression of p53 and p21 in epithelial cells in UC indicates accu-
mulation of cellular mutation triggered by oxidative stress and build-up of toxic
products in stromal microenvironment of colonic mucosa [33].

Moreover, a recent study found that architectural distortion seems to be signifi-
cantly correlated with p53 and p21 overexpression in epithelial cells. Thus, this
histologic abnormality is a good parameter for evaluating the risk of degeneration in
samples without dysplasia and compels a more careful endoscopic examination of
mucosa especially in patients with long-standing disease. The immunohistochemi-
cal evaluation of p53 and p21 can be used as tissue biomarker for identification of
patients with higher risk for dysplasia, diminishing the false-negative results [33].

A series of genes have been studies over the years. In particular, a large meta-
analysis of individual-level data that included 11,794 cases of CRC and 14,190 con-
trols, examined the association of GWAS-identified risk variants for UC and CD on
risk of CRC. The (T) allele in rs11676348, a UC susceptibility locus located on
chromosome 2, seems to be inversely associated with risk of CRC. In addition, using
a subgroup of CRC cases with known histologic and molecular data, we showed that
rs11676348 was particularly associated with lower risk of CRC tumors with Crohn’s-
like reaction, MSI-H status, and mucinous components which are characteristics of
each tumor with high inflammatory burden. The allele rs11676348 was identified in
GWAS of UC to be correlated with expression of CXCR2 gene. The CXCR2 gene
is a member of G-protein-coupled receptor family with high affinity for IL-8 and
primarily mediates migration of neutrophils to the site of inflammation and facilities
the angiogenic effect of IL-8 in intestinal microvascular endothelial cells. More
recently, CXCR2 has been implicated in development of CRCs associated with
chronic colonic inflammation in experimental models [34, 35].

Several studies have demonstrated a higher incidence of MSI-H (Micro Satellites
Instability) in the cancers that develop in the setting of long-standing UC with
severe inflammation [36]. Specifically, compared with MSS stable tumors, MSI-H
tumors are characterized by a higher inflammatory burden [36]. Moreover, it has
been demonstrated that chronic inflammation is associated with an imbalance in
base excision-repair enzymes that contributes to microsatellite instability [34].

Animal model studies demonstrate how transcription signaling by NF-kB, a
master regulator of inflammation that has a key role in IBD pathogenesis, promotes
the survival of premalignant epithelial clones. IBD-mediated inflammation also pro-
motes P-catenin stability through aberrant PI3K-AKT and NF-«B signaling to fur-
ther enhance canonical Wnt activity. Epithelial STAT3 signaling is also upregulated
in active IBD [12].

CACs have increased mutation frequencies of various other intracellular and
intercellular signaling molecules. Among the most notable mutations, IL-16, a gene
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encoding a chemoattractant cytokine that is overexpressed in IBD in an inflammation-
dependent manner. IL-16 has a potential role in directly mediating inflammation
and so it has been speculated that a gene mutation encoding this protein could pro-
vide a survival advantage in the inflamed bowel. Another noteworthy mutation is in
RADIL, a gene encoding a modulator of Rho GTPase signaling in cell migration,
which might provide a selective advantage in mucosal healing [12].

Genetic studies have also compared familial CRC and CAC with the hypothesis
that variants in different genes may be associated with both cancers.

For example, p53 mutations (common to both CRC and CAC) appear to occur
earlier in carcinogenesis in CAC, as these mutations are more commonly observed in
colitis-associated dysplasia than among sporadic polyps [13, 37]. Mutations in APC
and K-ras, which are known to occur much earlier within the adenoma—carcinoma
sequence of sporadic colorectal cancer, are seen less frequently in colitis-associated
colorectal cancer and are thought to arise much later in the dysplasia—carcinoma
sequence where they promote NFkB-mediated cytokine secretion, neovasculariza-
tion, and maintenance of tumor growth [13, 37, 38].

To date more than 40 loci have been associated with familial CRC, with many of
the SNPs mapping to regions in strong linkage disequilibrium (LD) with members
of the TGF-f signaling pathway highlighting an important role for TGF-f signaling
in CRC. There is little overlap between known IBD and CRC loci in humans sug-
gesting different etiologies to both diseases [37, 39].

Nevertheless, it has also been demonstrated that the genomes of CACs and spo-
radic CRCs in humans interestingly show broad similarities. Both bear a high fre-
quency of TP53 alteration and mutations in the oncogenes KRAS, BRAF, PIK3CA,
CTNNBI, and the tumor suppressors SMAD4 and FBXW?7 are at relatively high,
albeit slightly different, frequencies [12].

Remarkably, these cancer-associated mutations do not alone cause neoplastic
growth as the mutations are detected in non-neoplastic tissue. These “key” muta-
tions might be necessary but insufficient for tumor growth, or the phenotypic effects
of these mutations are critically modulated by epigenetic and/or microenvironmen-
tal constraints present in non-neoplastic mucosa [12]. Actually, a comprehensive
understanding of carcinogenesis in IBD should not be limited to the study of muta-
tion generation and spread via the epithelial crypt stem cell niche, but should also
include a concomitant analysis of the inflammatory stromal microenvironment.
Therapeutic interventions that modulate cancer risk in IBD should also target these
aberrant microenvironmental changes [12].

Emerging studies in the field of microbiome analysis are revealing the role of the gut
microbiota and intestinal barrier function in tumorigenesis, and animal studies are
beginning to shed some light onto the complex and dynamic interplay between the
altered immune system, the aberrant gut microbiome and cancer development in
IBD. Specifically, it was hypothesized that dysbiosis, and changes in population of
microbial species including Fusobacterium nucleatum, Bacteroides or Prevotella, might
enhance CRC progression by simultaneously regulating multiple signaling cascades
which could lead to upregulation of proinflammatory responses, oncogenes, modulation
of host immune defense mechanism, and suppression of DNA repair system [40—42].
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9.3.4 Dysplastic Lesions [43]

IBD dysplastic lesions have had different denominations over the years.

The most common definition divided dysplastic lesions into two growth patterns:
flat or raised/polypoid. Raised lesions were indicated as dysplasia-associated lesion
or mass (DALM) if these lesions developed inside an inflamed area. DALMs were
subclassified in adenoma-like or nonadenoma-like lesions depending on macro-
scopic characteristics. DALM adenoma-like lesions consisted in a well-
circumscribed sessile or pedunculated polyp that was usually removed using routine
endoscopic methods similar to those for sporadic adenomas. Nonadenoma-like
DALMs included plaques, irregular nodules, and wide basis masses. These kinds of
lesions were not usually candidates for endoscopic resection [14, 44].

Anyway, a subgroup of panelists, participating to the SCENIC Consensus
Statement in 2015 developed a set of terms for colonoscopic findings in IBD sur-
veillance to establish uniformity in communication [43].

Descriptive phrases, modified from the Paris Classification, were recommended
for adoption (Tables 9.1 and 9.2).

Before this Consensus Statement, lesions were defined as dysplasia-associated
lesion or mass (DALM), adenoma-like, and nonadenoma-like.

Anyway, the consensus stated that this terminology should be abandoned.

Moreover, specific endoscopic characteristics were added, with regard to their
management.

Table 9.1 Terminology for reporting findings on colonoscopic surveillance of patients with
inflammatory bowel disease (modified from Paris Classification [43])

Term Definition
Visible dysplasia Dysplasia identified on targeted biopsies from a lesion visualized at
colonoscopy
Polypoid Lesion protruding from the mucosa into the lumen >2.5 mm
Pedunculated Lesion attached to the mucosa by a stalk
Sessile Lesion not attached to the mucosa by a stalk: entire base is
contiguous with the mucosa
Nonpolypoid Lesion with little (<2.5 mm) or no protrusion above the mucosa
Superficial Lesion with protrusion but <2.5 mm above the lumen (less than the
elevated height of the closed cup of a biopsy forceps)
Flat Lesion without protrusion above the mucosa
Depressed Lesion with at least a portion depressed below the level of the mucosa
General descriptors
Ulcerated Ulceration (fibrinous-appearing base with depth) within the lesion
Border
Distinct border  Lesion’s border is discrete and can be distinguished from surrounding
mucosa
Indistinct Lesion’s border is not discrete and cannot be distinguished from
border surrounding mucosa
Invisible dysplasia Dysplasia identified on random (non-targeted) biopsies of colon

mucosa without a visible lesion
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Table 9.2 Summary of recommendations for surveillance and management of dysplasia in
patients with inflammatory bowel disease [43]

Detection of dysplasia on surveillance co