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Abstract
Purpose—Children with intestinal failure (IF) often have gastrointestinal (GI) symptoms,
including bleeding, increased stool output, and feeding intolerance. The use of endoscopic
assessment of these symptoms has not been previously reported. This report evaluates the
diagnostic yield of GI endoscopy in the setting of IF.

Methods—After institutional review board approval, we reviewed the medical records (including
endoscopy, pathology and microbiology data) of patients with IF who underwent GI endoscopies
between September 1999 and March 2007.

Results—Twenty-seven patients underwent 61 GI endoscopies: 34
esophagogastroduodenoscopies, 17 colonoscopies, 7 flexible sigmoidoscopies, and 3 ileoscopies.
Indications for endoscopy, which were not mutually exclusive, included chronic diarrhea (39%, n
= 24), GI bleeding (36%, n = 22), suspected bacterial overgrowth (36%, n = 22), and suspected
peptic disease (15%, n = 9). Based on gross endoscopic appearance, histopathology, or
microbiology, 43 (70%) procedures yielded abnormalities. These included infectious (20%, n =
12), anatomical (18%, n = 11), peptic (15%, n = 9), allergic (15%, n = 9), and other (2%, n = 1)
findings. Eleven (73%) of 15 duodenal cultures grew a spectrum of 17 bacterial species. Overall,
24 (89%) of 27 patients had gross endoscopic, histopathologic, or microbiologic abnormalities.

Conclusions—In pediatric patients with IF, diagnostic upper and lower GI endoscopies yield
high rates of abnormalities and can help guide clinical management.

Keywords
Short bowel syndrome; Intestinal failure; Endoscopy; Esophagogastroduodenoscopy;
Colonoscopy; Bacterial overgrowth

Intestinal failure (IF) is a condition in which there is insufficient functional bowel to allow
for nutrient and fluid absorption. The management of children with IF can be difficult
because of a variety of gastrointestinal (GI) symptoms and signs, including poor weight
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gain, chronic diarrhea, GI bleeding, bacterial overgrowth of the small intestine, peptic
disease, and GI allergies [1]. Some of these symptoms may be directly related to diagnoses
resulting in IF, whereas others may be owing to complications of these conditions and/or
their treatments. These symptoms can ultimately lead to enteral intolerance and the need for
prolonged parenteral nutrition. Determining the etiology and treatment of these symptoms
based on history and physical examination alone can be difficult, but treatment is often
performed on an empirical basis because of the complex nature of these patients.

The diagnostic and therapeutic benefits of GI endoscopy in the management of patients with
inflammatory bowel disease, gastroesophageal reflux, and other conditions are well known
[2–5]. There are few published data, however, concerning the diagnostic yield of GI
endoscopy in children with IF. Our goal was to determine the diagnostic yield of these
procedures in a cohort of patients with IF followed at a single referral center.

1. Methods
After obtaining institutional review board approval, we reviewed the medical records
(including endoscopy, pathology, and microbiology data) of all patients with IF who
underwent upper and/or lower endoscopy between September 1999 and March 2007. All
children were followed by the Boston Center for Advanced Intestinal Rehabilitation (CAIR),
Children’s Hospital, Boston, Mass, a multidisciplinary program for pediatric patients with
IF. The CAIR program consists of dedicated staff in general surgery, gastroenterology,
transplant surgery, nutrition, pharmacy, nursing, and social work. Indications for endoscopy,
which were not mutually exclusive, included (1) symptoms of bacterial overgrowth, (2)
chronic diarrhea, (3) evaluation for GI bleeding, and (4) suspicion of peptic disease.

Abnormalities on endoscopy were categorized into infectious findings, anatomical
abnormalities, evidence of peptic disease, evidence of allergic disease, and other findings.
Infectious findings were defined as positive if there was growth greater than 105 organisms
per milliliter from duodenal aspirates [6] and/or severe villous blunting of the small bowel
mucosa on histopathology. Anatomical abnormalities included strictures, ulcerations, and
esophageal or gastric varices, all grossly visualized on endoscopy. Peptic disease was
defined as either gastritis or esophagitis and was diagnosed by standard histopathologic
criteria [7]. Allergic disease was diagnosed by histopathologic evidence of greater than 15
eosinophils per high-powered field, presence of eosinophils in the intramuscular layers [8,9],
or presence of clusters eosinophils in the esophageal mucosa [10].

2. Results
There were a total of 61 endoscopies performed on 27 patients (15 male) during the study
period. Table 1 shows baseline characteristics and reasons for initial endoscopy in the
cohort.

There were 61 total endoscopies: 34 esophagogastroduodenoscopies (EGD), 17
colonoscopies, 7 flexible sigmoidoscopies, and 3 ileoscopies. Seventy percent (n = 43) of
the endoscopies revealed a gross, histopathologic, or microbiologic abnormality. These
results, shown in Fig. 1, included those of normal (30%), infectious (20%), anatomical
(18%), peptic (15%), allergic (15%), and other (2%) findings.

Twelve patients were found to have infectious findings, and all but 2 of these patients had
bacteria grown from duodenal aspirates, confirming a diagnosis of bacterial overgrowth
[11,12]. For these 2 patients who did not have duodenal aspirates performed, histopathology
revealed severe villous blunting consistent with bacterial overgrowth. In total, there were 15
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duodenal aspirates obtained from 34 EGDs, and 11 (73%) grew a spectrum of 17 different
bacterial species (Table 2).

Fifty-three percent of the bacteria were gram-negative organisms, and 47% were gram-
positive organisms. The most common gram-negative organisms found were Klebsiella
(35%) and Escherichia coli (20%), whereas the most common gram-positive organisms
were Streptococcus viridans (27%) and Enterococcus (27%). Six duodenal cultures (55%)
grew both gram-positive and gram-negative organisms, whereas 4 cultures (36%) grew
strictly gram negatives, and 1 culture (9%) only grew gram-positive organisms. Nine of the
11 positive aspirates were associated with additional findings of erythema, villous atrophy,
copious duodenal fluid, or gross mucosal ulcerations. One of the patients with severe
bacterial overgrowth and lactic D-acidosis underwent a serial transverse enteroplasty after
her endoscopic findings [13].

Among the 11 anatomical findings of ulcerations, strictures, and varices, one patient
underwent a small bowel resection and stricturoplasty. This patient had GI bleeding and was
found to have gross evidence of perianastomotic ulcers that were initially managed with
sulfasalazine. She had continued GI bleeding, and when repeat lower endoscopy revealed
persistent anastomotic ulcers, she underwent surgical resection of these lesions.

Seven patients were found to have evidence of peptic disease, either gastritis or esophagitis.
Six of these patients were subsequently started on a proton pump inhibitor (PPI) or had their
PPI dose increased [14].

Previously undiagnosed allergic disease was identified in 5 patients, based on their initial
endoscopic findings. All diagnoses were made by correlating gross endoscopic appearance
with histopathologic findings [7,8,15]. As a result of these diagnoses, all 5 patients were
transitioned to a hypoallergenic formula or diet [16], and 1 patient was started on
sulfasalazine [16].

Overall, 24 (89%) of 27 patients were found to have at least one abnormality on endoscopy,
and 8 patients (30%) were found to have multiple abnormalities. Changes in clinical
management were defined as surgical intervention or a change in medical or nutritional
therapy. We noted a change in clinical management in 20 patients (83% of the 24 patients
with abnormal endoscopic findings and 74% of the 27 total patients) after their initial
endoscopies (Table 3).

Four patients had follow-up endoscopies (15%) to follow progression of the initially
diagnosed disease (eg, allergic colitis, varices). Three patients had additional endoscopies at
a later date, but most had developed new indications. One patient has required multiple
endoscopies because of persistent GI bleeding.

3. Discussion
Among 27 children with IF, because of a broad range of conditions who underwent GI
endoscopy, we found a high rate of abnormalities. Seventy percent of all procedures
demonstrated an abnormality on gross endoscopic appearance, on histopathology, or from
microbiology data. Of these 27 patients, 89% were found to have some abnormality, and
30% were noted to have multiple findings. Our data are the first to our knowledge to
document a high diagnostic yield of GI endoscopy in pediatric patients with IF.

The high incidence of peptic disease was not surprising because increased gastric secretions
[17] and hypergastrinemia [18] are well-known features of short bowel syndrome. The
findings of friability, loss of vascular pattern, and patchy erythema, and prominent
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eosinophilia are consistent with prior reports of allergic disease [15]. Patients with persistent
symptoms of bacterial overgrowth [11] despite antibiotics, or a complicated clinical picture
that did not easily lend to this diagnosis, underwent diagnostic endoscopies. Because
treatment of bacterial overgrowth is best based on speciation and sensitivities, we tailored
patients’ antibiotic regimens accordingly [12].

As with any retrospective review, selection bias may have been one factor that contributed
to our findings. Patients who were more ill and who had more complex medical issues may
have been more likely to undergo diagnostic endoscopy. The strength of our report is the
minimal variability in the interpretation of the gross appearances of the intestinal mucosa;
nearly all (57 of 61 procedures) were performed by the same pediatric gastroenterologist.

In our retrospective study, we noted a change in clinical management in 74% of these
patients based on initial endoscopic findings. Of the 27 patients, all closely followed at our
CAIR, only 4 patients required repeat endoscopies for persistent symptoms or the
development of new symptoms.

The diagnostic yield of GI endoscopy varies greatly depending on the patients who are
undergoing evaluation [19]. Among children with recurrent abdominal pain, the yield of
upper GI endoscopy is low [20], whereas among patients with proximal GI mucosal disease
[21], there appears to be a higher yield. Our overall diagnostic yield of 70% exceeds reports
of endoscopic yield in patients with Crohn’s disease [21] and other conditions.

Our patients with IF are seen in a multidisciplinary program, where their management is
discussed and formulated. If initial laboratory work, radiologic studies, and clinical
examination fail to provide a clear diagnosis for GI symptoms, GI endoscopies are typically
used for diagnostic purposes. Our findings of a high yield for GI endoscopy, as well as
therapeutic changes that generally follow these procedures, confirm that endoscopy is an
important diagnostic tool in pediatric IF.
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Fig. 1.
Distribution of findings on 61 GI endoscopies in 27 patients with IF.
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Table 1

Characteristics of 27 children with IF and indications for GI endoscopy (n = 61)

Median (interquartile range)
age (y)

1.8 (0.8, 4.5)

N (%) male sex 15 (55%)

Conditions leading to IF (n = 27) Intestinal atresias (n = 7) 26%

Necrotizing enterocolitis (n = 6) 22%

Gastroschisis (n = 4) 15%

Other (n = 4) 15%

 Pseudoobstruction

 Twin conjoinment

 Trauma

 Chylous ascites

Hirschprung disease (n = 3) 11%

Segmental volvulus (n = 3) 11%

Indications for endoscopy (n = 61) a Diarrhea (n = 36) 39%

GI bleeding (n = 34) 36%

Suspected bacterial overgrowth (n = 34) 36%

Suspected peptic ulcer disease (n = 9) 15%

a
Not mutually exclusive.
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Table 2

Spectrum of bacterial species found on duodenal aspirates

Findings on duodenal aspirates (n = 15)

No Organisms 4

Gram-positive organisms (47%)

 Enterococcus faecium 2

 Enterococcus not specified 1

 Enterococcus faecalis 1

 Staphylococcus aureus 2

 Stomatococcus 3

 S. viridans (alpha) 4

 Corynebacterium 1

 Lactobacillus not specified 1

Gram-negative organisms (53%)

 E. coli 5

 Klebsiella oxytoca 1

 Klebsiella pneumoniae 6

 Haemophilus influenzae 1

 Haemophilus not influenza 2

 Proteus mirabilis 2

 Serratia marcescens 1

 Enterobacter cloacae 1

 Pseudomonas aeruginosa 1
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