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Abstract

AIM: To assess the feasibility and utility of double
balloon enteroscopy (DBE) in the management of small
bowel diseases in children.

METHODS: Fourteen patients (10 males) with a median
age of 12.9 years (range 8.1-16.7) underwent DBE;
5 for Peutz-Jeghers syndrome (PJ syndrome), 2 for
chronic abdominal pain, 4 for obscure gastrointestinal
(GI) bleeding, 2 with angiomatous malformations (1
blue rubber bleb nevus syndrome) having persistent GI
bleeding, and 1 with Cowden’s syndrome with multiple
polyps and previous intussusception. Eleven procedures
were performed under general anesthesia and 3 with
deep sedation.

RESULTS: The entire small bowel was examined in 6
patients, and a length between 200 cm and 320 cm
distal to pylorus in the remaining 8. Seven patients
had both antegrade (trans-oral) and retrograde (trans-
anal and via ileostomy) examinations. One patient
underwent DBE with planned laparoscopic assistance.

144

Jgn?s:iﬁmg"‘ WJG | www.wjgnet.com

56

The remaining 6 had trans-oral examination only. The
median examination time was 118 min (range 95-195).
No complications were encountered. Polyps were de-
tected and successfully removed in all 5 patients with
PJ syndrome, in a patient with tubulo-villous adenoma
of the duodenum, in a patient with significant anemia
and occult bleeding, and in a patient with Cowden’s
syndrome. A diagnosis was made in a patient with mul-
tiple angiomata not amenable to endotherapy, and in 1
with a discrete angioma which was treated with argon
plasma coagulation. The source of bleeding was identi-
fied in a further patient with varices. DBE was normal
or revealed minor mucosal friability in the remaining 3
patients. Hence a diagnostic yield of 11/14 with thera-
peutic success in 9/14 was achieved.

CONCLUSION: Double balloon enteroscopy can be a
useful diagnostic and therapeutic tool for small bowel
disease in children, allowing endo-therapeutic interven-
tion beyond the reach of the conventional endoscope.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The advent of flexible fiberoptic endoscopes transformed
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the diagnosis and management of gastrointestinal (GI) dis-
orders in adults and children, allowing direct visualization
with targeted mucosal biopsies. Furthermore, endo-thera-
peutic procedures have now been possible throughout the
upper GI tract and ileo-colon. However, the small bowel
distal to the ligament of Trietz is inaccessible to conven-
tional GI endoscopes. Recently, push enteroscopy, allow-
ing the therapeutic endoscopist access up to 70-100 cm
beyond the pylorus“"q, intra-operative enteroscopy tech-
niques which are relatively invasive®™, and wireless video
capsule endoscopy (WCE) which affords excellent diag-
nostic yield combined with lack of morbidity but is non-
therapeutic[w], have been performed.

Double balloon enteroscopy (DBE) is a more
recent modality which enables high resolution endo-
scopic imaging of the entire small bowel, allowing
interventional endo-therapy (e.g. non-variceal hemostasis,
snare polypectomy and pneumatic balloon stricture
dilatation)"""?. Tt is clear that this technology could allow
treatment of lesions, possibly identified by WCE or other
less invasive investigations such as magnetic resonance
imaging (MRI) enteroclysis, in parts of the small bowel
inaccessible to standard endoscopy, and hence may
preclude the need for formal surgical approaches in such
children. We present the first pediatric-only experience of
DBE, although 2 predominantly adult seties have included
a few children with an age range up to 20 years and no

specification as to those under 16 years' ",

MATERIALS AND METHODS

We prospectively collected the following data on all
consecutively enrolled children between January 2004 and
December 2007. All had undergone upper endoscopy,
ileo-colonoscopy, and most had had WCE. Various
imaging techniques had been employed but none had
undergone virtual CT. The double balloon enteroscopy
system (Fujinon; Fujinon Inc., Japan) (Figure 1) consists
of a high resolution video enteroscope (EN-450P5/20)
with a flexible over-tube (TS-12140), as well described
elsewhere. The enteroscope has a working length of
200 cm and an outer diameter of 8.5 mm. The flexible
over-tube has a length of 140 cm and outer diameter
of 12 mm. Two enteroscopes are available, currently
with 2.2 mm and 2.8 mm working channels, allowing
therapeutic intervention. The enteroscopes and over-tube
have balloons fitted at the distal tip of each, which are
sequentially inflated and deflated with air from a pressure
controlled pump system with a maximum inflatable
pressure of 45 mmHg;

Specifics of the procedure are not provided here as
these have been well documented elsewhere and do not
differ in pediatric practice compared to that in adults.
Patients received bowel preparation as for colonoscopy
in anticipation of a trans-anal approach. For bowel
preparation, Senokot 1-2 mg/kg (max 30 mg) and sodium
picosulphate 2.5-10 g (depending on age) were given on
the evening prior to the day of procedure with sodium
picosulphate repeated on the morning of the procedure.
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The new double balloon enteroscopy (DBE)
system features the following components
An EN-450P5/20 video enteroscope

A 400 (VP-402, XL-402) processor

A TS-12140 overtube

BS-1 balloons

A PB-10 balloon controller

Figure 2 Double balloon tattoo.

The preference was for general anesthesia but mod-
erate conscious sedation was employed in the older
patients in one centre. If the terminal ileum (TT) was not
reached then the most distal part of the small bowel ne-
gotiated was “tattooed” in the sub-mucosal plane with an
endo-needle (Figure 2). The DBE could then be repeated
via the trans-anal route and retrograde movement from
the TI proximally was attempted to attain the marked
area. No external compression, fluoroscopy, or other aides
were necessary or useful in aiding intubation. No anti-
spasmodics were employed, and air rather than carbon
dioxide was insufflated. If lesions were encountered it
was usual practice to treat as they were encountered rather
than on withdrawal in case the lesions were not then
found again. Potential adverse events such as pancreatitis,
perforation, or bowel damage due to traction or torsion
around the mesentery have been reported in the adult
literature. Two of the authors (Thomson M and Jaacobs M)
petformed all of the DBE having attained competence in
DBE in adult patients first. Training and learning curves
for this procedure are, it is estimated by the procedurists,
similar to that encountered in ileo-colonoscopy, and
clearly it is not yet apparent in pediatric practice how
many DBE procedures are necessary in order to attain a
high degree of competence.

Patients

Fourteen patients (10 males), median age 12.9 years
(range 8.1-16.7), median weight 39.6 kg (range 24.1-67.3)
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1  WCE: ?small sessile polyp in mid-small bowel
Intra-operative enteroscopy with polypectomy
MRI enteroclysis: normal

3 OGD: polyps in stomach and duodenum
MRI: 3 big polyps in small bowel

4 WCE: multiple polyps in mid-small bowel

5  WCE: possible polyp in ileum

6  WCE: ?polyps seen in small bowel, ?intermittent intussusception
Colonoscopy: polyp in rectum

WCE: normal, Abdominal Ultrasound: enlarged spleen

WCE: no source of bleeding

@

OGD, WCE: lymphonodular hyperplasia in duodenum of little
clinical significance

OGD, WCE: no positive findings

OGD, Ileo-colonoscopy, WCE: multiple blue rubber bleb nevus
lesions throughout bowel

WCE: angioma in small bowel

WCE: polyp in mid-small bowel

WCE: multiple polyps seen throughout the small bowel including
a lymphangitic polyp

10
11

12
13
14

DBE: Double balloon enteroscopy; WCE: Wireless video capsule endoscopy;
OGD: Gastroduodenoscopy.

underwent DBE. Indications: patients 1-5 for Peutz-
Jeghers syndrome (PJS); patients 6-7 for recurrent
abdominal pain; patients 8, 9, 10 and 13 for obscure
GI bleeding. Patients 11 and 12 had, respectively; blue
rubber bleb nevus syndrome and an angioma identified
by WCE, and had transfusion-dependent persistent
GI bleeding. Patient 14 had Cowden’s syndrome with
previous episode of intussusceptions. Thirteen patients
had undergone WCE and 1 MRI enteroclysis (Table 1).

Eleven patients received general anesthesia and 3
procedures were performed under sedation with fentanyl
and midazolam. Thirteen patients had trans-oral DBE,
of whom 6 patients also had trans-anal, and 1 patient
had trans-stomal DBE through an ileostomy. One
patient underwent intra-operative DBE.

RESULTS

The results of this investigation suggest that DBE is both
useful and feasible in children with small bowel disease.
The entire small bowel was examined in 6 patients, either
trans-oral alone or with both trans-oral and trans-anal
DBE. When TI was not attained, trans-oral progression
was assessed as approximately 200 to 320 cm beyond
the pylorus (Table 2), based on the assumption that each
set of maneuvers to advance the enteroscope traversed
around 30 cm of bowel with diminishing distance
the more attempts at advancement were made. No
fluoroscopy was used hence these estimates of distance
attained are presumptive. The median examination time
was 118 min (range 95-195). No complications of DBE
were encountered, and mild post-procedure abdominal
discomfort, as occurs secondary to bowel insufflation in
some ileo-colonoscopies, was temporary and controlled
easily with simple analgesia.
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Patients 1-5 were known to have PJS. Patient 1 had not
undergone WCE, and both trans-oral and trans-anal DBE
allowed the whole small bowel to be visualized. No polyps
were found in the small bowel; however a rectal polyp
was resected which confirmed PJS on histology. Patient
2 had undergone previous intra-operative enteroscopy
with polypectomy, and DBE revealed a presumably new
small polyp in the jejunum which was removed. Patient
3 underwent laparoscopic-assisted DBE and 7 polyps
were removed. The postoperative period was complicated
by pelvic abscess requiring surgical drainage, but no
intestinal perforation had occurred, hence the reason
for the laparoscopic complication was unclear. Patient 4
had multiple sessile polyps in the jejunum and patient 5
had one PJS polyp removed from the mid jejunum. It is
therefore suggested that PJS patients undergo WCE prior
to DBE and if no polyps are found, then no DBE should
take place.

Patients 6 and 7 had recurrent abdominal pain as
the main presenting complaint with multiple negative
investigations. Patient 6 had a family history of PJS and
WCE had suggested a polyp in the mid-ileum. However,
trans-oral (200 cm post-pylorus) and trans-anal (35 cm
proximal to ileo-cecal valve) DBE failed to identify a
polyp. Patient 7 presented with recurrent abdominal pain
over 3.5 years (repeated upper GI endoscopy and ileoco-
lonoscopy were inconclusive), and WCE had suggested
proximal jejunal polyps. Trans-oral DBE demonstrated
thickened folds in the proximal jejunum, which on his-
tology proved to be a tubulo-villous adenoma. Surveil-
lance enteroscopy after 1 year identified progression to
intra-mucosal catcinoma. Surgical excision of the affect-
ed bowel and pancreas has proved curative. Clearly, this
finding is very uncommon and the literature does not
suggest an incidence in this age group. Of course, it is
not suggested that all patients with recurrent abdominal
pain undergo DBE. Clear clinical indication and warn-
ing signs such as a family history of polyp syndromes, in
spite of negative WCE, are reasonable pointers towards
DBE.

Patients 8-13 were investigated for GI bleeding. Pa-
tient 8 was transfusion-dependent and DBE was non-
contributory since esophago-gastric varices were identi-
fied which could also have been identified and treated by
standard upper GI endoscopy, although prior to transfer
to our unit this procedure had not identified the varices.
Mid-small bowel varices were not found at DBE. Patient
9 was investigated for obscure GI bleeding and trans-
oral DBE did not reveal a bleeding site. Subsequently a
Meckel’s scan, initially negative, was repeated, found to
be positive and surgical resection occurred. Had trans-
anal DBE been performed this may have identified the
Meckel’s diverticulum, but this was not attempted due to
a technical failure of the system and remains conjectural.
The technical failure was due to the distal balloon butst-
ing and is not considered as a dangerous adverse event.

Patient 10 had intestinal aganglionosis, an ileostomy
and a gastrostomy, and presented with a 3-year history
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Patient No. Age/Sex Indication Approach Complete /incomplete Findings

1 13/M PJS Oral +anal ~ Complete Rectal polyp

2 12/M PJS Oral 320 cm' Small polyp in jejunum

3 16/M PJS Intra- Complete 3 small polyps removed endoscopically

operative and 3 large polyps removed surgically

4 11/M PJS Oral 250 cm' Multiple polyps in mid-small bowel

5 9/M PJS Oral Incomplete Mid-small bowel polyp

6 10/F Chronic abdominal pain Oral +anal ~ Up to 200 cm' trans-orally, 35 cm  Normal

TI proximal to ICV trans-anally

7 16/M Chronic abdominal pain with family Oral + anal ~ Complete Tubulo-villous adenoma in duodenum;
history of colorectal carcinoma Lymphoid aggregates in ileum

8 11/M Upper GI bleeds/ possible vascular Oral 300 cm' Grade 1 esophageal varices; no source
malformation found in small bowel

9 16/M Occult bleeding Oral 200 cm" No source found

10 8/M Occult bleeding Oral + via ileal Complete Increased friable mucosa throughout the

stoma small bowel

11 12/F Blue rubber bleb syndrome with Oral +anal 200" cm trans-orally, 50 cm Numerous angiomas throughout small
persistant GI bleeding proximal to ICV trans-anally bowel not amenable to therapy

12 9/F Angioma Oral Incomplete Angioma identified: APC applied

13 16/M Occult bleeding with significant Oral +anal ~ Complete Polyp 40 cm from TI: removed
anemia

14 12/F Cowden’s syndrome Oral +anal ~ Complete Multiple polyps: 2 snare polypectomies;

Meckel’s diverticulum found

'Post-pylorus distance achieved. PJS: Peutz-Jeghers syndrome; ICV: Ileo-caecal valve; APC: Argon plasma coagulation.

of transfusion-dependent obscure GI bleeding. DBE
identified very friable small bowel mucosa with contact
bleeding, but no histological diagnosis was concluded
with normal biopsies obtained. Patient 11 had transfu-
sion-dependent recurrent GI bleeding due to multiple le-
sions consistent with blue rubber bleb nevus syndrome,
identified in the colon at colonoscopy, and throughout
the small bowel at DBE (Figure 3). Argon plasma co-
agulation (APC) was used in order to ablate some of the
lesions and transfusion requirement diminished. The ex-
tensive nature of the lesions precluded definitive surgery
and further DBE is planned, but has not occurred to
date, therefore post-APC images are not available. How-
ever, transfusion dependency in both patients 10 and 11
had ceased.

Patient 12 had angioma detected in the mid-small
bowel on WCE. This was identified with DBE, and APC
was applied. Patient 13 presented with occult bleeding
and significant anemia, and a polyp was detected in the
small bowel on WCE. At DBE, a 4 mm polypoid struc-
ture was found (Figure 4A) and removed (Figure 4B).
Patient 14 had Cowden’s syndrome with a history of in-
tussusception. DBE revealed presence of multiple sessile
polyps and polypectomies wetre petrformed on 2 polyps.
Incidentally, a Meckel’s diverticulum was found (Figure 5)
in this patient.

No patients referred and considered for DBE wete
rejected, i.e. there seems no reason not to consider this
minimally invasive approach. No complications occurred
in the 13 patients who had DBE alone without intra-
operative assistance. Significant post-procedure abdominal
pain was not encountered, and only paracetamol was
needed to counter minor abdominal discomfort, except
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in the individual who had undergone laparoscopy. All
patients were in-patients although it is anticipated that day
case procedures ate viable. No evidence of pancreatitis,
perforation or bowel damage was encountered, and the
intra-abdominal abscess could have been the result of a
micro-perforation rather than bowel damage due to the
laparoscope, although the authors consider this unlikely.
All patients were allowed home with no evidence of
significant complications or discomfort within 24 h of the
DBE being performed. All of those who did not undergo
polypectomy wete allowed home on the same day as the
procedure. The longest duration at 195 min has to be
considered as a long endoscopic procedure, but this has to
be counter-balanced by the relative lack of invasiveness of
the technique.

DISCUSSION

Flexible GI endoscopy is sufficient for diagnostic and
therapeutic procedures in the vast majority of pediatric
cases, and in adult patients with obscure GI bleeding
this procedure is known to determine the source in up
to 90% of cases. However, in the small number of cases
where the pathology is confined to the small bowel
beyond the reach of conventional endoscopy, WCE
and DBE have been recently employed. In our series
the entire small bowel was examined in 6/14 patients
in whom trans-oral and trans-anal approaches were
combined. One cannot claim that DBE diagnosed the
disease in this seties of patients, but it can be considered
that it had a very important role in treatment. In all
patients with PJ syndrome polyps were detected. Prior
to the advent of these technologies, modalities such
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Figure 4 Polyp detected (A) and removed (B).

as push enteroscopy (PE) have had limited pediatric
exposure due to safety concerns. In children, 80% of
all mucosal lesions identified and biopsied by PE, and
20% of therapeutic procedures performed, were beyond
the reach of a standard Gl endoscopeml. Small bowel
series, angiography, scintigraphy and enteroclysis have
been used with variable results in the evaluation of adult
patients with obscure GI bleedjng[ls’m]. WCE has recently
attained the position of investigation of first choice
for such diagnoses, while intra-operative enteroscopy,
despite its invasive quality, has been the mainstay in the
subsequent treatment of obscure GI bleeding in children
and adults™""?,

Wireless capsule endoscopy (WCE) has been
compared favorably with intra-operative enteroscopy for

(49
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Figure 5 Meckel’s diverticulum.

the diagnosis of obscure bleeding in adults, with 95%
sensitivity and 75% specificity'”. WCE has been found
to be diagnostically superior to PE?" and barium
follow through/CT scan in obscure GI bleeding, and has
been recently evaluated in children™. WCE is, however,
non-therapeutic by its nature, and since the imperative
in pediatric gastroenterology is the drive to diagnosis by
mucosal histology, this is a shortcoming of WCE.

Trans-oral and, if necessary, subsequent trans-anal
DBE allow therapeutic interventions such as polypectomy,
hemostasis, balloon dilatation and placement of stents
for the whole of the small bowel”. In a prospective
comparative study between WCE and DBE in patients
with obscure GI bleeding, the diagnostic rate was 80%
for WCE and 60% for DBE; however, 51% of the
patients had therapeutic intervention using argon plasma,
underlining the therapeutic utility of DBE®. In a recent
large retrospective analysis of 152 patients undergoing
DBE for obscure GI bleeding in adults, 75% had the
potential source of bleeding detected and, for 83% of
patients, management was changed as a direct result of
DBE™!. Yamamoto has described full small intestinal
examination in 86% of adults using DBE®. DBE in this
seties of children had a diagnostic yield of 11/14, and
therapeutic success in 9/14 was achieved. Cleatly if a
regional or national small bowel diagnostic and therapeutic
centre is contemplated then the duality of WCE and
DBE is mandatory to achieve the goals of diagnosis and
treatment without operative intervention, which should
be the goal of a pediatric endoscopic centre of excellence.
Hence, with the results of our prospective DBE study
a case could be made for the discontinuation of push
enteroscopy in the investigation and treatment of children
with suspected small bowel pathology.

Complications have been reported in the literature
with DBE, including intestinal perforation[26’27], pan-
creatitis™ and paralytic ileus™. However, the only comp-
lication in our group of children occurred secondary to
surgical intervention in the child who underwent intra-
operative DBE.

Training remains an issue with no clear resolution
attempted by this small series which included only two
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experienced endoscopists.

In conclusion, double balloon enteroscopy is a useful
diagnostic and therapeutic tool for the investigation
of small bowel disease. It is useful in conjunction with
WCE for optimizing diagnostic potential in the small
bowel and offering a therapeutic option. It is also of
benefit in situations where diagnosis has not been
reached by other investigative modalities, and particularly
in those lesions amenable for therapeutic intervention
endoscopically, but not reachable by the conventional
endoscope.
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