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Abstract
Background and Aims  Surgically altered gastrointestinal (GI) tract anatomy hinders deep enteroscopy. While enteroscopy-
assisted endoscopic retrograde cholangiopancreatography (ERCP) in patients with altered GI anatomy has been heavily 
investigated, the role of non-ERCP balloon-assisted enteroscopy (BAE) has yet to be fully elucidated.
Methods  A multicenter retrospective study of non-ERCP BAEs in patients with surgically altered GI tract anatomy at two 
tertiary academic hospitals was performed from January 2006 to December 2020. Altered GI tract anatomy was defined 
by surgical reconstruction affecting the length, angle, or overall trajectory of the endoscope during the intended approach. 
The main outcome measurements included technical success rate, diagnostic and therapeutic yields, and complication rate.
Results  A total of 68 patients with surgically altered GI tract anatomy underwent 56 antegrade and 24 retrograde non-ERCP 
BAE procedures. The technical success rate was 86.2% in both, including 83.9% via antegrade approach and 91.7% via retro-
grade approach. Antegrade approach in Roux-en-Y anatomy was associated with the lowest success rate of 77.8%, whereas 
retrograde approach in patients with colon resection resulted in the highest rate of 100%. The diagnostic and therapeutic 
yields of non-ERCP BAE were 79.4% and 82.9%, respectively. The diagnostic yields varied according to the procedural 
indications. The major complication was luminal perforation in one case (1.3%).
Conclusions  Non-ERCP BAE is effective and safe via both antegrade and retrograde approaches with a high technical suc-
cess rate and diagnostic and therapeutic yields in patients with surgically altered GI tract anatomy.

Keywords  Balloon enteroscopy · Double-balloon enteroscopy · Single-balloon enteroscopy · Gastrointestinal tract · 
Surgical anastomosis

Introduction

Since overtube-assisted double-balloon enteroscopy (DBE) 
was firstly introduced in 2001 as a new method of deep ent-
eroscopy [1], balloon-assisted enteroscopy (BAE) heralded 
a new chapter in extensive endoscopic examination of the 
small intestine. Unlike other diagnostic modalities of the 
small intestine such as computed tomography or magnetic 
resonance enterography, or wireless capsule endoscopy, 
enteroscopy offers therapeutic intervention as along with 
diagnosis of the small bowel pathology. The advantages of 
BAE include relatively long insertion depth and noninva-
siveness compared with push enteroscopy and intraoperative 
enteroscopy [2, 3].

However, surgically altered gastrointestinal (GI) tract 
anatomy is a major obstacle preventing successful BAE. 
First, areas that are easily reached via BAE in patients with 
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native anatomy may no longer be accessible. Second, intra-
abdominal adhesions due to past laparotomies create sharp 
angles, which are difficult to navigate with larger-diameter 
enteroscope and result in a long length of insertion. Third, 
the presence of an anastomosis increases the risk of perfora-
tion during the procedure [4].

Previous studies in surgically altered GI tract anatomy 
mostly focused on enteroscopy-assisted endoscopic ret-
rograde cholangiopancreatography, ERCP [5–8]. BAE 
increases the success rate of ERCP in patients with anatomi-
cal alterations of GI that prevent access to the pancreatico-
biliary system via conventional endoscopy. In a systematic 
review, the overall success rate of BAE-assisted ERCP in 
patients with surgically altered GI tract anatomy was 74%, 
with variations according to the type of surgical anatomy 
[8]. However, few studies have evaluated non-ERCP indica-
tions [9–11]. Further, these studies are weak in study design, 
including a single-center design, inadequate sample size, and 
a relatively small number of retrograde BAEs.

Therefore, the aim of our study was to evaluate the suc-
cess rate, efficacy, and safety of both antegrade and retro-
grade non-ERCP BAE procedures in patients with surgically 
altered GI tract anatomy using enteroscopy databases from 
two academic hospitals.

Methods

Study Population

The present study was designed as a multicenter retrospec-
tive study of patients with surgically altered GI tract anat-
omy who underwent BAE at two tertiary academic hospitals 
(Seoul St. Mary’s Hospital and Soonchunhyang University 
Hospital, Seoul, Korea) from January 2006 to December 
2020. Altered GI tract anatomy was defined by surgical 
reconstruction affecting the length, angle, or overall trajec-
tory of the endoscope during the intended approach [12]. 
Patients with surgically altered GI tract that was irrelevant 
to the examination (e.g., a patient with Roux-en-Y anatomy 
who was undergoing a retrograde BAE) were excluded from 
the analysis (n = 12). BAE-assisted ERCP was not evaluated 
in this study.

Data were collected from the electronic medical records 
and enteroscopy reports from the two hospitals above. The 
details included patients’ sex, age, type of surgical anat-
omy, indication for procedure, procedural duration, esti-
mated depth of BAE insertion, technical success, diagnos-
tic yield, therapeutic yield, and adverse events. The depth 
of insertion was estimated by landmarks rather than metric 
distance because the destination often was anatomic. This 
study was approved by an independent Institutional Review 
Board (IRB Number: XC21RCDI0121, date of approval 

2021-09-17) and conformed to the ethical guidelines of the 
1975 Helsinki Declaration. Informed consent was waived for 
this retrospective study in accordance with the Institutional 
Review Board.

Endoscopic Procedure

BAE was performed by five expert endoscopists from two 
institutions with experience involving more than 100 BAE 
procedures. The decision of whether to perform the BAE via 
antegrade and/or retrograde approaches was dependent on 
the endoscopist choice based on the patient’s clinical pres-
entation and prior endoscopy and radiology findings. All 
BAEs were performed after obtaining appropriate informed 
consent.

Enteroscopy procedures were performed using a commer-
cially available DBE system (EN-450P5, T5 or EN-530T; 
Fujinon, Inc., Saitama, Japan) or a single-balloon enter-
oscopy (SBE) system (Olympus Optical Co., Ltd., Tokyo, 
Japan). The selection of the insertion route depended on the 
suspected lesion location which was based on pre-procedure 
examinations such as capsule endoscopy or cross-sectional 
imaging. In the BAE via antegrade approach, patients were 
nil by mouth for at least 8 h before the procedure. In the 
BAE via retrograde approach, patients were prepared for 
colonoscopy using at least 2 L polyethylene glycol–elec-
trolyte lavage solution the day before the procedure, which 
was the accepted protocol at that time. BAE procedures 
were performed on patients monitored via anesthesia with a 
fluoroscopy unit. All BAE procedures were performed under 
conscious and moderate sedation with intravenous mida-
zolam administered by endoscopists following the sedation 
protocol of each center. BAEs were performed in standard 
fashion for DBE and SBE, respectively. Most enteroscopic 
therapeutic interventions including hemostasis, balloon dila-
tation, and polypectomy were performed in the same manner 
as duodenoscopy or colonoscopy.

Definitions

Technical success was defined by access to the intended 
anatomical area based on the procedural goal regardless of 
diagnosis or therapy. Diagnostic yield was defined as achiev-
ing any pertinent findings associated with the procedural 
indications [11]. BAEs performed during follow-up exami-
nation, established diagnosis, or therapeutic interventions 
such as removal of bezoar were excluded from the calcula-
tion of diagnostic yield. Therapeutic yield was defined as 
the number of BAE procedures successfully able to perform 
appropriate endoscopic treatment for the pertinent indication 
of the procedure. Biopsy procedures for diagnosis were not 
included in this calculation.
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Statistical Analysis

Descriptive statistics were used to characterize the demo-
graphic features of the study population. Continuous vari-
ables were expressed as mean (± standard deviation). Cat-
egorical variables were expressed as number (percentage) 
and compared between groups using χ2 or Fisher’s exact 
test as appropriate. All data analyses were performed using 
R software version 4.1.0.

Results

A total of 80 non-ERCP BAE procedures involving 68 
patients (58.8% male) with surgically altered GI anatomy 
were included. Patients’ mean age was 56.7 years (range 
21–84 years, Table 1). Two most common indications for 
non-ERCP BAE were intestinal obstruction (n = 21) and 
obscure GI bleeding (n = 20). The other indications were fol-
lowed by therapy (n = 16), abdominal pain (n = 9), polypo-
sis or neoplastic evaluation (n = 5), Crohn’s disease (n = 5), 
and others (n = 4). BAE for therapy included small bowel 
polypectomy (n = 5), removal of migrated stent (n = 5) or 
impacted bezoar (n = 4), small bowel stent placement (n = 1) 
and perforation closure (n = 1). Based on the type of enteros-
copy, 48 (60%) procedures were performed with SBE. Based 
on the approach route, 56 (70%) BAEs were performed via 
antegrade approach, and 24 (30%) BAEs via retrograde 
approach.

Based on surgically altered GI tract anatomy, small bowel 
resection (n = 22, 39.3%) was the most frequent type of sur-
gical anatomy in the antegrade approach of BAE, which was 
followed by total gastrectomy with Roux-en-Y esophagoje-
junostomy (n = 10, 17.9%), common bile duct (CBD) resec-
tion with Roux-en-Y hepaticojejunostomy (n = 8, 14.3%), 
pylorus-preserving pancreaticoduodenectomy (n = 7, 
12.5%), subtotal gastrectomy with Billroth-II anastomosis, 
and Whipple operation (n = 2, 3.6%, Table 2). In case of 
BAE via retrograde approach, small bowel resections were 
performed in 14 (58.3%), whereas colon resection alone was 
done in 10 cases (41.7%).

The technical success rate, diagnostic yield, and thera-
peutic yield of non-ERCP BAE were 86.2% (69/80), 79.4% 
(54/68), and 82.9% (34/41), respectively (Table 3). Based 
on the approach route, the technical success rate, diagnostic 
yield, and therapeutic yield of BAE via antegrade approach 
were 83.9%, 80.4%, and 82.1%, respectively, and 91.7%, 
77.3%, and 84.6%, respectively, via retrograde BAE. In case 
of antegrade approach, the technical success rate of BAE in 
patients with Roux-en-Y anatomy was lower than in those 
with non-Roux-en-Y anatomy, although the difference was 
not statistically significant (77.8% vs. 86.8%, p = 0.448). In 
case of retrograde approach, all BAE procedures of patients 

who underwent only colon resection were successful, 
whereas the technical success rate in patients who underwent 
small bowel resection was 84.6%. However, there was no 
statistically significant difference (p = 0.448). Dividing the 
diagnostic yield according to the indications for the proce-
dure, diagnostic BAEs indicated for polyposis or neoplastic 
evaluation and Crohn’s disease were all successful, whereas 
the diagnostic yield of BAE was 55.6% when the indica-
tion was abdominal pain (Table 4). One major complication 
(luminal perforation) occurred during BAE via antegrade 
approach. It was managed by surgically primary closure.

Findings with positive diagnostic yield and successful 
therapeutic interventions are presented in Table 5. The most 
common diagnosis was luminal stenosis (35.2%, 19 of 54 
procedures), followed by ulcer (22.2%, 12 of 54 procedures) 
and angioectasia (9.3%, 5 of 54 procedures). The most com-
mon successful therapeutic intervention was clip placement 
(32.4%, 11 of 34 procedures), followed by balloon dilata-
tion (29.4%, 10 of 34 procedures) and polypectomy (11.8%, 

Table 1   Characteristics of patient and balloon-assisted enteroscopy

Values are presented as mean ± SD or n (%)
BAE balloon-assisted enteroscopy, SBE single-balloon enteroscopy, 
DBE double-balloon enteroscopy
*Therapies include small bowel polypectomy, removal of migrated 
stent or impacted bezoar, small bowel stent placement, and perfora-
tion closure
† Others include evaluation of ampulla of Vater abnormality, post-
operation follow-up, and jejunal wall thickening on computed tomog-
raphy

Patients (n = 68)

Sex
 Male 40 (58.8%)
 Female 28 (41.2%)

Age, years (range) 56.7 ± 18.0 (21–84)
BAE (n = 80)
 Procedure indication
 Intestinal obstruction 21 (26.2%)
 Obscure gastrointestinal bleeding 20 (25.0%)
 Therapy* 16 (20.0%)
 Abdominal pain 9 (11.2%)
 Polyposis or neoplastic evaluation 5 (6.3%)
 Crohn’s disease 5 (6.3%)
 Others† 4 (5.0%)

Type of enteroscopy
 SBE 48 (60.0%)
 DBE 32 (40.0%)

Route
 Antegrade 56 (70.0%)
 Retrograde 24 (30.0%)

Total procedure time (min) 58.6 ± 36.4
Time elapsed to deepest point (min) 40.0 ± 21.7
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4 of 34 procedures). Figure 1 shows representative images 
of therapeutic interventions by BAE. We also analyzed the 
long-term outcomes after therapeutic interventions with a 
median follow-up period of 12 months (range 2–24 months). 
After hemostasis via clip placement or argon plasma coagu-
lation, rebleeding occurred in 16.7% (2 of 12 procedures), 
of which one patient was treated with transcatheter arterial 
embolization. After resolution of intestinal obstruction via 
balloon dilatation or small bowel stent placement, relapse of 

obstruction or luminal narrowing occurred in 46.2% (6 of 13 
procedures), of which two patients underwent small bowel 
segmental resection with adhesiolysis.

Discussion

Although BAE has been performed widely in patients with 
surgically altered GI tract, such studies were mainly focused 
on BAE-assisted ERCP. Only a few studies focusing non-
ERCP BAE were reported, and most of them analyzed only 
antegrade BAE [9, 11]. Our study investigated a relatively 
large number of non-ERCP BAEs including both antegrade 
and retrograde examinations in patients with surgically 
altered GI tract affecting the insertion route. In our study, 
we found a high technical success rate (86.2%) of non-ERCP 
BAE in such patients, which was comparable to that of BAE 
involving normal GI tract anatomy [13, 14]. Diagnostic and 
therapeutic yields were satisfactory. In addition, the effi-
cacy of retrograde BAE was comparable to that of ante-
grade BAE. All procedures associated with colon resection 
alone were technically successful. Our results confirm the 
safety and effectiveness of non-ERCP BAE in patients with 
surgically altered GI tract anatomy in both antegrade and 
retrograde approaches.

Enteroscopy has been developed for endoscopic mucosal 
inspection and treatment of the small intestine. The BAE 
facilitates deeper evaluation of small intestine with a special-
ized overtube device [3, 15]. The grip-and-pull technique, 
in which the balloon on the tip of the overtube grips the 
intestinal wall and the examiner pulls both the endoscope 
and the overtube while holding the intestine, enables intes-
tinal pleating over the overtube and shortening of the length 
to allow insertion of the endoscope deeper into the intes-
tine in normal bowel anatomy [13, 16]. However, in surgi-
cally altered GI tract, the small intestine is more difficult to 
inspect via BAE due to tortuosity, postoperative peritoneal 
adhesions, or anastomotic strictures [17]. Nevertheless, BAE 
is frequently indicated for surgically altered anatomy due to 
the increased frequency of anastomotic stenosis, bleeding, 
or small bowel perforation in the operated intestine [10]. 
Also, capsule endoscopy is usually not indicated for surgi-
cally altered anatomy because of the high risk of retention 
and the inability to examine excluded portions of the small 
bowel [18].

The technical success rate of all 80 antegrade and retro-
grade BAEs in patients with surgically altered GI tract anat-
omy was as high as 86.2%, which is comparable to the rates 
of 83–92% reported in previous studies [9, 11, 18]. However, 
the previous studies only included 9 to 57 non-ERCP BAEs. 
Further, the retrograde BAEs were ranged between 4 and 
7 examinations [9, 11]. The high technical success rate of 
BAE persisted even in altered GI tract anatomy that affected 

Table 2   Altered gastrointestinal surgical anatomy and depth of endo-
scope insertion in each approach route of balloon-assisted enteros-
copy

Values are presented as n (%)
GI gastrointestinal, CBD common bile duct
*Colon resections include right hemicolectomy (4), low anterior 
resection (3), anterior resection (1), cecectomy (1), and descending 
colon segmental resection (1)

Antegrade approach (n = 56)

Altered GI surgical anatomy
– Small bowel resection 22 (39.3%)
– Total gastrectomy with Roux-en-Y esophagojejunos-

tomy
10 (17.9%)

– CBD resection with Roux-en-Y hepaticojejunostomy 8 (14.3%)
– Pylorus preserving pancreaticoduodenectomy 7 (12.5%)
– Subtotal gastrectomy with Billroth-II anastomosis 3 (5.4%)
– Whipple operation 2 (3.6%)
– Distal gastrectomy with loop gastrojejunostomy and 

Braun jejunojejunostomy
1 (1.8%)

– Duodenojejunostomy 1 (1.8%)
– Duodenojejunostomy and gastrojejunostomy 1 (1.8%)
– Choledochoduodenostomy 1 (1.8%)
Depth of endoscope insertion
– Proximal jejunum 16 (28.6%)
– Mid-jejunum 8 (14.3%)
– Distal jejunum 12 (21.4%)
– Proximal ileum 2 (3.6%)
– Mid-ileum 0 (0.0%)
– Distal ileum 3 (5.4%)
– Duodenum 5 (8.9%)
– Uncertain 10 (17.9%)
Retrograde approach (n = 24)
Altered GI surgical anatomy
– Small bowel resection 12 (50.0%)
– Colon resection* 10 (41.7%)
– Ileocolectomy 1 (4.2%)
– Small bowel resection and anterior resection 1 (4.2%)
Depth of endoscope insertion
– Distal ileum 18 (75.0%)
– Mid-ileum 3 (12.5%)
– Proximal ileum 2 (8.3%)
– Uncertain 1 (4.2%)
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the insertion route based on the analysis of a number of 
antegrade and retrograde examinations. Antegrade BAE in 
Roux-en-Y anatomy was associated with a technical suc-
cess rate of 77.8%. Because Y-branching of the small bowel 
prevented access via conventional endoscopy, various types 
of endoscopy have been attempted to reach the afferent limb 
in Roux-en-Y anatomy [19, 20]. BAE is the preferred option 
for this difficult anatomy and associated with high technical 
success, which is consistent with the results of our study [18, 
21]. Retrograde BAE in colon resection anatomy showed a 
technical success rate of 100%, probably because the colon 
is larger in diameter than small intestine and colonic stenosis 
is rare even after colectomy.

Diagnostic and therapeutic yields were as high as 80% 
in our study, consistent with the results of previous studies. 
Most of the related studies reported that the diagnostic yield 
of BAE in surgically altered GI tract anatomy was compa-
rable to the diagnostic yield of BAEs in normal anatomy [9, 
11, 18]. In studies investigating BAE in normal anatomy, 

Table 3   Technical success and diagnostic and therapeutic yields of balloon-assisted enteroscopy in 80 patients with altered gastrointestinal sur-
gical anatomy

Values are presented as n (%)
RY Roux-en-Y
*Diagnostic yield was evaluated only for BAE cases performed for diagnostic purposes (total, n = 68; antegrade approach, n = 46; retrograde 
approach, n = 22)
† Therapeutic yield was evaluated only in cases of therapeutic BAE (total, n = 41; antegrade approach, n = 28; retrograde approach, n = 13)

Total Antegrade approach Retrograde approach p
(n = 80) (n = 56) (n = 24)

Technical success 69 (86.2%) 47 (83.9%) 22 (91.7%) 0.490
RY anatomy 14/18 (77.8%) Small bowel resection 11/13 (84.6%)
Non-RY anatomy 33/38 (86.8%) Colon resection only 11/11 (100.0%)
p 0.448 p 0.482

Diagnostic yield* 54 (79.4%) 37 (80.4%) 17 (77.3%) 0.758
Therapeutic yield† 34 (82.9%) 23 (82.1%) 11 (84.6%) 1.000
Total procedure time (min) 60.7 ± 39.3 54.1 ± 29.4 0.475
Time elapsed to deepest point 

(min)
40.3 ± 22.7 39.2 ± 19.9 0.851

Complication 1 (1.3%) 1 perforation

Table 4   Diagnostic yield according to the indication for BAE exami-
nation

Procedure indication Patients, n Diagnos-
tic yield 
(%)

Intestinal obstruction 21 76.2
Obscure gastrointestinal bleeding 20 80
Abdominal pain 9 55.6
Polyposis or neoplastic evaluation 5 100
Crohn’s disease 5 100

Table 5   Findings with positive diagnostic yield and therapeutic inter-
ventions performed in technically successful procedures

Values are presented as n (%)

Findings with positive diagnostic yield (n = 54)

– Luminal stenosis 19 (35.2%)
– Site: deep duodenum–jejunum (9), ileum (10)
– Presence of ulcer: ulcerated (14), non-ulcerated (5)
– Ulcer 12 (22.2%)
– Angioectasia 5 (9.3%)
– Exclusion of suspected condition 4 (7.4%)
– Tumor 4 (7.4%)
– Polyp 2 (3.7%)
– Enteritis 2 (3.7%)
– Bezoar 1 (1.9%)
– Papillitis of ampulla of Vater 1 (1.9%)
– Prominent ampulla of Vater 1 (1.9%)
– Perforation due to biliary catheter 1 (1.9%)
– Small bowel varix 1 (1.9%)
– Ulcer with visible vessel 1 (1.9%)
Therapeutic intervention (n = 34)
– Clip placement 11 (13.8%)
– Balloon dilatation 10 (13.8%)
– Polypectomy 4 (6.2%)
– Small bowel stent placement 3 (3.8%)
– Removal of impacted bezoar 3 (3.8%)
– Removal of migrated stent 2 (3.8%)
– Argon plasma coagulation 1 (1.2%)
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the diagnostic yield ranged from 50 to 80% for DBE and 
from 58 to 65% for SBE [22–27]. Diagnostic yield might 
vary according to the indication. In a study involving more 
than 2000 DBEs, the diagnostic yield was greater than 80% 
in patients with Peutz–Jeghers syndrome and less than 20% 
in patients with abdominal pain or diarrhea [28]. Also in our 
study, the diagnosis of internal obstruction and polyposis 

was relatively easy due to clear endoscopic findings associ-
ated with higher diagnostic yield, but low when the indica-
tion was abdominal pain.

The present study has some limitations. First, because 
the study populations were limited to Korean, procedures 
such as bariatric surgery performed in the West were not 
included. In case of bariatric surgery, Roux-en-Y gastric 

Fig. 1   Representative images 
of therapeutic interventions by 
BAE. a Clip placement. b Bal-
loon dilatation. c Polypectomy. 
d Removal of migrated stent. e 
Removal of impacted bezoar
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bypass was mostly performed, which may be associated with 
a low technical success rate and diagnostic and therapeutic 
yields [12, 29, 30]. Second, although our study was a mul-
ticenter study consisting of two tertiary academic hospitals, 
each hospital used only one type of endoscope, either DBE 
or SBE. Therefore, comparison based on the endoscope type 
could be biased. Third, due to the retrospective nature of 
this study, whether or not the small bowel was thoroughly 
observed was judged based on the electronic medical record. 
We defined the success of the examination when the exam-
iner achieved any pertinent finding or performed appropri-
ate endoscopic treatment after they succeeded to insert the 
scope at the area of interest.

In conclusion, non-ERCP BAE is effective and safe with a 
high technical success rate in patients with surgically altered 
GI tract anatomy, which is demonstrated in both antegrade 
and retrograde approaches. Despite differences depending 
on the indication, non-ERCP BAE is associated with a suf-
ficiently high diagnostic yield and provides the intended 
therapy regardless of the type of therapeutic intervention. 
Further prospective studies on the effectiveness and safety of 
BAE according to the diverse types of surgical anastomosis 
are needed.
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