
Vol:.(1234567890)

Digestive Diseases and Sciences (2022) 67:2882–2890
https://doi.org/10.1007/s10620-021-07342-2

1 3

ORIGINAL ARTICLE

Learning Curve of Endoscopic Retrograde Cholangiopancreatography 
Using Single‑Balloon Enteroscopy

Kunihiro Hosono1  · Takamitsu Sato1 · Sho Hasegawa1 · Yusuke Kurita1 · Shin Yagi1 · Akito Iwasaki2 · Yuji Fujita3 · 
Yusuke Sekino4 · Emiko Tanida5 · Takaomi Kessoku1 · Shingo Kato1 · Takuma Higurashi1 · Masato Yoneda1 · 
Kensuke Kubota1 · Atsushi Nakajima1

Received: 12 July 2021 / Accepted: 11 November 2021 / Published online: 1 January 2022 
© The Author(s) 2021

Abstract
Background Endoscopic retrograde cholangiopancreatography (ERCP) in patients with surgically altered anatomy is techni-
cally difficult. Extensive training is required to develop the ability to perform this procedure.
Aims To investigate the learning curve of single-balloon-assisted enteroscopy ERCP (SBE-ERCP).
Methods We conducted a retrospective, observational case series at a single center. We evaluated the SBE-ERCP procedures 
between April 2011 and February 2021. The main outcomes were the rate of reaching the target site and the success rate of 
the entire procedure. These parameters were additionally expressed as a learning curve.
Results A total of 687 SBE-ERCP procedures were analyzed. The learning curve was analyzed in blocks of 10 cases. In this 
study, seven endoscopists, experts in conventional ERCP, were included. The overall SBE-ERCP procedural success rate was 
92.2% (634/687 cases). Combining all data from individual endoscopists’ evaluation periods, the insertion and success rates 
of the SBE-ERCP procedures gradually increased with increased experience performing SBE-ERCP. The insertion success 
rates for the number of SBE-ERCP cases (< 20, 21–30, > 30) were 82.9%, 92.9%, and 94.3%, respectively; the procedure 
success rates were 74.3%, 81.4%, and 92.9%, respectively. The endoscopists who had performed > 30 SBE-ERCP cases had 
a success rate of ≥ 90%.
Conclusions Our results suggest that performing > 30 cases is one of the targets for conventional ERCP experts to become 
competent in performing SBE-ERCP in patients with a surgically altered anatomy.

Keywords Learning curve · Single-balloon-assisted enteroscopy · Endoscopic retrograde cholangiopancreatography · 
Surgically altered anatomy

Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) 
is an important procedure in the treatment of pancreatic and 
biliary diseases. The ERCP success rate is approximately 
90–95% in patients with normal gastrointestinal anatomy 
[1]. However, performing ERCP using conventional endo-
scopes is technically difficult and often unsuccessful in 
patients with a surgically altered anatomy. The ERCP 
success rate in patients with a surgically altered anatomy 
is lower than that in patients with normal anatomy [2, 3] 
because it is difficult to reach the target site, such as the bile 
duct jejunal anastomosis, through the long limb after diges-
tive tract reconstruction [4–8].

Balloon-assisted enteroscopy is an effective tech-
nique for deep insertion in the small intestine. The first 
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balloon-assisted enteroscopy, termed ERCP (BAE-ERCP), 
was reported in 2005 by Haruta et  al., who performed 
ERCP and treated an anastomotic stricture in a patient with 
Roux-en-Y gastrectomy [9]. Subsequently, the ERCP tech-
nique for patients with a surgically altered gastrointestinal 
anatomy has advanced dramatically, and good outcomes of 
BAE-ERCP have been reported [10–13]. The success rates 
of reaching the target site and ERCP-related procedures are 
73–100% and 85–100%, respectively [14, 15]. Although 
the demand for the BAE-ERCP procedure is increasing, it 
requires a high level of skill and is not yet a routine proce-
dure that can be performed in any facility. Therefore, exten-
sive training is required to develop the ability to perform 
this procedure. According to the guidelines of the American 
Society for Gastrointestinal Endoscopy, to achieve compe-
tency in ERCP with normal anatomy and learn basic skills, 
trainees should perform at least 200 ERCP procedures [16]. 
However, the number of BAE-ERCP procedures required 
to attain learner competency is unknown. Regarding BAE-
ERCP procedures, various techniques are required to achieve 
complete procedural success, such as endoscope insertion, 
cannulation, stone removal, and stent insertion, among 
others. Currently, few studies have evaluated the learning 
curves and competence in BAE-ERCP procedures regarding 
these relevant endpoints. This study aimed to investigate 
the learning curve of the BAE-ERCP procedure. This study 
examined the learning curve of single-balloon-assisted ent-
eroscopy ERCP (SBE-ERCP) because our institution has 
only single-balloon enteroscopy (SBE) as a balloon-assisted 
enteroscopy for ERCP.

Materials and Methods

Study Design

This study was a retrospective, observational case series that 
included patients who were treated at the endoscopy center 
of Yokohama City University Hospital (YCUH), a tertiary 
referral teaching hospital in Yokohama, Japan. This study 
complied with the Declaration of Helsinki and was approved 
by the Research Ethics Committee of The Yokohama City 
University (Approval number: B191200004). The study was 
registered at University Hospital Medical Network Clinical 
Trials Registry with clinical trial number UMIN000043441.

On average, 800 ERCP procedures are performed each 
year at the center. Information on the SBE-ERCP procedure 
data was retrieved from our unit database between April 
2011 and February 2021. Information on patient characteris-
tics, history of gastrointestinal tract surgery, indications, suc-
cess in reaching the target site, insertion time, findings, and 
interventions using SBE-ERCP, procedure outcome, overall 

procedure time, and adverse events were all retrieved from 
the clinical records.

Patients

Patients with surgically altered gastrointestinal anatomy who 
were referred for SBE-ERCP for a broad range of indications 
such as obstructive jaundice, bile duct stones, biliary stric-
ture, stricture of bile duct jejunal anastomosis, pancreatic 
indication, and others were included. From all patients, writ-
ten informed consent was obtained prior to the procedure.

SBE‑ERCP Procedure

Seven expert endoscopists with no prior SBE-ERCP expe-
rience participated in the study. At our facility, the same 
endoscopist inserted the endoscope and performed the ERCP 
procedures. In each case, the endoscopic procedure was per-
formed by the patient’s attending physician. They had per-
formed > 400 conventional ERCPs in patients with normal 
anatomy and > 300 colonoscopies before the present study. 
Only one endoscopist had experienced about 10 cases of 
conventional balloon enteroscopy beforehand, but the other 
endoscopists had no experience. These also include expe-
rience with other institutions. Each SBE-ERCP procedure 
was performed using SIF-Q260 (working channel diameter, 
2.8 mm; working length, 200 cm; Olympus Medical Sys-
tems, Tokyo, Japan). During the procedure, all patients were 
consciously sedated and carbon dioxide gas insufflation was 
used through the endoscope. A disposable distal attachment 
(D-201-10704; Olympus) was attached to the enteroscope 
tip. When the endoscope reached a bifurcation point such as 
the Brown anastomosis, it was marked with a clip (EZ clip; 
Olympus) as a landmark. After the endoscope reached the 
target site, such as the papilla, cannulation into the biliary or 
pancreatic duct was tried using an ERCP catheter (tapered 
tip 250 cm; MTW-Endoskopie, Wesel, Germany).

Main Outcome Measures

The primary outcomes were the rate of endoscope insertion 
and the success rate of the entire procedure of SBE-ERCP. 
These parameters were additionally expressed as a learning 
curve. Endoscope insertion success was defined as success-
ful arrival at the target site using an SBE. Cannulation suc-
cess was defined as successful cannulation into the target 
duct to obtain cholangiography and/or pancreatography. 
Procedural success was defined as successful diagnostic and 
therapeutic interventions, such as stent insertion/removal, 
stone extraction, pancreaticobiliary duct dilation, sphincter-
otomy, and anastomotic dilation, among others. If the endo-
scope insertion or procedure had failed for 30 min, a differ-
ent endoscopist continued the procedure; if this procedure 
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was successful, the learning curve evaluation defined the 
procedure as having failed. The secondary outcome was the 
incidence of adverse events. Adverse events were assessed 
according to the American Society for Gastrointestinal 
Endoscopy severity grading system [17]. Adverse events 
were documented based on a review of the medical record.

Statistical Analysis

Results are shown as means [± standard deviations (SDs)] 
for quantitative variables, medians (range) for nonparamet-
ric variables, and percentages for categorical variables. Cat-
egorical variables were analyzed using Fisher’s exact test. 
The Tukey–Kramer test was used as a multiple comparison 
test. The learning curve analysis was performed separately 
for each endoscopist. The data for each endoscopist were 
analyzed in blocks of 10 cases, based on the methods of 
past study [18]. The data were plotted against time, and 
we tested the trend of the success rate in each block using 
logistic regression analysis. The proportion of complica-
tions between patients who underwent each surgical gas-
trointestinal reconstruction and those who underwent other 
reconstructions was examined with a Chi-square test. All 
statistical analyses were performed using JMP Pro 15.0 soft-
ware program (SAS institute, Japan). A P value of < 0.05 
indicated a statistically significant difference.

Results

Demographics

A total of 687 procedures were performed with SBE-ERCP. 
The mean (± SD) age was 69.9 (± 13.1) years, and 500 
patients were male (72.7%). The demographic and clini-
cal characteristics of all patients are shown in Table 1. The 
most common reconstruction technique was hepaticojeju-
nostomy with Roux-en-Y gastrectomy (HJ), performed in 
335 patients (48.8%), followed by pancreaticoduodenectomy 
(PD) in 161 patients (23.4%), Roux-en-Y gastrectomy (R-Y) 
in 122 patients (17.8%), and Billroth-II gastrectomy with 
Brown anastomosis (B-II) in 52 patients (7.6%). Of the 
122 patients who underwent R-Y gastrectomy, 120 had gas-
tric cancer and the remaining 2 had gastroduodenal ulcer. 
Other techniques in 17 patients (2.5%) included gastroje-
junal bypass (14 patients) and the Imanaga method (three 
patients). Moreover, there were no patients who underwent 
gastric bypass surgery. The most common indication that 
led to SBE-ERCP was bile duct stones (39.8%), followed 
by obstructive jaundice (20.5%) and stricture of bile duct 
jejunal anastomosis (20.5%).

Outcomes of SBE‑ERCP

Results of SBE-ERCP procedures are summarized in 
Table 2. The overall success rate of endoscope insertion 
was 94.6% (650/687 cases). The percentage of patients 
who had undergone R-Y, B-II, PD, HJ, and other recon-
struction techniques were 96.7, 98.1, 96.9, 91.9, and 100%, 
respectively. Overall mean insertion time was 22.1 min 
(range 3–79 min), and there was no significant difference 
according to structural anatomies. The overall cannula-
tion success rate was 93.3% (641/687 cases). The overall 
success rate of the entire procedure was 92.2% (634/687 
cases). According to the reconstruction technique, the per-
centage of patients who had undergone R-Y, B-II, PD, HJ, 
and other reconstruction techniques were 93.4%, 96.2%, 
94.4%, 89.9%, and 100%, respectively. The success rate 
of procedures performed by a single endoscopist was 
83.5% (574/687 cases). Then, 113 cases were switched 
to another endoscopist to continue the procedure, and 
60/113 cases (53.1%) were successful. The overall mean 
procedural time was 57.3 min (range 12–151 min). The 
mean procedural time was longer in R-Y than in the other 
groups (vs B-II; P = 0.0016, vs PD; P < 0.0001, vs HJ; 
P = 0.0001). No significant differences were found in the 
other parameters.

In Table 3, when compared to the group with native 
papilla (R-Y and B-II) and bilioenteric anastomosis (PD and 
HJ), the success rate of cannulation and the entire procedure 
of SBE-ERCP were not significantly different. On the other 
hand, entire procedural time of the native papilla group was 
longer than that of the other groups.

The outcomes of the 53 unsuccessful procedures were 
as follows: 25 cases underwent follow-up or conservative 
treatment, 10 cases underwent additional percutaneous 

Table 1  Patient characteristics

Age, mean (range), years 69.9 (± 13.1)
Sex (male/female), n 500/187
Surgical reconstruction methods, n (%)
Roux-en-Y gastrectomy (R-Y) 122 (17.8)
Billroth-II gastrectomy (B-II) 52 (7.6)
Pancreaticoduodenectomy (PD) 161 (23.4)
Hepaticojejunostomy with Roux-en-Y (HJ) 335 (48.8)
Others 17 (2.5)
Indication, n (%)
 Obstructive jaundice 141 (20.5)
 Bile duct stones 273 (39.8)
 Biliary stricture 51 (7.5)
 Stricture of bile duct jejunal anastomosis 141 (20.5)
 Pancreatic indication 68 (9.9)
 Others 13 (1.9)
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procedures, 11 cases underwent interventional-EUS proce-
dures, and 7 cases underwent surgery.

Learning Curve of SBE‑ERCP

The endoscope insertion success rate was analyzed in blocks 
of 10 cases. For example, the results of one endoscopist who 
had previously experienced a conventional enteroscopy 
performed were 50% (0–10 cases), 80% (11–20 cases), 
90% (21–30 cases), and 100% (31–40 cases). When all the 
endoscopist's individual data for the evaluation periods were 
combined, the overall success rate of the endoscope inser-
tion had gradually increased with the total number of SBE-
ERCP procedures performed (Fig. 1A). Logistic regression 
analysis showed a statistically significant improvement in 
endoscope insertion with increasing experience over time 
(P = 0.002). In a result of SBE-ERCP per block of 10 times, 
the insertion success rate was 82.9% for 11–20 SBE-ERCPs, 

92.9% for 21–30 SBE-ERCPs, and 94.3% for 31–40 SBE-
ERCPs (Table 4). Thus, after > 20 cases, the endoscope 
insertion success rate reached ≥ 90%.

The success rate of the procedure was analyzed in blocks 
of 10 cases. For example, the results of one endoscopist 
who had previously experienced a conventional enteros-
copy performed were 40% (0–10 cases), 70% (11–20 cases), 
80% (21–30 cases), and 100% (31–40 cases). When all the 
endoscopist's individual data for the evaluation periods were 
combined, the overall success rate of the procedure had 
gradually increased with the total number of BAE-ERCPs 
performed (Fig. 1B). Logistic regression analysis showed a 
significant improvement in the procedure with increasing 
experience over time (P < 0.001). In the analysis of SBE-
ERCP per block of 10 times, the procedural success rate 
was 74.3% for 11–20 SBE-ERCPs, 81.4% for 21–30 SBE-
ERCPs, and 92.9% for 31–40 SBE-ERCPs (Table 4). Thus, 
after > 30 cases, the procedural success rate reached ≥ 90%.

Table 2  Overall procedural 
success of SBE-ERCP

The Tukey–Kramer test was used as a multiple comparison test
R-Y Roux-en-Y gastrectomy, B-II Billroth-II gastrectomy, PD pancreaticoduodenectomy, HJ hepaticojeju-
nostomy with Roux-en-Y, SBE-ERCP single-balloon-assisted enteroscopy endoscopic retrograde cholan-
giopancreatography
*P < 0.05

Total RY B-II PD HJ Others
n = 687 122 52 161 335 17

Endoscope insertion success, n (%) 650 (94.6) 118 (96.7) 51 (98.1) 156 (96.9) 308 (91.9) 17 (100)
Insertion time, Mean (min) 22.1 23.7 21.9 19.4 23.2 18.5
Cannulation success,  n (%) 641 (93.3) 115 (94.3) 50 (96.2) 153 (95.0) 306 (91.3) 17 (100)
Procedural success,  n (%) 634 (92.2) 114 (93.4) 50 (96.2) 152 (94.4) 301 (89.9) 17 (100)
Procedural time, Mean (min) 57.3 71.7* 52.1 50.4 54.9 55.2

Table 3  Comparison of 
results between groups with 
native papilla and bilioenteric 
anastomosis

R-Y Roux-en-Y gastrectomy, B-II Billroth-II gastrectomy, PD pancreaticoduodenectomy, HJ hepaticojeju-
nostomy with Roux-en-Y
*P < 0.05

Native papilla (RY 
and B-II)

Bilioenteric anastomosis 
(PD and HJ)

P value

n = 174 n = 496

Cannulation success,  n (%) 165 (94.8) 459 (92.5) 0.26
Procedural success,  n (%) 164 (94.2) 453 (91.3) 0.17
Interventions,  n (%)  < 0.001*
 Stone extraction 111 (63.8) 103 (20.8)
 Endoscopic sphincterotomy 14 (8.0) 3 (0.6)
 Endoscopic papillary balloon dilation 70 (40.2) 0 (0)
 Balloon dilation of stenotic anastomosis 0 (0) 64 (12.9)
 Biliary plastic stenting 29 (16.7) 125 (25.2)
 Biliary metallic stenting 13 (7.5) 8 (1.6)
 Endoscopic pancreatic drainage 6 (3.4) 19 (3.8)

Entire procedural time, mean (min) 66.3 52.9 < 0.001*
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Adverse Events

The adverse events are shown in Table 5. The overall inci-
dence of adverse events was 6.3% (43/687 procedures). 
The most frequent adverse event was pancreatitis (1.7%; 
12/687 procedures). All patients who developed pancreati-
tis had mild pancreatitis and were successfully treated with 
conservative therapy. Obvious perforation occurred in 10 
patients (1.5%). For five patients, emergency surgery was 
performed, and all patients recovered well. In the other five 
patients, the perforated part was clipped and conservatively 
treated until they had recovered. According to the recon-
struction technique, the rates of adverse events were 9.8% 
in R-Y, 15.4% in B-II, 4.3% in HJ 4.5% in HJ, 5.9% in other 

Fig. 1  All trainee performance 
in SBE-ERCP. The average 
success rate was calculated in 
blocks of 10 cases. A Probabil-
ity of achieving an endoscope 
insertion plotted against the 
number of SBE-ERCPs per-
formed. B Probability of achiev-
ing a procedure plotted against 
the number of SBE-ERCPs 
performed. The solid line shows 
the entire group, and the dotted 
line shows the standard devia-
tions + 1 and − 1

Table 4  Success rates of endoscope insertion and procedure per-
formed by trainees for successive groups of 10 procedures

SBE-ERCP single-balloon-assisted enteroscopy endoscopic retro-
grade cholangiopancreatography

Successive SBE-
ERCP blocks

Trainees, n Successful endo-
scope insertion, %

Successful 
procedure, %

1–10 7 74.3 64.3
11–20 7 82.9 74.3
21–30 7 92.9 81.4
31–40 7 94.3 92.9
41–50 6 96.7 93.3
51–60 6 95.0 91.4
61–70 4 95.0 92.5
71–80 3 96.7 96.7

Table 5  Adverse events (n = 687 
procedures)

R-Y Roux-en-Y gastrectomy, B-II Billroth-II gastrectomy, PD pancreaticoduodenectomy, HJ hepaticojeju-
nostomy with Roux-en-Y
*P < 0.05

Total R-Y B-II PD HJ Others
n = 687 122 52 161 335 17

Pancreatitis,  n (%) 12 (1.7) 6 4 1 1 0
Perforation,  n (%) 10 (1.5) 2 2 2 4 0
Mucosal laceration,  n (%) 9 (1.3) 2 2 1 4 0
Cholangitis,  n (%) 6 (0.9) 1 0 3 2 0
Peritonitis 3 (0.4) 0 0 0 3 0
Biliary tract injury,  n (%) 1 (0.1) 0 0 0 1 0
Air embolus,  n (%) 1 (0.1) 0 0 0 0 1
Hemorrhage 1 (0.1) 1 0 0 0 0
Total,  n (%) 43 (6.3) 12 (9.8) 8 (15.4) 7 (4.3) 15 (4.5) 1 (5.9)
P value 0.058 0.004* 0.285 0.081 0.968
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techniques. In B-II reconstruction, the adverse event occur-
rence rate was significantly higher in B-II than in other tech-
niques (P = 0.004).

Result of the Seven Trainees According to Their 
Experience During the Study Period

Based on our results, we set 30 cases as the borderline that 
delineated trainee from expert and compared the results 
in each period (Table 6). In the two groups, there was no 
difference in the surgical reconstruction methods. If the 
endoscopist was replaced and the procedure was successful, 
it was defined as a failure in this learning curve evaluation. 
There were no significant differences in insertion time, pro-
cedure time, and the incidence of adverse events; however, 
the endoscope insertion and procedure success rates were 
significantly higher in the expert period.

Discussion

This retrospective study investigated the learning curve of 
the SBE-ERCP procedure. Our findings indicate that per-
forming > 30 cases is one of the targets to become compe-
tent in performing SBE-ERCP in patients with a surgically 
altered anatomy. ERCP-related procedures using a balloon 
endoscope are especially useful and less invasive than per-
cutaneous or surgical procedures to treat patients with pan-
creaticobiliary diseases who have a surgically altered anat-
omy. Many studies have examined the efficacy and safety of 
BAE-ERCP [10–13]. However, the BAE-ERCP procedure 
is technically challenging and requires extensive experience 

and skills specific to an endoscopist. Therefore, the suc-
cess rate of BAE-ERCP varies by study and institution. For 
example, in a meta-analysis that examined double balloon 
enteroscopy-assisted ERCP [19], the integrated success rate 
of endoscope insertion was 89.7% (95% CI 79.6–94.3%); 
however, differences among the studies ranged from 69 to 
100%. In addition, the success rate of the procedures ranged 
from 42 to 81%, while the integrated success rate was 63.5% 
(95% CI 53.7–72.8%). The major problem with the differ-
ences among these studies is that the number of cases varies 
among the reports. In addition, the improvement in the skills 
that endoscopists gained over time should be considered; 
however, the learning curve remained unknown. Therefore, 
we examined the learning curve of SBE-ERCP. Although 
there are currently no guidelines which state the minimum 
acceptable success rate for SBE-ERCP, we set a target suc-
cess rate of ≥ 90%. We considered that competent ERCP 
endoscopists should be able to cannulate the duct of inter-
est in > 90% of ERCP procedures in patients with a normal 
gastrointestinal anatomy [16].

In our study, regarding endoscope insertion, a suc-
cess rate of > 90% was achieved when endoscopists had 
performed 20 cases, and for each successful procedure, 
a success rate of > 90% was achieved when endoscopists 
had performed > 30 cases. Comparing the results of the 
period before and after having performed 30 cases at the 
advanced level, the endoscope insertion and procedure 
success rates were significantly higher. Therefore, 30 cases 
might be an achievement point. In a previous study that 
examined learning curves, the number of cases to become 
a competent endoscopist in ERCP with a normal anatomy 
is defined as 200 cases [18]. All the endoscopists in this 

Table 6  A comparison of 
outcomes between the number 
of SBE-ERCP cases below and 
above 30

R-Y Roux-en-Y gastrectomy, B-II Billroth-II gastrectomy, PD pancreaticoduodenectomy, HJ hepaticojeju-
nostomy with Roux-en-Y, SBE-ERCP Single-balloon-assisted enteroscopy endoscopic retrograde cholan-
giopancreatography
*P < 0.05

Number of SBE-ERCP cases 1–30 cases More than 30 cases P value
(n = 211) (n = 476)

Surgical reconstruction methods,  n (%)
 R-Y 42 (19.9) 80 (16.8) 0.32
 B-II 17 (8.1) 35 (7.4) 0.74
 PD 56 (26.5) 105 (22.1) 0.20
 HJ 94 (44.5) 241 (50.6) 0.14
 Others 5 (2.4) 12 (2.5) 0.90

Endoscope insertion success,  n (%) 182 (86.3) 436 (91.6) 0.032*
Insertion time, mean, min 23.8 20.4 0.081
Procedural success,  n (%) 162 (76.8) 412 (86.6) 0.001*
Procedure time, mean, min 57.5 57.1 0.51
Adverse event,  n (%) 11 (5.2) 29 (6.1) 0.65
Switch to another endoscopist,  n (%) 49 (23.2) 64 (13.4) 0.001*
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study had already performed > 400 ERCP cases and were, 
therefore, experts in ERCP. However, for all endoscopists, 
this was their first experience with SBE-ERCP. In a pre-
vious study that analyzed the learning curve of balloon 
enteroscopy in patients with a normal anatomy, 10 cases 
were required for oral insertion and 20 cases for trans-anal 
insertion [16]. SBE-ERCP is a combined procedure of bal-
loon enteroscopy and ERCP; therefore, we initially esti-
mated that approximately 10–20 cases would be required 
to become acquainted with the balloon enteroscopy tech-
nique. However, our study revealed that > 30 cases were 
required. This is because SBE-ERCP requires a different 
technique compared to conventional enteroscopy. In fact, 
the learning curve of those who had experience with con-
ventional enteroscopy was similar to that of all groups. 
The ability to handle various difficult cases, such as selec-
tive endoscope intubation into the afferent loop, intestinal 
adhesions, identification of papilla, selective cannulation, 
and limitations of conventional ERCP instruments for the 
balloon enteroscope, is necessary. To manage these dif-
ficulties and increase the success rate of the procedure, 
our institution employs several techniques. For example, 
the SBE is a forward-viewing endoscope without an ele-
vator function; thus, cannulation with SBE into a native 
papilla is technically difficult. Placing the papilla in an 
adequate position and maintaining its stability are chal-
lenging tasks for a trainee endoscopist. In cases where the 

papilla is in a tangential position relative to the endoscope, 
and there is an insufficient distance between the papilla 
and the endoscope, a retro-reflex position [20], such as a 
J-turn position, is effective. Moreover, a soft transparent 
plastic cap may be useful to assist in visualizing or steady-
ing the native papilla for cannulation (Fig. 2. cap-assisted 
cannulation technique) [21, 22]. When selective biliary 
cannulation has failed, a precut technique is performed 
using a needle-knife (HF needle, length 250 cm; MTW-
Endoskopie, Wesel, Germany). These techniques can be 
performed after approximately 30 BAE-ERCP cases.

The overall incidence of adverse events was 6.3%. The 
complication rate of BAE-ERCP was reported to be 6.27% 
(95% CI 2.61–11.38%) by meta-analyses [23]. Therefore, our 
results seem to be within the acceptable range. The adverse 
events in our study occurred evenly throughout the learning 
curve. The frequency of adverse events differed depending 
on the surgical technique (Table 5). This finding suggests 
that patient factors may have a greater influence on adverse 
events than endoscopist factors. Other studies [24, 25] indi-
cate that B-II reconstruction is associated with a high risk 
of complications in BAE-ERCP because of the prevalence 
of naïve papilla cases and the anatomical reason of the short 
and tight distance between the Treitz ligament and the gas-
tro-jejunal anastomosis. Therefore, BAE-ERCP procedures 
in patients with B-II reconstruction should be performed 
with caution.

Fig. 2  Cap-assisted cannulation 
technique. A Complete observa-
tion of the ampulla of Vater by 
use of a cap in single-balloon 
enteroscopy. B In this view, the 
axis of the bile duct is tangential 
to the catheter (dashed arrow); 
it is difficult to cannulate to the 
bile duct. C First, the distance 
of the catheter tip and cap is 
kept constant. Next, by hooking 
the papilla with a cap by endo-
scopic manipulation, it becomes 
possible to align the bile duct 
axis and cannulate. D Success-
ful cholangiography
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There are several limitations to this study. The first is 
that it is a retrospective, observational case series study, 
and bias cannot be completely ruled out due to the vary-
ing difficulties of each case. The problem with non-rand-
omized case series data is that the different mix of cases 
treated by each endoscopist can potentially conceal the 
true learning effects. Consequently, we have mitigated this 
issue by using several mixed case series of 10 cases for 
each endoscopist, referring to the methods of the moving 
average analysis [26]. The second limitation is that this is 
a single-center study. The success of each procedure was 
subject to interpretation; increased confidence gained dur-
ing our experience could have led to the perceived increase 
in the success of the procedure. Despite these limitations, 
to our knowledge, our study included many cases (> 680) 
compared to other studies, and we analyzed the results of 
seven different endoscopists. The third limitation is that 
this study used only an SBE. Currently, there is also a dou-
ble-balloon endoscope as a balloon-assisted endoscope; 
however, it has been reported that the endoscope insertion 
rate and procedure success rate of both are almost similar 
[27]. Another limitation of this study is that not all trainees 
had the opportunity to perform > 100 SBE-ERCP cases 
during formal training. Further studies with more cases 
are required in the future.

Conclusion

This is the first study that evaluated the SBE-ERCP learn-
ing curve for endoscopists. Our data showed that the suc-
cess rates of endoscope insertion and procedure increased 
with increasing experience in ERCP in patients with a sur-
gically altered anatomy, reaching > 90% in 20 cases for 
insertion, and > 90% in > 30 cases for the procedure. These 
results suggest that performing > 30 cases is one of the 
targets to become competent in performing SBE-ERCP.
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