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Feasibility of Cap-Assisted Endoscopic Retrograde Cholangiopancreatography 
in Patients with Altered Gastrointestinal Anatomy
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Background/Aims: Endoscopic retrograde cholangiopan-
creatography (ERCP) is technically challenging in patients 
with altered gastrointestinal (GI) anatomy. We evaluated 
the feasibility of cap-assisted ERCP in patients with altered 
GI anatomy. Methods: The outcome of ERCP procedures 
(n=136) was analyzed in 78 patients with Billroth II (B-II) 
gastrectomy (n=72), Roux-en-Y total gastrectomy (n=4), and 
hepaticoduodenostomy (n=2). The intubation rate for reach-
ing the papilla of Vater (POV), deep biliary cannulation rate, 
therapeutic interventions and procedure-related complica-
tions were analyzed. All of the procedures were conducted 
using a cap-fitted forward-viewing endoscope. Results: The 
rate of access to the POV was 97.1% (132/136). In cases 
with successful access, selective biliary cannulation was 
achieved in 98.5% (130/132) of the patients. The success-
ful biliary cannulation rates were 100% (125/125) for B-II 
gastrectomy, 50% (2/4) for Roux-en-Y gastrectomy and 100% 
(3/3) for hepaticoduodenostomy. After selective biliary can-
nulation, therapeutic interventions, including stone extrac-
tion (n=57), sphincterotomy (n=54), stent placement (n=37), 
nasobiliary drainage (n=20), endoscopic papillary balloon 
dilatation (n=7) and mechanical lithotripsy (n=15), were per-
formed successfully. The procedure-related complication rate 
was 8.8% (12/136), including immediate bleeding (5.9%, 
8/136), pancreatitis (2.2%, 3/136), and perforation (0.7%, 
1/136). There were no procedure-related deaths. Conclu-
sions: Cap-assisted ERCP is efficient and safe in patients 
with altered GI anatomy. (Gut Liver 2015;9:109-112)
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INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP) is 
used for the diagnosis and treatment of pancreatobiliary dis-
ease.1 Experienced endoscopists have high cannulation rates in 
an intact stomach, equal to or above 95%.2 However, patients 
with altered gastrointestinal (GI) anatomy present a challenge 
to the therapeutic endoscopist. The success rate of ERCP in pa-
tients with a prior Billroth II (B-II) gastrectomy vary from 52% 
to 92%.3-7 

The degree of difficulty of ERCP has been suggested as an 
objective way of assessing outcomes on the basis of procedural 
difficulty. The B-II diagnostic ERCP has been suggested as dif-
ficulty grade 2, and B-II therapeutic as difficulty grade 3.8 Two 
problems are inherent in B-II ERCP. First, the afferent loop in-
tubation can be difficult because of the sharp angulations of the 
anastomosis or a long afferent loop, especially in a Braun anas-
tomosis, or sometimes because of loop formation at the Treiz 
ligament. The second problem is that the cannulation has to be 
done in an opposite direction.9 To overcome the problems, vari-
ous techniques have been introduced for the successful ERCP 
in patients with a B-II gastrectomy, including using a cap-fitted 
forward-viewing endoscope, a single-balloon or a double-bal-
loon enteroscope, an anterior oblique-viewing endoscope, and a 
multibending endoscope.10-16

However, experience with these techniques has not been 
evaluated so in a large case series. The primary aim of this study 
was to analyze the feasibility of cap-assisted ERCP in altered 
gastrointestinal anatomy.

MATERIALS AND METHODS

1. Patients 

From March 2006 to March 2011, the results of 81 consecu-
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tive patients with a B-II gastrectomy (n=72), Roux-en-Y total 
gastrectomy (n=4), and hepaticoduodenostomy (n=2) were 
analyzed for their outcome of ERCP. The patients’ demographic 
characteristic and clinical data, including age, sex, indications 
for ERCP, and a history of failed ERCP were reviewed. Patients 
were excluded from the analysis if they had a history of a pre-
vious endoscopic sphincterotomy (EST), endoscopic papillary 
balloon dilatation (EPBD), biliary or pancreatic stent, and when 
there was known gastric or afferent loop obstruction. This retro-
spective study was performed in accordance with the guidelines 
of our Institutional Review Board. All patients gave written in-
formed consent to undergo the procedure. 

2. Endoscopic procedures

Before ERCP, patients who didn’t have an examination of 
esophagogastroduodenoscopy (EGD) within 1 year underwent 
EGD to define the nature of surgically altered gastrointestinal 
anatomy and to locate the papilla of Vater (POV). All ERCP pro-
cedures were carried out with a cap-fitted forward-viewing en-
doscope (Olympus GIF 230 and Q260; Olympus Optical Co., Ltd., 
Tokyo, Japan). A transparent cap (distal attachment; Olympus, 
Tokyo, Japan) was attached to the tip of the endoscope. Patients 
were sedated with midazolam (2.5 to 10 mg) or diazepam (5 to 
10 mg), supplemented with pethidine (12.5 to 25 mg) if neces-
sary. All patients received oxygen administered by nasal prong 
and were monitored by pulse oximetry and electrocardiography. 
Antibiotics were not routinely given as a prophylaxis. Cap-
assisted ERCP using a cap-fitted forward-viewing endoscope 
has already been described.10 Selective biliary cannulation was 
achieved with a straight catheter (PR-10Q; Olympus) through 
the cap. After selective biliary cannulation, therapeutic proce-
dures, such as EST, EPBD, stone extraction, and biliary drainage, 
were performed. EST was performed with a Soehendra Billroth II 
sphincterotome. EPBD was performed in cases with large stones 
and inadequate EST. The papilla was dilated up to 12 to 20 mm.

3. Definitions and complications

The results were evaluated as follows: intubation rate for 
reaching POV, deep biliary cannulation rate, number of bili-
ary cannulation attempts, success rate for therapeutic ERCP, 
intubation time for reaching the papilla, total procedure time at 
the first session, number of sessions, and the procedure-related 
complication rate. The intubation time for reaching the papilla 
was defined as the time (in minutes) from initial intubation into 
the oral cavity until the endoscope reached POV. Number of 
biliary cannulation attempts was defined as the number of at-
tempts for biliary cannulation until optimal visualization of the 
common bile duct (CBD) was achieved. The total procedure time 
was defined as the time, in minutes, from initial intubation into 
the oral cavity to extubation out of the oral cavity. Procedure-
related pancreatitis was defined as abdominal pain, with at least 
a 3-fold elevation of the serum amylase for more than 24 hours 

after the procedure. Post-ERCP bleeding was defined as clinical 
evidence of bleeding, with a decrease in hemoglobin of more 
than 2 g/dL.17 

All statistical analyses were performed using the IBM SPSS 
Statistics software version 19.0 (IBM Corp., Armonk, NY, USA). 
Continuous data were summarized as mean±standard deviation. 
Student t-test and analysis of variance were used to compare 
the mean values of the continuous variables. The chi-square 
test, with or without linear-by-linear association, was used for 
the comparison of categorical variables. Null hypotheses of no 
difference were rejected if p-values were less than 0.05.

RESULTS

1. Intubation rate for reaching POV and deep biliary cannu-
lation rate

Clinical characteristics of the patients were summarized in 
Table 1. Seventy-eight patients underwent a total of 136 ERCP 
procedures with a mean of 1.74 sessions per patient. Among 
136 sessions in patients with anatomical variations, POV was 
successfully reached in 132 sessions (97.1%) with the cap-assist-
ed forwarding endoscope. The successful intubation rates were 
99.2% (125/126) in the B-II gastrectomy, 57.1% (4/7) in Roux-
en-Y gastrectomy, and 100% (3/3) in hepaticoduodenostomy. 
Among the 132 sessions in which access to the papilla was 
achieved, selective biliary cannulation was successful in 130 
sessions (98.5%). The successful biliary cannulation rates were 
100% (125/125) in the B-II gastrectomy, 50% (2/4) in Roux-en-
Y gastrectomy, and 100% (3/3) in hepaticoduodenostomy (Table 
2).

After selective biliary cannulation, therapeutic interventions 

Table 1. Clinical Characteristics of the Patients

Characteristic Value

Age, yr 70.1 (40–90)

Sex, male/female 54/24

Anatomical variation

   Billroth-II gastrectomy 72 (88.9)

   Roux-en-Y total gastrectomy 4 (4.9)

   Hepaticoduodenostomy 2 (2.5)

Indication of ERCP

   CBD stone 55 (70.5)

   CBD stricture 7 (8.9)

   Cholangitis 11 (14.1)

   CBD malignancy 2 (2.6)

   Pancreatic malignancy 1 (1.3)

   Intrahepatic bile duct stone 2 (2.6)

Data are presented as mean (range) or number (%).
ERCP, endoscopic retrograde cholangiopancreatography; CBD, com-
mon bile duct.
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including stone extraction (n=57), sphincterotomy (n=54), stent 
placement (n=37), nasobiliary drainage (n=20), endoscopic pap-
illary balloon dilatation (n=7), and mechanical lithotripsy (n=15) 
were performed successfully.

2. Performance of the ERCP procedures with cap-fitted 
forward-viewing endoscope in B-II patients 

Among 72 B-II patients, 33 patients underwent EGD with 
a forward-viewing endoscope to locate POV before ERCP. We 
failed to find POV in 10 of 33 patients (30.3%) with forward-
viewing endoscope only. After using a cap-fitted forward-view-
ing endoscope, we found POV in all of the 10 patients. In eight 
patients who failed ERCP with a side-viewing endoscope, ERCP 
was successfully performed with a cap-fitted forward-viewing 
endoscope.

The overall mean intubation time±standard deviation for 
reaching POV was 4.1±4.4 minutes in B-II patients. The over-
all mean number of biliary cannulation attempts was 3.8±4.1. 
Number of biliary cannulation attempts significantly decreased 
from 5.0±4.9 for the first half (from 1st to 36th patients) to 
2.4±2.6 for the second half (from 37th to 72nd patients, p<0.01). 

3. Procedure related complications

The procedure related complication rate was 8.8% (12/136). 
Immediate bleeding developed in 5.9% (8/136) of cases during 
the procedure. Bleeding was controlled only by a local injection 
of epinephrine in all cases. Procedure-related pancreatitis de-
veloped in 2.2% (3/136) of cases. One patient had a perforation 
at the EST site. She recovered uneventfully but underwent open 
cholecystectomy for acute calculous cholecystitis. There was no 
procedure-related death (Table 3). 

DISCUSSION

Diagnostic and therapeutic ERCP in patients after gastric 
resection with reconstruction poses a challenge to the biliary 
endoscopists because of the altered anatomy. The present study 
had a high success rate with the cap-assisted ERCP technique 
in patients with altered GI anatomy in a relatively large case 
series. The cap-assisted ERCP technique has certain benefits in 
approaching POV in the patients with the altered GI anatomy. 
First, the cap is useful for overcoming the sharp angulations 

that can be encountered when entering the afferent loop. 
Second, the cap is also useful for traversing the afferent loop 
because it can facilitate reducing the loops created during the 
procedure. The risk of perforation can be reduced by avoiding 
excessive looping and not attempting any blind rotational ma-
neuvers. Also, the boundary of transparent cap can provide a 
careful excision during EST.10

The forward-viewing endoscope is preferred for ERCP in 
patients with a B-II gastrectomy, for easy and safe procedures; 
nevertheless, selective biliary cannulation can be problematic 
in some cases.18 The cap-assisted ERCP can improve the success 
rate of selective biliary cannulation. Successful deep biliary can-
nulation can be facilitated by either push or suction technique 
using a straight catheter (PR-10Q; Olympus) through the trans-
parent cap. Because of the reversed papilla in the patients with 
a B-II and Roux-en-Y gastrectomy, the most important step in 
biliary cannulation is keeping the tip of the straight catheter 
in a position that will allow access to the CBD at the 5 o’clock 
position. The transparent cap can enable to maintain that posi-
tion.10 After proper position of the straight catheter, push of 
the catheter permits the selective biliary cannulation. When 
the push technique failed, the tip of the catheter was passively 
advanced into the CBD while the papilla was being sucked 
through the cap. After deep CBD cannulation and EST, further 
therapeutic procedures, including EPBD, stone removal with 
Dormia baskets, and mechanical lithotripsy, can be performed 
without difficulty. 

In the present study, the success rate for reaching POV and 
selective cannulation of the bile duct in patients with a Roux-
en-Y gastrectomy were relatively low compared to those with a 
B-II gastrectomy. Patients with a Roux-en-Y gastrectomy had 
several obstacles to the success of the ERCP. First, they had lon-
ger afferent loops than patients with B-II reconstruction. Anoth-
er obstacle was the presence of severe postoperative adhesions, 
which restricted manipulation of the endoscope, hindered the 
introduction of the endoscope to POV. Once POV was reached, 
cannulation into the papilla was not substantially different from 
the method used in patients with a B-II gastrectomy. Several 
another recent studies showed that the ERCP with a short dou-
ble-balloon enteroscope or single-balloon enteroscope might be 
promising for diagnostic and therapeutic ERCP in patients with 

Table 2. Success Rates of Intubation and Selective Biliary Cannula-
tion

Intubation Cannulation

Overall 132/136 (97.1) 130/132 (98.5)

   Billroth-II gastrectomy 125/126 (99.2) 125/125 (100.0)

   Roux-en-Y total gastrectomy 4/7 (57.1) 2/4 (50)

   Hepaticoduodenostomy 3/3 (100.0) 3/3 (100.0)

Data are presented as number/total number (%).

Table 3. Endoscopic Retrograde Cholangiopancreatography-Related 
Complications

             Complication Case (%) (n=136)

Overall 12 (8.8)

   Immediate bleeding 8 (5.9)

   Delayed bleeding 0

   Post-ERCP pancreatitis 3 (2.2)

   Perforation 1 (0.7)

ERCP, endoscopic retrograde cholangiopancreatography.
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a Roux-en-Y gastrectomy. 
The present results also showed that the cap-assisted forward-

viewing endoscope was a safe, time-saving, and cost-effective 
modality. First, the overall clinically important procedure-
related complication rate was 8.8% comparable to the previ-
ously reported complication rates of 4% to 11.2% with the 
conventional ERCP.19-21 Second, it as an experience is a time-
saving procedure in the patients with a B-II gastrectomy. The 
mean time required for reaching papilla with this technique was 
only 4.1±4.4 minutes. Deep biliary cannulation could be per-
formed efficiently with a cap-fitted forward-viewing endoscope 
in the patients with a B-II gastrectomy after the experience of 
some cases. Finally, the cap-assisted ERCP technique does not 
require a special endoscope. According to subgroup analysis, 
the cap-assisted ERCP technique was successful to find POV in 
10/33 (30.3%) of B-II patients who were failed to find POV with 
a forward-viewing endoscope only. After reaching POV, all of 
the 10 patients underwent successful therapeutic ERCP with the 
cap-assisted ERCP technique. In addition, ERCP was success-
fully performed with the cap-assisted ERCP technique in eight 
patients who failed ERCP with a side-viewing endoscope. There-
fore, the cap-assisted ERCP technique was a salvage treatment 
in the 18 patients.

In conclusion, ERCP with the cap-fitted forward-viewing 
endoscope was safe and effective in patients with the altered 
GI anatomy. The cap-assisted ERCP method can be considered 
one of the primary approaches in patients with the altered GI 
anatomy. 
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