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Abstract

Introduction
: Endoscopic retrograde cholangiopancreatography (ERCP) is considered to be a challenge in patients with surgically altered
anatomy. We aimed to identify the risk factors of ERCP-related adverse events in patients with surgically altered anatomy in our
center.

Methods
We included patients with surgically altered anatomy who underwent ERCP between April 2017 and December 2020 at our center.
Clinical characteristics and outcomes were analyzed in univariate and multivariate methods to identify the risk factors for adverse
events.

Results
A total of 121 ERCP procedures were performed in 93 patients. The papilla or surgical anastomosis was successfully reached in 113
cases (93.4%). Diagnostic success was achieved in 106 cases (93.8%) and subsequent therapeutic success was achieved in 102
cases (96.2%). ERCP-related adverse events occurred in 31 cases (25.6%). In univariate analysis, not �rst time ERCP attempt, a CBD
stone diameter ≥ 15 mm, multiple cannulation attempts, endoscopic papillary balloon dilation, endoscopic papillary large balloon
dilation, endoscopic retrograde biliary drainage, biopsy in the bile duct or papilla, mechanical lithotripsy use, and stone retrieval
basket were associated with ERCP-related adverse events. In multivariate analysis, multiple cannulation attempts (OR 5.283; 95% CI,
1.088–25.659; p = 0.039), endoscopic papillary balloon dilation (OR 4.381; 95% CI, 1.191–16.114; p = 0.026), and biopsy in the bile
duct or papilla (OR 35.432; 95% CI, 2.693-466.104; p = 0.007) were independently associated with ERCP-related adverse events.

Conclusions
ERCP in patients with surgically altered anatomy was feasible and safe. Interventions including multiple cannulation attempts,
endoscopic papillary balloon dilation, and biopsy in the bile duct or papilla were independent risk factors for ERCP-related adverse
events.

1. Introduction
Since its �rst description in 1968, endoscopic retrograde cholangiopancreatography (ERCP) has been universally applied in the
diagnosis and treatment of pancreaticobiliary diseases [1–3]. The success rate of ERCP in patients with normal anatomy was
estimated to be 95%, conducted by experienced endoscopists [4]. However, it is considered a challenge to complete ERCP
successfully in patients with surgically altered anatomy. This may due to an increase in the intestine length and sharp angulation of
the afferent limb [5–6]. Alternative methods such as percutaneous or surgical interventions will be selected for rescue therapy, which
brings about more invasiveness and complications [7].

Reconstruction methods of surgically altered anatomy include Billroth-I and Billroth-II gastrectomy, gastrectomy and
hepaticojejunostomy with Roux-en-Y, and pancreaticoduodenectomy. The three major challenges during the ERCP procedure are
reaching the native papilla or biliopancreatoenteric anastomosis, cannulating the bile or pancreatic duct, and performing relevant
interventions [8–9]. It is incredibly important to thoroughly understand a patient’s anatomy, which helps to guide the endoscopic
access and therapy [10]. Considering the complexity of surgically altered anatomy, extensive experience is required. Many studies
have focused on different reconstruction methods [11–13], yet only a single method was discussed in most of them.

Several types of enteroscopes have been used clinically, including forward-viewing endoscopes and side-viewing endoscopes.
Device-assisted enteroscopes (DAEs) were recently introduced to increase the success rate of ERCP in patients with surgically altered
anatomy, such as double-balloon enteroscopes, single-balloon enteroscopes and spiral enteroscopes. The success rate was reported
to be close to 75% with DAEs, while at most 51% with conventional equipment [14]. However, success rates varied in existing studies
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[15–20], and new complications occurred subsequently due to the availability of new approaches [21]. No standardized strategy has
been established to choose the most effective and safe approach.

To accurately evaluate the clinical appropriateness of ERCP, it is essential to understand potential adverse events of the procedure.
ERCP in patients with surgically altered anatomy is considered more challenging and leads to a higher risk of adverse events.
Speci�c attention has been paid to perforations owing to the complexity of anatomy [22]. Risk factors of ERCP-related complications
for normal anatomy have been reported before [23–26], but few focused on surgically altered anatomy.

Patients with surgically altered anatomy are more susceptible to biliopancreatic complications, necessitating further ERCP
interventions [27–28]. In this study, we aimed to identify the risk factors of ERCP-related adverse events in patients with surgically
altered anatomy in our center.

2. Methods

2.1. Patients
Patients with altered upper gastrointestinal anatomy who underwent ERCP between April 2017 and December 2020 at our center
were identi�ed from our hospital’s medical records and endoscopic database. The reconstruction method included Billroth-I
gastrectomy, Billroth-II gastrectomy, Roux-en-Y gastrectomy, Hepaticojejunostomy with Roux-en-Y, and Pancreaticoduodenectomy.

The following patients’ information was recorded: age, gender, reconstruction method and its occasion, reasons for ERCP, and type of
intervention. The diameter and number of the common bile duct (CBD) were assessed. Furthermore, the type of endoscope used
during the procedure was recorded for detailed analysis. This study was approved by the institutional review board of our hospital.

2.2. ERCP procedure
ERCP was performed under conscious sedation using intravenous butorphanol and diazepam. The prone position or the left lateral
position was chosen at the beginning. The procedure was performed by 2 experienced endoscopists (HW and QZ) who had
completed endoscopy training and performed more than 500 ERCPs every year. Written informed consent for ERCP had been
achieved from all patients. A gastroscope (GIF HQ290, Olympus, Tokyo, Japan), duodenoscope (JF 260V, Olympus), standard
colonoscope (CF HQ290L/I, Olympus), long colonoscope (CF HQ290L/I, Olympus), or short-type single-balloon enteroscope (SIF
Q260, Olympus) was used. A transparent hood (D-201, Olympus) was attached to the tip of the endoscope to improve the
visualization.

When reaching the native papilla or the surgical anastomosis, selective biliary cannulation was performed. Papilla pre-cut was
performed in cases of di�cult cannulation. Endoscopic papillary balloon dilation (EPBD) was performed using a balloon dilator. For
large common bile duct stones, mechanical lithotripsy was operated. Stone removal was performed via balloon catheter or retrieval
basket. Biopsy was performed in cases of bile duct cancer. Concerning malignant biliary obstruction, a metal stent was inserted with
a 7F delivery system. If it failed to reach the native papilla or the surgical anastomosis, another ERCP would be attempted after
several days.

2.3. De�nitions
Technical success was de�ned as reaching the papilla or surgical anastomosis successfully. Diagnostic success was de�ned as
success in selective cannulation and cholangiography. Therapeutic success was de�ned as the achievement of the expected
therapeutic goal (e.g., endobiliary biopsy, stone removal and stent placement).

ERCP-related adverse events included pancreatitis, hyperamylasemia, perforation, bleeding, cholangitis and mucosal laceration [29].
Post-ERCP pancreatitis was de�ned as typical abdominal pain accompanied by serum pancreatic enzyme (amylase or lipase) levels
elevated by three times the upper limit of normal for more than 24 hours after the procedure. Hyperamylasemia was de�ned as an
elevation of serum pancreatic enzyme levels without typical abdominal pain. Perforation was de�ned as air or luminal contents
outside the gastrointestinal tract. Bleeding was de�ned as hematemesis and/or melena or a decrease in hemoglobin of more than
2g/dL. Cholangitis was de�ned as a fever of more than 38℃ sustaining at least 24 hours with cholestasis. Mucosal laceration was
de�ned as destruction of completeness of the mucosal during the ERCP procedure.
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2.4. Statistical analysis
Categorical variables were compared with chi-square or Fisher exact test, while continuous variables were analyzed with Student t-
test. To identify potential risk factors for ERCP-related adverse events, univariate logistic regression analysis with a backward
likelihood ratio was performed. For variables with a P value less than 0.2 in the univariate analysis, a forward stepwise multivariate
logistic regression analysis was carried out to �nd the independent risk factors. A P value of less than 0.05 was considered
statistically signi�cant. Odds ratios (ORs) with 95% con�dence intervals (CIs) were calculated. All the statistical analyses were
performed with IBM SPSS Statistics software, version 26.0 (IBM Corp., Armonk, NY).

3. Results

3.1. Patient characteristics
A total of 121 ERCP procedures were performed in 93 patients with surgically altered anatomy between April 2017 and December
2020 in our center. The mean age of the 93 patients was 66.3 ± 12.0 years, among them 68 patients (73.1%) were male. 27 patients
(29.0%) had a history of prior cholecystectomy. Reconstruction methods and indications for ERCP were also provided in Table 1.
Billroth-II gastrectomy (71.0%) was superior in numbers. The main indication for ERCP was choledocholithiasis (61.2%), followed by
malignant biliary obstruction (19.0%). 78 patients (83.9%) had a native papilla and 14 patients (15.1%) had a diverticulum.

Table 1
Baseline characteristics

Patients, n 93

Age, mean (SD), years 66.3 (± 12.0)

Sex (male/female), n 68/25

Prior cholecystectomy, n (%) 27 (29.0)

Reconstruction method, n (%)  

Billroth-I gastrectomy 8 (8.6)

Billroth-II gastrectomy 66 (71.0)

Roux-en-Y gastrectomy 3 (3.2)

Hepaticojejunostomy with Roux-en-Y 3 (3.2)

Pancreaticoduodenectomy 13 (14.0)

Indications for ERCP, n (%)  

Choledocholithiasis 74 (61.2)

Hepatolithiasis 10 (8.3)

Pancreatolithiasis 4 (3.3)

Benign biliary obstruction 5 (4.1)

Malignant biliary obstruction 23(19.0)

Anastomotic stenosis 5 (4.1)

Presence of diverticulum, n (%) 14 (15.1)

Presence of native papilla, n (%) 78 (83.9)

With a transparent hood, n (%) 78 (64.5)

ERCP: endoscopic retrograde cholangiopancreatography

3.2. Clinical outcomes
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ERCP was performed with a gastroscope, duodenoscope, standard colonoscope, long colonoscope or short-type single-balloon
enteroscope (SBE). Gastroscope (47.1%) was the most common choice, followed by duodenoscope (25.6%). Types of endoscopes
used in our study were listed in Table 2.

Table 2
Type of endoscope, n (%)

  Gastroscope Duodenoscope Standard
colonoscope

Long
colonoscope

Short-type single-
balloon enteroscope

Total

Billroth-I gastrectomy 0 8 (100) 0 0 0 8

Billroth-II gastrectomy 52 (62.7) 23 (27.8) 6 (7.2) 1 (1.2) 1 (1.2) 83

Roux-en-Y gastrectomy 0 0 2 (50) 0 2 (50) 4

Hepaticojejunostomy with
Roux-en-Y

2 (28.6) 0 0 0 5 (71.4) 7

Pancreaticoduodenectomy 3 (15.8) 0 4 (21.1) 7 (36.8) 5 (26.3) 19

Total 57 (47.1) 31 (25.6) 12 (9.9) 8 (6.6) 13 (10.7) 121

Technical success ranged from 75–97.6%, with a total of 93.4%. Diagnostic success ranged from 87.5–100%, with a total of 93.8%.
Subsequent therapeutic success ranged from 85.7–100%, with a total of 96.2%. The overall success rate of the procedure was 84.3%.
ERCP failure occurred in 19 patients, including failure to reach the target site in 8 patients (42.1%), failure of selective bile duct
cannulation in 7 patients (36.8%), failure of stone removal in 1 patient (5.3%), and failure of stent insertion in 3 patients (15.8%).
Details about the clinical outcomes were shown in Table 3.

Table 3
Summary of clinical outcomes

  Reaching the papilla or surgical
anastomoses, %(n/N)

Diagnostic
success, %(n/N)

Therapeutic
success, %(n/N)

Overall
success, %
(n/N)

Billroth-I gastrectomy 87.5 (7/8) 100 (7/7) 85.7 (6/7) 75 (6/8)

Billroth-II gastrectomy 97.6 (81/83) 93.8 (76/81) 97.4 (74/76) 89.2 (74/83)

Roux-en-Y gastrectomy 75 (3/4) 100 (3/3) 100 (3/3) 75 (3/4)

Hepaticojejunostomy with
Roux-en-Y

85.7 (6/7) 100 (6/6) 100 (6/6) 85.7 (6/7)

Pancreaticoduodenectomy 84.2 (16/19) 87.5 (14/16) 92.9 (13/14) 68.4 (13/19)

Total 93.4 (113/121) 93.8 (106/113) 96.2 (102/106) 84.3 (102/121)
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Table 4
Outcomes of ERCP-related adverse events

  Pancreatitis Hyperamylasemia Mucosal
laceration

Cholangitis Bleeding Perforation Total,
n/N
(%)

Total, n (%) 11 (9.1) 14 (11.6) 2 (1.7) 0 3 (2.5) 1 (0.8) 31/121
(25.6)

Billroth-I gastrectomy 1 1 0 0 0 0 2/8
(25.0)

Billroth-II gastrectomy 9 11 0 0 3 0 23/83
(27.7)

Roux-en-Y gastrectomy 0 1 0 0 0 0 1/4
(25.0)

Hepaticojejunostomy with
Roux-en-Y

1 0 1 0 0 0 2/7
(28.6)

Pancreaticoduodenectomy 0 1 1 0 0 1 3/19
(15.8)
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Table 5
Factors of adverse events: univariate analysis

Variable Adverse event
(+)

(n = 31), n (%)

Adverse event
(-)

(n = 90), n (%)

OR (95% CI) P
value

Age - - 0.996 (0.964,
1.028)

0.790

Male gender 25 64 1.693 (0.622,
4.605)

0.303

Prior cholecystectomy 11 29 1.157 (0.490,
2.729)

0.739

Roux-en-Y reconstruction 3 8 1.098 (0.272,
4.429)

0.895

Malignant biliary obstruction 7 16 1.349 (0.496,
3.668)

0.558

Without CBD stones 12 35 0.992 (0.429,
2.294)

0.986

Not �rst time ERCP attempt 6 31 0.457 (0.169,
1.231)

0.121

CBD stone diameter ≥ 15 mm 4 5 2.519 (0.631,
10.053)

0.191

Cannulation with di�culty or failure 6 12 1.560 (0.531,
4.587)

0.419

Multiple cannulation attempts 5 5 3.269 (0.878,
12.178)

0.077

Pancreatic deep wire pass 4 9 1.333 (0.380,
4.681)

0.653

Endoscopic sphincterotomy 2 7 0.818 (0.161,
4.163)

0.809

Needle-knife precut 2 6 0.966 (0.184,
5.053)

0.967

Endoscopic papillary balloon dilation 22 44 2.556 (1.061,
6.154)

0.036

Endoscopic papillary large balloon dilation (diameter
10mm)

13 26 1.778 (0.762,
4.145)

0.183

Endoscopic nasobiliary drainage 18 46 1.324 (0.581,
3.021)

0.504

Endoscopic retrograde biliary drainage 6 8 2.460 (0.779,
7.764)

0.125

Endoscopic retrograde pancreatic drainage 1 6 0.467 (0.054,
4.037)

0.489

Endoscopic metal biliary endoprosthesis 5 12 1.250 (0.402,
3.884)

0.700

Biopsy in the bile duct or papilla 3 1 9.536 (0.953,
95.366)

0.055

Mechanical lithotripsy use 4 2 6.519 (1.131,
37.560)

0.036

OR: Odds ratio; CI: Con�dence interval;
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Variable Adverse event
(+)

(n = 31), n (%)

Adverse event
(-)

(n = 90), n (%)

OR (95% CI) P
value

Stone balloon catheter 17 39 1.588 (0.699,
3.609)

0.270

Stone retrieval basket 19 42 1.810 (0.787,
4.162)

0.163

Intraductal-ultra sonography 2 3 2.000 (0.318,
12.567)

0.460

Presence of diverticulum 5 14 1.044 (0.343,
3.180)

0.940

Presence of a native papilla 26 71 1.392 (0.471,
4.109)

0.550

With a transparent hood 22 56 1.484 (0.613,
3.596)

0.382

OR: Odds ratio; CI: Con�dence interval;

Table 6
Factors of procedural failure: multivariate analysis

Variable OR (95% CI) P value

Multiple cannulation attempts 5.283 (1.088, 25.659) 0.039

Endoscopic papillary balloon dilation 4.381 (1.191, 16.114) 0.026

Biopsy in the bile duct or papilla 35.432 (2.693, 466.104) 0.007

OR: Odds ratio; CI: Con�dence interval;

3.3. ERCP-related adverse events
In general, ERCP-related adverse events occurred in 31 cases, accounting for 25.6% (31/121) of all the cases. Hyperamylasemia
occurred in 14 cases (11.6%), and pancreatitis occurred in 11 cases (9.1%). Bleeding, mucosal laceration and perforation respectively
occurred in 3 cases (2.5%), 2 cases (1.7%) and 1 case (0.8%). Of the 3 bleeding cases, 2 patients were dealt with hemostatic clips at
once, and 1 patient with delayed bleeding underwent emergency endoscopic hemostasis using balloon compression and hemostatic
clips. Of the 2 mucosal laceration cases, titanium clips were used to clamp the mucosal injury. The only perforation occurred in the
acute angulation of the afferent loop. It was treated with purse string suture endoscopically. Hyperamylasemia and pancreatitis
cases were treated conservatively. All the patients received complete recovery ultimately without surgical intervention.

3.4. Risk factors for ERCP-related adverse events
In univariate analysis, not �rst time ERCP attempt (p = 0.121), a CBD stone diameter ≥ 15 mm (p = 0.191), multiple cannulation
attempts (p = 0.077), endoscopic papillary balloon dilation (p = 0.036), endoscopic papillary large balloon dilation (p = 0.183),
endoscopic retrograde biliary drainage (p = 0.125), biopsy in the bile duct or papilla (p = 0.055), mechanical lithotripsy use (p = 0.036),
and stone retrieval basket (p = 0.163) were associated with ERCP-related adverse events. In multivariate analysis, multiple
cannulation attempts (OR 5.283; 95% CI, 1.088–25.659; p = 0.039), endoscopic papillary balloon dilation (OR 4.381; 95% CI, 1.191–
16.114; p = 0.026), and biopsy in the bile duct or papilla (OR 35.432; 95% CI, 2.693-466.104; p = 0.007) were independently associated
with ERCP-related adverse events.

4. Discussion
With the development of endoscopic ultrasound (EUS) examination and magnetic resonance cholangiopancreatography (MRCP),
ERCP has evolved into a therapeutic tool gradually. However, ERCP is challenging in patients with surgically altered anatomy. No
standardized guidelines have been provided to choose the safest and most effective approach. Therefore, we retrospectively
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analyzed the outcomes, adverse events and related risk factors of 121 cases in 93 patients with surgically altered anatomy in our
center.

ERCP procedure faces 3 challenges for these patients: reaching the target site, selective biliary cannulation, and performing
diagnostic or therapeutic interventions [8]. The success rate of ERCP in patients with a reconstructive gastrointestinal tract has been
reported to be 63–95% [30]. In our study, success rate of reaching the papilla or surgical anastomosis was 93.4%. Successful
selective cannulation and cholangiography were achieved in 93.8% of them, which is similar to the rate of the same procedure using
double-balloon enteroscopes (94%) [5]. In general, success rate of ERCP procedure in patients with surgically altered anatomy in our
center was superior.

Success rates have increased with the introduction of device-assisted enteroscopes (DAEs), such as double-balloon enteroscopes,
single-balloon enteroscopes and spiral enteroscopes. A previous review has reported an overall 74% ERCP success using DAEs [14]. A
retrospective study by Shah et al. has shown a 63% ERCP success with DAEs [12]. Inamdar et al. reported a pooled technical,
diagnostic, and procedural success rates of 80.9%, 69.4%, and 61.7% respectively with single-balloon enteroscopes [31].
Corresponding success rates were reported to be 86%, 100%, and 86% by Ali et al. with spiral enteroscopes in Roux-en-Y anatomy
[20]. Newly designed features in DAEs, such as high force transmission and passive bending, made it possible to increase the
success rates of ERCP procedures in these patients further [32–33]. However, DAEs are not designed for this purpose and have not
been widely available because of the need for specialized equipment and expertise. In our study, standard enteroscopes were proved
effective and safe to perform in patients with surgically altered anatomy, which brought better applicability.

Despite emerging enteroscopes applied in patients with surgically altered anatomy, ERCP-related success rates are still less
satisfactory than in patients with normal gastrointestinal anatomy. The procedure is considered challenging for several reasons.
First, an increase of the intestine length, and sharp angulation of the bowel make it di�cult to identify the afferent loop and reach the
target site [10]. Existing enteroscopes tend to be too short to approach the papilla or anastomosis. Second, selective cannulation is
di�cult due to the unfavorable orientation of the papilla, along with limited availability of accessories, and lack of an elevator [34].
Third, adhesions and strictures left by reconstruction also impede the process. Techniques such as manual compression method,
positional change, and use of a transparent cap have been proposed to increase the success rates [35].

Since no standardized procedure has been applied in these patients, a thorough understanding of postoperative anatomy and
multiple training seem extremely important. Relative knowledge of the reconstruction method, biliary anastomosis, the lengths of the
limbs, and the presence of adhesions and strictures is indispensable. In addition, proper selection of endoscopes is likely to
determine the outcome of the ERCP procedure. Selection of endoscopes was mainly depended on patients’ anatomy of the
gastrointestinal tract, such as lengths of afferent and efferent loops, degrees of angulations, and endoscopists’ operating experience.
In our study, technical success was highest in patients with Billroth-II gastrectomy, while lowest in patients with Roux-en-Y
gastrectomy. However, ERCP in patients with Roux-en-Y reconstruction had perfect diagnostic success and therapeutic success.
Longer afferent limbs, more severe adhesion in Roux-en-Y reconstruction make it particularly di�cult to reach the blind end.
Therefore, important drawbacks appeared when using a conventional side-view duodenoscope in these patients. A short-type single-
balloon enteroscope may be useful to address this issue. With a passive bending part, it contributed to the advancement of the
scope. The balloon also helps to hold and �x the intestine, making it possible to insert deeply. Considering an increase of Roux-en-Y
reconstruction due to the growing need for laparoscopic surgeries [36], special attention is required to this group. Conventional
duodenoscopes and gastroscopes are recommended to patients with Billroth-I or Billroth-II gastrectomy, owing to the relatively short
afferent limbs. As for Billroth-II reconstruction, it is under debate whether to choose a forward-view or a side-view enteroscope [11]. In
our study, several patients with Billroth-II reconstruction changed the enteroscope midway, from a gastroscope to a duodenoscope. A
forward-view gastroscope can provide better visualization, making it safer to reach the papilla. Then with a side-view duodenoscope,
cannulation becomes easier due to the appropriate view to the papilla. Similar results have been raised by Park et al. The forward-
view endoscope was associated with a higher afferent loop intubation rate, while the side-view endoscope with a higher selective
cannulation rate [37]. Enteroscope exchange strategy is expected to be more effective for these patients.

In our present study, ERCP-related adverse events occurred in 25.6% of patients. Previous studies reported the complication rate from
3.5–12.4% [9, 11–12, 16, 18, 38–40]. However, hyperamylasemia was not included in most of these studies. A comparable 23.0%
ERCP-related complication rate was reported combined with hyperamylasemia [35]. Post-ERCP pancreatitis (PEP) is recognized as
the most common procedure-related adverse event in conventional ERCP, while perforation in balloon-assisted ERCP [7]. A systematic
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review based on randomized controlled trials reported an overall 9.7% rate of PEP [41]. Other complications include bleeding,
cholangitis, mucosal laceration and cardiopulmonary related diseases. Recently, the advent of DAEs has allowed lower rates of
ERCP-related adverse events. It was reported in patients with Roux-en-Y reconstruction using DAEs with complication risks ranging
from 0–19.5% [42]. A meta-analysis concluded an overall 6.5% complication rate in 461 patients using single-balloon enteroscopes
[31]. Anvari et al. reported a 4% complication rate in 1523 patients with double-balloon enteroscopes [5]. However, DAEs are more
technically demanded and bring a higher risk of complications. Conventional ERCP allows more practical use. In our center, no lethal
complication occurred, with most adverse events treated conservatively. Conventional enteroscopes were equally effective and safe.

Our study showed that multiple cannulation attempts, endoscopic papillary balloon dilation, and biopsy in the bile duct or papilla
were independent risk factors of ERCP-related adverse events. Multiple cannulation attempts mean prolonged procedure time and
usually follow a pre-cut sphincterotomy, which increases the risk of PEP and bleeding. An increased rate of PEP has been seen with
additional cannulation attempts in a prospective study [43]. In our study, higher rates of PEP and hyperamylasemia were likely to be
associated with EPBD, which concurred with the study reported by Park et al [35]. Previous studies have reported that compared with
endoscopic sphincterotomy (EST) or endoscopic sphincterotomy with balloon dilatation (ESBD), EPBD presented higher rates of
pancreatitis, while bleeding was more common in the former factors [44–45]. The reason may due to mucosal edema of the papillary
caused by procedures, leading to pancreatic out�ow obstruction. In addition, biopsy in the bile duct or papilla can also increase the
complication rate.

To our knowledge, few studies have been conducted to identify the risk factors of ERCP-related adverse events including multiple
types of reconstruction methods and endoscopes. Compared with previous studies, our present study had a relatively larger number
of patients, a more comprehensive analysis of all the reconstruction methods and endoscopes, making it more practical and
applicable. However, several limitations did exist, including its retrospective design based on a single-center experience, lack of
follow-up data and a control group. In the future, multi-center prospective studies are needed to validate present �ndings.
Establishment of standardized practical guidelines and training programs are indispensable to guide ERCP procedures in patients
with surgically altered anatomy.

In conclusion, ERCP procedure was feasible and safe in patients with surgically altered anatomy. For early identi�cation of the
occurrence of ERCP-related adverse events, close vigil should be kept on patients who have undergone multiple cannulation attempts,
endoscopic papillary balloon dilation, and biopsy in the bile duct or papilla.
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ESBD:endoscopic sphincterotomy with balloon dilatation.

Declarations
Ethics approval and consent to participate: Our study was approved by the ethics committee of Zhongnan Hospital of Wuhan
University (approval number 2021-016). The study was conducted in accordance with the approved protocol and the Declaration of
Helsinki. 

Consent for publication: Written informed consent for publication of their clinical details and clinical images was obtained from the
patient. 

Availability of data and materials: The datasets supporting the conclusions of this article are included within the
article. Correspondence to Qiu Zhao if necessary. 

Competing interests: The authors declare that they have no competing interests. 

Funding: The Program of Excellent Doctoral (Postdoctoral) of Zhongnan Hospital of Wuhan University (grant no. ZNYB2019003). 



Page 11/14

Authors' contributions: XC, FW, JL conceived and designed the study. XC, FW, ZZ, TC acquired data. XC, FW, JL, ZZ, TC analyzed data
and interpreted results. XC, FW, JL wrote the paper. QZ, JF reviewed and edited the manuscript. All authors read and approved the
�nal manuscript.

Acknowledgments: The authors thank the staff of the Department of Gastroenterology, Zhongnan Hospital of Wuhan University, for
their guidance and support. 

References
1. Huang RJ, Thosani NC, Barakat MT, Choudhary A, Mithal A, et al. Evolution in the utilization of biliary interventions in the United

States: results of a nationwide longitudinal study from 1998 to 2013. Gastrointest Endosc. 2017; 86(2): 319–26.

2. McCune WS, Shorb PE, Moscovitz H. Endoscopic cannulation of the ampulla of vater: a preliminary report. Ann Surg. 1968;
167(5): 752–56.

3. Mine T, Morizane T, Kawaguchi Y, Akashi R, Hanada K, et al. Clinical practice guideline for post-ERCP pancreatitis. J
Gastroenterol. 2017; 52(9): 1013–22.

4. Freeman ML, Guda NM. ERCP cannulation: a review of reported techniques. Gastrointest Endosc. 2005; 61(1): 112–25.

5. Anvari S, Lee Y, Patro N, Soon MS, Doumouras AG, et al. Double-balloon enteroscopy for diagnostic and therapeutic ERCP in
patients with surgically altered gastrointestinal anatomy: a systematic review and meta-analysis. Surg Endosc. 2021; 35(1): 18–
36.

�. Shimatani M, Takaoka M, Matsushita M, Okazaki K. Endoscopic approaches for pancreatobiliary diseases in patients with
altered gastrointestinal anatomy. Digest Endosc. 2014; 26: 70–78.

7. Shimatani M, Mitsuyama T, Tokuhara M, Masuda M, Miyamoto S, et al. Recent advances of endoscopic retrograde
cholangiopancreatography using balloon assisted endoscopy for pancreaticobiliary diseases in patients with surgically altered
anatomy: Therapeutic strategy and management of di�cult cases. Digest Endosc. 2020.

�. Krutsri C, Kida M, Yamauchi H, Iwai T, Imaizumi H, et al. Current status of endoscopic retrograde cholangiopancreatography in
patients with surgically altered anatomy. World J Gastroenterol. 2019; 25(26): 3313–33.

9. Wang F, Xu B, Li Q, Zhang X, Jiang G, et al. Endoscopic retrograde cholangiopancreatography in patients with surgically altered
anatomy. Medicine (Baltimore). 2016; 95(52): e5743.

10. Amer S, Horsley-Silva JL, Menias CO, Pannala R. Endoscopic retrograde cholangiopancreatography in patients with surgically
altered gastrointestinal anatomy. Abdom Imaging. 2015; 40(8): 2921–31.

11. Bove V, Tringali A, Familiari P, Gigante G, Boškoski I, et al. ERCP in patients with prior Billroth II gastrectomy: report of 30 years'
experience. Endoscopy. 2015; 47(7): 611.

12. Shah RJ, Smolkin M, Yen R, Ross A, Kozarek RA, et al. A multicenter, U.S. experience of single-balloon, double-balloon, and
rotational overtube-assisted enteroscopy ERCP in patients with surgically altered pancreaticobiliary anatomy (with video).
Gastrointest Endosc. 2013; 77(4): 593–600.

13. Wu W, Gu J, Zhang W, Zhao M, Zhuang M, et al. ERCP for patients who have undergone Billroth II gastroenterostomy and Braun
anastomosis. World J Gastroenterol. 2014; 20(2): 607.

14. Skinner M, Popa D, Neumann H, Wilcox CM, Mönkemüller K. ERCP with the overtube-assisted enteroscopy technique: a
systematic review. Endoscopy. 2014; 46(7): 560.

15. Abu Dayyeh B. Single-balloon enteroscopy-assisted ERCP in patients with surgically altered GI anatomy: getting there.
Gastrointest Endosc. 2015; 82(1): 20–23.

1�. Cheng C, Liu N, Tang J, Yu M, Tsui Y, et al. Double-balloon enteroscopy for ERCP in patients with Billroth II anatomy: results of a
large series of papillary large-balloon dilation for biliary stone removal. Endosc Int Open. 2015; 3(3): E216-22.

17. Katanuma A, Isayama H. Current status of endoscopic retrograde cholangiopancreatography in patients with surgically altered
anatomy in Japan: Questionnaire survey and important discussion points at Endoscopic Forum Japan 2013. Digest Endosc.
2014; 26: 109–15.

1�. Lennon AM, Kapoor S, Khashab M, Corless E, Amateau S, et al. Spiral Assisted ERCP Is Equivalent to Single Balloon Assisted
ERCP in Patients with Roux-en-Y Anatomy. Dig Dis Sci. 2012; 57(5): 1391–98.



Page 12/14

19. Siddiqui AA, Chaaya A, Shelton C, Marmion J, Kowalski TE, et al. Utility of the Short Double-Balloon Enteroscope to Perform
Pancreaticobiliary Interventions in Patients with Surgically Altered Anatomy in a US Multicenter Study. Dig Dis Sci. 2013; 58(3):
858–64.

20. Ali MF, Modayil R, Gurram KC, Brathwaite C, Friedel D, et al. Spiral enteroscopy-assisted ERCP in bariatric-length Roux-en-Y
anatomy: a large single-center series and review of the literature (with video). Gastrointest Endosc. 2018; 87(5): 1241–47.

21. Moreels TG. Endoscopic retrograde cholangiopancreatography in patients with altered anatomy: How to deal with the
challenges? World J Gastrointest Endosc. 2014; 6(8): 345.

22. Lee A, Shah JN. Endoscopic Approach to the Bile Duct in the Patient with Surgically Altered Anatomy. Gastrointest Endosc Clin N
Am. 2013; 23(2): 483–504.

23. Cheng C, Sherman S, Watkins JL, Barnett J, Freeman M, et al. Risk Factors for Post-ERCP Pancreatitis: A Prospective Multicenter
Study. Am J Gastroenterol. 2006; 101(1): 139–47.

24. Freeman ML, DiSario JA, Nelson DB, Fennerty MB, Lee JG, et al. Risk factors for post-ERCP pancreatitis: A prospective,
multicenter study. Gastrointest Endosc. 2001; 54(4): 425–34.

25. Katsinelos P, Lazaraki G, Chatzimavroudis G, Gkagkalis S, Vasiliadis I, et al. Risk factors for therapeutic ERCP-related
complications: an analysis of 2,715 cases performed by a single endoscopist. Ann Gastroenterol. 2014; 27(1): 65–72.

2�. Vezakis A, Fragulidis G, Polydorou A. Endoscopic retrograde cholangiopancreatography-related perforations: Diagnosis and
management. World J Gastrointest Endosc. 2015; 7(14): 1135.

27. Gómez V, Petersen BT. Endoscopic Retrograde Cholangiopancreatography in Surgically Altered Anatomy. Gastrointest Endosc
Clin N Am. 2015; 25(4): 631–56.

2�. Moreels TG. Techniques for endoscopic retrograde cholangiopancreatography in altered gastrointestinal anatomy. Curr Opin
Gastroenterol. 2017; 33(5): 339–45.

29. Cotton PB, Eisen GM, Aabakken L, Baron TH, Hutter MM, et al. A lexicon for endoscopic adverse events: report of an ASGE
workshop. Gastrointest Endosc. 2010; 71(3): 446–54.

30. Izawa N, Tsuchida K, Tominaga K, Fukushi K, Sakuma F, et al. Factors Affecting Technical Di�culty in Balloon Enteroscopy-
Assisted Endoscopic Retrograde Cholangiopancreatography in Patients with Surgically Altered Anatomy. J Clin Med. 2021;
10(5): 1100.

31. Inamdar S, Slattery E, Sejpal DV, Miller LS, Pleskow DK, et al. Systematic review and meta-analysis of single-balloon
enteroscopy–assisted ERCP in patients with surgically altered GI anatomy. Gastrointest Endosc. 2015; 82(1): 9–19.

32. Tanisaka Y, Ryozawa S, Mizuide M, Kobayashi M, Fujita A, et al. Usefulness of the "newly designed" short-type single-balloon
enteroscope for ERCP in patients with Roux-en-Y gastrectomy: a pilot study. Endosc Int Open. 2018; 6(12): E1417-22.

33. Yamauchi H, Kida M, Okuwaki K, Miyazawa S, Iwai T, et al. Passive-bending, short-type single-balloon enteroscope for
endoscopic retrograde cholangiopancreatography in Roux-en-Y anastomosis patients. World J Gastroenterol. 2015; 21(5): 1546.

34. Ishii KM, Itoi TMF, Tonozuka RM, Itokawa FM, Sofuni AM, et al.Balloon enteroscopy–assisted ERCP in patients with Roux-en-Y
gastrectomy and intact papillae (with videos). Gastrointest Endosc. 2016; 83(2): 377–86.

35. Park TY, Kang JS, Song TJ, Lee SS, Lee H, et al. Outcomes of ERCP in Billroth II gastrectomy patients. Gastrointest Endosc. 2015.

3�. Shimatani M, Takaoka M, Tokuhara M, Miyoshi H, Ikeura T, et al. Review of diagnostic and therapeutic endoscopic retrograde
cholangiopancreatography using several endoscopic methods in patients with surgically altered gastrointestinal anatomy. World
J Gastrointest Endosc. 2015; 7(6): 617–27.

37. Park TY, Bang CS, Choi SH, Yang YJ, Shin SP, et al. Forward-viewing endoscope for ERCP in patients with Billroth II gastrectomy:
a systematic review and meta-analysis. Surgical Endoscopy. 2018; 32(11): 4598–613.

3�. Tokuhara M, Shimatani M, Mitsuyama T, Masuda M, Ito T, et al. Evaluation of complications after endoscopic retrograde
cholangiopancreatography using a short type double balloon endoscope in patients with altered gastrointestinal anatomy: a
single-center retrospective study of 1,576 procedures. J Gastroenterol Hepatol. 2020; 35(8): 1387–96.

39. Uchida D, Tsutsumi K, Kato H, Matsumi A, Saragai Y, et al. Potential Factors Affecting Results of Short-Type Double-Balloon
Endoscope-Assisted Endoscopic Retrograde Cholangiopancreatography. Dig Dis Sci. 2020; 65(5): 1460–70.

40. Park TY, Song TJ. Recent advances in endoscopic retrograde cholangiopancreatography in Billroth II gastrectomy patients: A
systematic review. World J Gastroenterol. 2019; 25(24): 3091–107.



Page 13/14

41. Kochar B, Akshintala VS, Afghani E, Elmunzer BJ, Kim KJ, et al. Incidence, severity, and mortality of post-ERCP pancreatitis: a
systematic review by using randomized, controlled trials. Gastrointest Endosc. 2015; 81(1): 143–49.

42. Moreels TG. Altered anatomy: Enteroscopy and ERCP procedure. Best Pract Res Clin Gastroenterol. 2012; 26(3): 347–57.

43. Halttunen J, Meisner S, Aabakken L, Arnelo U, Grönroos J, et al. Di�cult cannulation as de�ned by a prospective study of the
Scandinavian Association for Digestive Endoscopy (SADE) in 907 ERCPs. Scand J Gastroentero. 2014; 49(6): 752–58.

44. Park CH, Jung JH, Nam E, Kim EH, Kim MG, et al. Comparative e�cacy of various endoscopic techniques for the treatment of
common bile duct stones: A network meta-analysis. Gastrointest Endosc. 2018; 87(1): 43–57.

45. Krishnamoorthi R, Ross A. Endoscopic Management of Biliary Disorders: Diagnosis and Therapy. Surg Clin North Am. 2019;
99(2): 369–86.

Figures

Figure 1

ERCP procedure. A. A surgical anastomosis was reached in a patient who had underwent pancreaticoduodenectomy. B. Common bile
duct stones were detected. C. Biopsy was performed in a case of bile duct cancer. D. A perforation occurred in the acute angulation of
the afferent loop. E. The perforation was treated with purse string suture endoscopically. F. A case of delayed bleeding occurred. G.
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The delayed bleeding was treated with emergency endoscopic hemostasis using balloon compression and hemostatic clips. H. A
short-type single-balloon enteroscope was used. I. A duodenoscope was used. J. A standard colonoscope was used.


