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Abstract

Background To evaluate the long-term efficacy of single-balloon enteroscopy endoscopic retrograde cholangiography (SBE-
ERC) for the treatment of biliary obstruction and to analyze the factors affecting the recurrence of benign bilioenteric anas-
tomotic stricture after SBE-ERC treatment.

Methods The clinical data of patients with biliary diseases treated with SBE-ERC after choledochojejunostomy in our
hospital from January 2015 to December 2021 were analyzed retrospectively for the success rates of diagnosis and treat-
ment and the incidence of complications. Patients who were diagnosed with benign bilioenteric anastomotic stricture were
followed up. The independent factors affecting recurrence were obtained by univariate and multivariate analyses using the
Kaplan—Meier method and Cox proportional hazard regression model.

Results A total of 289 SBE-ERCs were performed in 165 patients. The overall success rate was 83.0% (240/289). The
incidence of postoperative complications was 5.2% (15/289). The 108 successfully treated patients diagnosed with benign
bilioenteric anastomotic stricture were followed up. Twenty-six percent (29/108) of patients had recurrent stricture after SBE-
ERC. The biliary patency rates at 1 year, 2 years and 5 years after SBE-ERC were 90.1%, 69.3%, and 53.9%, respectively.
Single-factor analysis revealed the absence of intrahepatic biliary gas imaging during endoscopy (y?=5.366, P=0.021), a
diameter of balloon dilatation during the last endoscopic treatment less than 0.8 cm ( y>=4.552, P=0.033), and the presence
of a thread in the anastomosis (y?=8.921, P=0.003) as risk factors for recurrence. A non-indwelling biliary plastic stent
(¥*=14.868, P<0.001) and undergoing only one ERCP treatment ( y?>=13.313, P=0.001) were risk factors for the recur-
rence of benign stricture after SBE-ERC resection. Multivariate analysis revealed that the absence of a stent (HR=0.15,
95% CI10.06-0.40, P=0.001), absence of intrahepatic biliary gas imaging during endoscopy (HR=0.39, 95% CI 0.17-0.91,
P=0.03) and the presence of a thread in the anastomosis (HR =3.69, 95% CI 1.59-8.57, P=0.002) were independent risk
factors for stricture recurrence.

Conclusions Treating biliary disease after choledochojejunostomy with SBE-ERC is safe and effective, with a good immedi-
ate technical success rate and an acceptable incidence of complications. SBE-ERC has long-term efficacy in the treatment of
benign bilioenteric anastomotic stricture. The absence of intrahepatic biliary gas imaging during endoscopy, non-indwelling
biliary stents and the existence of anastomotic threads are independent risk factors for the recurrence of benign bilioenteric
anastomotic stricture.

Keywords Single-balloon enteroscopy - Endoscopic retrograde cholangiography - Choledochojejunostomy - Bilioenteric
anastomotic stricture

Background

Choledochojejunostomy is widely used in digestive tract
reconstruction after bile duct amputation, such as in radical
resection of hepatobiliary and pancreatic malignant tumors,
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injury [1, 2]. While the long-term survival rate of patients
after surgery has improved, the incidence of long-term com-
plications after choledochojejunostomy has also increased.
These biliary complications include bilioenteric stricture,
cholangitis and cholangiolithiasis [3]. The recurrence rate of
hepatolithiasis after choledochojejunostomy is 27.3%, and
the incidence of choledochojejunostomy stricture is 8.2%
[4]. Many patients suffer repeated recurrences and surgi-
cal treatments. How to properly address biliary complica-
tions after choledochojejunostomy is an urgent problem for
surgeons.

In the past, secondary reconstruction via
choledochojejunostomy or percutaneous transhepatic biliary
drainage (PTCD) was often done for choledochojejunostomy
stricture. While the reconstruction of choledojejunal
anastomosis can completely solve the problem of
anastomotic stricture, the abdominal adhesion caused by the
primary operation creates a great challenge for the second
surgeon, and restenosis of the reconstructed choledojejunal
anastomosis is still possible. PTCD is generally used
to relieve biliary obstruction quickly and plays a role in
drainage before surgery. However, for patients whose bile
duct dilatation is not obvious, the difficulty of puncture is
much higher. In addition, bleeding and other complications
are more likely [5]. The surgeon cannot intuitively observe
the stricture of the choledojejunal anastomosis, so it
plays a limited role in making follow-up treatment plans.
For patients with multiple stenoses, the treatment cycle
of PTCD is long, and long-term catheterization is highly
inconvenient [6]. Therefore, there is an urgent need for a
minimally invasive, effective and repeatable operation for
treating choledochojejunostomy stricture.

Endoscopic retrograde cholangiopancreatography
(ERCP), an advanced minimally invasive endoscopic
technique, is an important method for the diagnosis and
treatment of biliary diseases, as it has a better curative
effect and long-term prognosis than PTCD [5]. Thanks
to recent advances in endoscopic technology, many types
of instrument-assisted enteroscopy have been developed.
These include double-balloon enteroscopy (DBE),
single-balloon enteroscopy (SBE) and spiral enteroscopy
(spiral enteroscopy,SE) [7, 8]. Endoscopic retrograde
cholangiography (ERC) is increasingly used to treat such
patients. At present, there are a wide range of studies on
the application of enteroscopy in gastrointestinal Roux-
en-Y anastomosis after gastrointestinal ERC [9]. Because
this technique is difficult and challenging, few centers have
applied it, and there is no consensus on the optimal treatment
technology and strategy. Further, its safety data and long-
term efficacy still need more study. On this background,
we analyzed the cases of SBE-ERC-treated patients after
choledochojejunostomy in our center. To analyze the safety
and efficacy of surgery, the patency rate of patients with
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benign bilioenteric anastomotic stricture was evaluated
over long-term follow-up, and the risk factors for stricture
recurrence were analyzed to determine the appropriate
treatment for such patients.

Methods
Patients

We retrospectively studied patients with biliary tract
diseases after choledochojejunostomy treated with SBE-
ERC from January 2015 to December 2021 at Xinhua
Hospital Affiliated with the Medical School of Shanghai
Jiaotong University. The indications for ERCP were the
following: (1) history of digestive tract reconstruction with
choledochoenterostomy; (2) cholangitis, such as fever,
abdominal pain or jaundice; and (3) preoperative CT or
MRCEP that revealed bile duct stones or obstructions. General
patient information, including sex, age, surgical history,
and laboratory and radiological examination results, was
collected. This study met the relevant ethical standards and
was approved by the Ethics Committee of Xinhua Hospital
Affiliated with the Medical School of Shanghai Jiaotong
University.

Major devices and endoscopic procedures

The enteroscopy and therapeutic equipment included an
Olympus CV-260 central unit, an SIF-260 small-balloon ent-
eroscope (working length 200 cm, outer diameter 9.2 mm,
biopsy channel 2.8 mm) and an ST-SB 1 single-use overtube
(working length 132 cm, outer diameter 13.2 mm, internal
diameter 11 mm). A cotton sphincterotome (COOK, 320 cm
length, United States), Glo-Tip ERCP catheter (COOK,
320 cm, United States), Tracer Metro Direct guidewire
(COOK, 600 cm length, United States), OASIS stent intro-
ducer (COOK, 320 cm length, United States), 5 Fr push-
ing catheter (COOK, 320 length, United States), Quantum
TTC biliary balloon dilator (COOK, 320 cm length, United
States), Tri-EX triple lumen balloon extractor (Cook,
275 cm length, United States), and other conventional ERCP
devices were used. The patient was placed in the horizon-
tal position under general anesthesia via airway intubation.
Endoscopic carbon dioxide (CO,) insufflation was used in
all procedures. The enteroscopy process included repeated
inflation and overtube, deflation and drag movements.
Abdominal compression was applied manually if in-depth
insertion was technically difficult. During the operation, the
X-ray image was frequently monitored to track and guide the
progress of the enteroscopy. After the bilioenteric anastomo-
sis was reached, the endoscopists performed the biliary duct
cannulation, cholangiography, anastomosis dilation, stone
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extraction or biliary stent insertion, and subsequent ERCP
operations (Fig. 1). If the anastomotic stricture was severe,
a needle knife was used to cut the scar tissue (Videol). For
patients with choledocholithiasis, bile duct stones were
removed with a basket after anastomotic dilatation accord-
ing to the size of the stones. If the stones were larger, they
were removed with mechanical lithotripsy or laser litho-
tripsy. For patients with a blocked stent or anastomotic
thread, all foreign bodies were removed (Fig. 2 and Video2).
According to the patients’ condition, if ERC failed, we tried
endoscopic treatment again within 1 week or tried PTCD or
surgical choledocholithotomy plus choledochojejunostomy
reconstruction.

Postoperative observation indicators and treatment

All patients were monitored for vital signs under fasting
conditions and were given IV fluid. Abdominal signs were
closely observed. Routine blood examination, liver function
tests and follow-up examinations were conducted the next
day. According to the results, drugs such as liver protection,
acid inhibition, antiemesis, hemostasis, and antibiotics were

Fig. 1 Intraoperative picture

of a patient with bilienteric
anastomosis stricture undergo-
ing SBE-ERC. A endoscope
through the intestinal anasto-
mosis; B endoscope reaching
the strictured biliary-intestinal
anastomosis; C and D insertion
of a catheter for contrast and
intrahepatic bile duct visualiza-
tion shows anastomosis stricture
and calculus of intrahepatic
duct; E balloon dilation of the
anastomosis, waistline indicates
high stricture recurrence risk; F
appearance of bilioenteric anas-
tomosis after balloon dilation;
G placement of plastic stents;
H status after stents placement
complete; I endoscopic image
of multiple stents through bili-
oenteric anastomosis

given for further treatment. Food intake time was determined
by the general condition of the patients and the laboratory
results. Under normal conditions, patients could drink and
eat 24 h after surgery.

Definitions of outcomes and adverse events

The criteria for successful endoscopy were the single-
balloon enteroscope successfully entering the input loop
and finding the choledojejunal anastomosis.

The standard for successful radiography was that the
guidewire catheter entered the anastomosis, the bile duct
was intubated, and cholangiography was performed after the
injection of contrast agent. The combination of successful
endoscopy and successful radiography was defined as
diagnostic success. The standard of successful treatment was
the completion of corresponding intervention treatments,
such as balloon dilatation, lithotripsy, stone removal, stent
removal, and biliary stent placement. Because all patients
in this group underwent choledochojejunostomy, intubation
and therapeutic procedures were carried out through
choledochojejunostomy, not involving the pancreas, so there
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Fig.2 Endoscopic removal of
anastomotic site residual thread.
A image of anastomotic site
thread and bile mud deposi-
tion on it; B a specially-made
endoscopic scissor was used to
remove the thread; C appear-
ance of anastomosis after thread
removal; D removed unabsorb-
able prolene sutures

was no possibility of PEP. Other definitions of cholangitis,
bleeding, perforation and so on were the same as those used
for conventional ERCP [10].

Follow-up and definition of recurrence
of bilioenteric anastomotic stricture

Patients who were diagnosed with benign bilioenteric
anastomotic stricture who achieved successful treatment
were followed up. Routine blood tests, liver function tests,
abdominal CT and MRCP were done regularly. The presence
of symptoms such as abdominal pain, fever, jaundice and
cholangiectasis on imaging indicated recurrence of the
bilioenteric anastomotic stricture. The patient was admitted
to the hospital for enteroscopy-assisted examination to
confirm the status of the bilioenteric anastomosis.

Statistical analysis
The analyses were performed using SPSS version 23.0. The
results are expressed as median (interquartile range). The

Kaplan—Meier method was used to evaluate cumulative
biliary patency after SBE-ERC treatment, and the
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differences in cumulative biliary patency between groups
were compared using the log-rank test. Variables with
P <0.2 in the Kaplan—Meier analysis were included in the
Cox proportional-hazards regression model for multifactor
analysis, yielding the independent factors affecting the
recurrence of benign bilioenteric anastomotic stricture. A P
value < 0.05 was considered statistically significant.

Results
Patient characteristics

The general information of patients who underwent SBE-
ERC after cholangiojejunostomy was as follows (Table 1).
A total of 165 patients met the inclusion criteria and so were
included in this study. Among them were 82 males (49.7%)
and 83 females (50.3%). The median age was 57 (4-83)
years. The original surgical methods included 90 cases of
choledochojejunostomy Roux-en-Y anastomosis, and other
surgical methods in 3 patients (partial gastrectomy + chole-
dochotomy + bilioenteric anastomosis in 2 patients and
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Table 1 Patient characteristics

Table 2 Treatment details of SBE-ERC

n (%) n (%)
No. of patients 165 ERC operations 289
Gender Success rate
Male 82 (49.7%) Enteroscopy success 252 (87.2%)
Female 83 (50.3%) Diagnostic success 246 (85.1%)
Median age (years) 57 (4-83) Procedural success 240 (83.0%)

Primary disease

Benign disease 111 (67.3%)

Congenital choledochal cyst or biliary atresia 16
Cholangiolithiasis 26
Benign biliary stricture or tumor 9
ITatrogenic bile duct injury 8
Chronic pancreatitis or benign pancreatic mass 31
Malignant disease 54 (32.7%)
Pancreatic or distal bile duct carcinoma 25
Liver, hilar bile duct or gallbladder carcinoma 14
Duodenal carcinoma 11
Retroperitoneal malignant tumor 4
Prior operation history
Pancreaticoduodenectomy 72 (43.6%)
Bilioenteric Roux-en-Y anastomosis 90 (54.5%)
Others 3 (4.6%)

Time since surgery to first SBE-ERC (years) 4.00 (0.17-30)

Whipple + choledochojejunostomy Roux-en-Y anastomosis
in 1 patient).

ERCP treatment details and success rate

A total of 120 of the 165 patients were treated successfully
by SBE-ERC on the first attempt. A total of 289 SBE-ERC
operations were performed. The time since the original
surgery to the first SBE-ERC ranged from 2 months to
30 years, with a median of 4 years. The main symptoms
before ERC included abdominal pain in 130 patients,
fever in 124 patients, and elevated total bilirubin in 83
patients. Among the 289 ERC operations, the success rates
of endoscopy and radiography were 87.2% and 97.6%,
respectively, so the technical success rate of diagnosis
was 85.1% (246/289). Eighteen patients underwent only
diagnostic ERC without therapeutic treatment, and the
success rate of treatment was 97.4% (222/228). The overall
success rate was 83.0% (240/289). As for the diagnoses
made from SBE-ERC, 173 (74.6%) were bile duct stones,
171 (70.1%) were anastomotic stenosis, 8 (3.0%) were
intrahepatic bile duct stenosis, 35 (8.0%) were anastomotic
foreign bodies, and 6 (2.1%) were tumor recurrence. The
median hospital stay after ERCP was 3 (1-180) days. The
treatment details of the 289 operations are shown in Table 2.

SBE-ERC diagnosis

Calculus of bile duct 173 (59.9%)

Single calculi 39

Multiple calculus 118
Silt-like calculus 16

Benign stricture of bilienteric anastomotic 171 (59.2%)
Benign stricture of intrahepatic bile duct 8 (3%)
Foreign body at the anastomotic site 35 (8%)
Malignant biliary obstruction 6 (2.1%)

Intervention

Dilation of anastomotic site 161 (55.7%)

Pre-cutting of anastomotic site 8 (2.8%)

Stone Extraction 173 (59.9%)

Foreign body removal 23 (8.0%)

Anastomotic site biopsy 6 (2.1%)

Biliary plastic stent implantation (ERBD) 82 (28.4%)

1 stent 38

2 stents 34

>3 stents 10

Stent removal 28 (9.7%)

Endoscopic nasobiliary drainage (ENBD) 53 (18.3%)
Complications after SBE-ERC 15 (5.2%)

Cholangitis 12

Gastrointestinal perforation 2

Anesthesia related cardiac arrest

Causes of surgical failure and subsequent treatment

The failure rates of endoscopy and cholangiography were
12.8% (37/289) and 2.4% (6/252), respectively. Therefore,
the overall diagnosis and treatment failure rates were 14.9%
(43/289) and 2.6% (6/228), respectively. The most common
reason for failed endoscopy was too large an angle of the
input loop for Roux-en-Y anastomosis (13 cases) and an
excessively twisted bowel lumen (22 cases). There were
four cases of failed anastomosis identification. Of the six
cholangiography failures, five were caused by needle-like
stenosis of the anastomosis leading to unsuccessful bile
duct insertion, and one case was caused by erosion of the
anastomosis. Among the cases of treatment failure, one
was because the stones filled the bile duct and could not be
removed, three were due to anastomotic stenosis through
which the incision knife or basket could not pass. In another
case, we failed to remove the stone because the ductuli
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hepaticus communis above the anastomosis was extremely
twisted. The last case was because the intrahepatic bile duct
stone was located too high and could not be reached. Among
the 45 patients who failed the first ERC treatment, 28
(62.2%) patients underwent conservative medical treatment
and were discharged, 7 (15.6%) patients were successfully
treated with another SBE-ERC attempt after conservative
treatment, 8 (17.8%) patients were successfully treated
with PTCD, and 2 patients (4.4%) underwent surgery to
reconstruct the choledojejunal anastomosis.

Complications and management

As shown in Table 2, the incidence of postoperative
complications was 5.2% (15/289). There were 12 cases of
postoperative cholangitis, with an incidence of 4.2%. The
patient had fever, chills and increased white blood cells
after operation, which improved after the use of antibiotics
and hepatic protective drugs. Gastrointestinal perforation
occurred in 2 patients, for an incidence of 0.7%. One
patient had a small intestinal perforation due to a twisted
input loop near the transverse colonic mesenteric poke and
was converted to laparotomy. In one patient, the endoscope
failed to enter due to severe adhesion of the small intestine
at the input loop, and the patient experienced aggravated
abdominal pain after the operation. Exploratory laparotomy
was performed 3 days after SBE-ERC. The small intestine
laceration of the input loop was found and sutured. Another
patient had sudden anesthesia-related cardiac and respiratory
arrest during the operation, which was successfully rescued
by CPR and ICU support treatment.

Long-term efficacy of SBE-ERCP treatment
for benign bilioenteric anastomotic stricture

A total of 108 patients with benign choledojejunal anas-
tomotic stricture successfully diagnosed and treated by
SBE-ERC were followed up. The median follow-up time
was 38.6 (1.6-73.5) months, and 29 patients (26.9.0%)
developed stricture recurrence at a median of 16.2 (1-56.3)
months after SBE-ERC treatment. Among them, 16 patients
were treated with SBE-ERC again, 10 patients were treated
conservatively, 2 patients underwent laparotomy to remove
stones, and 1 patient underwent PTCD at another hospital.
Among the 16 patients who underwent repeat SBE-ERC, 7
had a secondary recurrence at a median time of 13.7 months,
4 of whom were treated with SBE-ERC a third time, one
who was treated with PTCD, one who underwent surgery,
and one who experienced imaging recurrence but no obvious
symptoms and who received no further treatment (Fig. 3).
The biliary patency rates of 108 patients at 1 year, 2 years
and 5 years after SBE-ERC treatment were 90.1% (95% CI
83.8-96.4), 69.3% (95% CI 58.7-79.9), and 53.9% (95% CI
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37.8-70.0), respectively. The curve of the cumulative biliary
patency rate after SBE-ERC treatment was drawn by the
Kaplan—Meier method (Fig. 4).

Risk factors for bilioenteric anastomotic stricture
recurrence in patients treated with SBE-ERC

The Kaplan—Meier method was used to analyze risk fac-
tors for bilioenteric anastomotic stricture recurrence. The
absence of intrahepatic biliary gas imaging during endos-
copy (Fig. 5) (y?>=5.366, P=0.021), a diameter of balloon
dilatation during the last endoscopic treatment less than
0.8 cm (y?=4.552, P=0.033),the presence of a thread in
the anastomosis ( ;(2= 8.921, P=0.003), without biliary stent
placement (y>=14.868, P<0.001) and receiving only one
ERCP treatment (y2>=13.313, P=0.001) were risk fac-
tors for the recurrence of benign stricture after SBE-ERC
(Table 3). Factors with P < 0.2 were input into the Cox pro-
portional-hazards regression model for multivariate analysis,
and the results showed that without biliary stent placement
(HR=0.15, 95% CI10.06-0.40, P=0.001), absence of intra-
hepatic biliary gas imaging (HR =0.39, 95% CI 0.17-0.91,
P =0.03) and the presence of threads in the anastomosis
(HR=3.69,95% CI 1.59-8.57, P=0.002) were independent
risk factors for stricture recurrence.

Discussion

With the development of endoscopic technology, balloon-
assisted enteroscopic ERCP has become a first-line
intervention for the treatment of bile duct diseases after
choledochojejunostomy, and its advantages of minimally
invasiveness and repeatability make it far superior to
traditional surgery. Due to the changes in the anatomical
structure of the digestive tract and biliary system, there are
some difficulties and challenges in endoscopy, cannulation
and treatment, which require the operator to have extensive
experience and great skill. The overall success rate of
treatment in this study was 83.0%, which was slightly
higher than that in other reports [11-13]. The difficulty of
enteroscopy lies in how to pass through the growing and
distorted intestines. For such patients, our center often
treats them in a cooperative way involving general surgeons
and endoscopic physicians. Surgeons have a deeper
understanding of digestive tract structure and can guide
the enteroscopy path. Endoscopic physicians have better
endoscopic skills, and the combination of both can improve
the success rate of endoscopy to a certain extent. When
reaching the bilioenteric anastomosis, identifying the input
loop is most important. The opening of the input loop can be
judged by observing changes in the intestinal mucosa, which
is referred to as the folding break sign. During intestinal
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Fig.3 Flow chart for follow-up
data of patients with benign
bilioenteric anastomotic stric-
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anastomosis, the input loop is not the same as that of the
intestine passed by the previous endoscope, so the mucosal
texture is interrupted at the input loop and extends to the
output loop [14]. The opening can also be judged by filling
the intestinal cavity with carbon dioxide gas or contrast
agent, which has a higher success rate than relying solely
on endoscopic imaging (69.2% vs. 92.3%, P=0.02) [15].
In this study, by observing the changes in the endoscopic
mucosa, the diameter of the intestinal cavity and the angle
between the input loop and the previously passed intestinal
canal, we determined the correct path more accurately. The
interrupted mucosa, the smaller diameter of the intestine
and the steep entry angle are often suggested to open the
input loop [16]. How to insert the endoscope to pass through
the twisted intestinal loop is also a major difficulty. After
reconstruction, some intestines are in a relatively fixed
position, and the large angle of the intestinal loop can
cause continuous bending of the enteroscope and failure

to advance further. Under these circumstances, patient and
meticulous manipulation is essential. Surgical techniques
such as "push-pull-hook-spin" have been used in endoscopic
insertion, which improved the success rate of treatment [16,
17].

In this study, the incidence of complications was 5.2%,
which was comparable to that in other reports [11-13].
The most common complication was cholangitis. Poor
bile duct drainage, including bile duct stone residue and
unsolved bilioenteric anastomotic stricture, is considered
the main risk factor [18, 19]. For patients with complete
obstruction and suspected poor drainage, the use of
prophylactic antibiotics before and after operation is the
prevention method recommended by the current guidelines
[18, 20]. For patients with severe stricture and stone
obstruction, the choice between an indwelling biliary stent
and nasobiliary drainage tube can reduce the occurrence of
postoperative cholangitis. In this group, there were 2 cases
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Fig.4 Cumulative biliary patency rates of bilioenteric anastomotic stricture patients after SBE-ERC treatment

of gastrointestinal perforation, both of which occurred in the
input loop during endoscopy. The main reason was the small
intestinal adhesion and stenosis of the input loop. Both cases
were repaired successfully by surgery. If it is impossible to
judge the route of the endoscope when the intestinal cavity
is narrow and distorted, the contrast agent should be injected
to adjust the direction under the guidance of X-ray, and the
action should be slow and gentle to avoid putting the lens
in blindly.

In this study period, our center first tried to remove stones
and foreign bodies that caused obstructions and then treated
patients with balloon dilatation alone or combined with
plastic stent implantation according to the degree of stenosis
of the anastomosis. At present, there is no consensus on the
standard scheme for the treatment of benign obstructions
after choledochojejunostomy. In patients with benign
stricture of the choledojejunal anastomosis, the recurrence
rate of biliary obstruction after ERCP has been higher than
that after simple choledocholithiasis, which often requires
multiple endoscopic treatments. The long-term effect of
endoscopic treatment needs to be further studied. Here,
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during the median follow-up of 38.6 (1.6—-73.5) months in
108 patients with benign bilioenteric anastomotic stricture,
29 (26.9%) patients experienced stricture recurrence. The
biliary patency rates after SBE-ERC treatment at 1 year,
2 years and 5 years after treatment were 90.1%, 69.3%
and 53.9%, respectively. Mizukawa et al. [21] reported
that the cumulative anastomotic patency rates at 1, 2 and
3 years after endoscopic balloon dilatation in the treatment
of stricture after choledochoenterostomy were 73%, 55%
and 49%, respectively. Cantwell et al. [22] reported that
the 5 years patency rate after treatment with a 10-12-mm
balloon and a 10-12-Fr stent was 53% [23]. Our study
showed that SBE-ERC is a good long-term treatment for
benign biliary obstruction after choledochojejunostomy.
Balloon dilatation is most commonly used to treat
bilioenteric anastomotic stricture. The short-term remission
rate of patients with stricture is 74%. During long-term
follow-up, the recurrence rate of stricture is 50-71% [21,
24]. This may be because the cause of anastomotic stenosis
is local ischemia and fibrous scar tissue hyperplasia, and
only intermittent balloon dilation cannot achieve the purpose
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Fig.5 Intrahepatic biliary gas
imaging exist (left) and absent
(right) cases during endoscopy
and their corresponding bilioen-
teric anastomosis appearance

of continuously expanding the anastomosis. In this study,
our balloon diameter standard was to make the waistline
of the anastomosis disappear and avoid rip the mucosa
around it. When the dilation diameter of the last treatment
was less than 0.8 cm, the probability of stricture recurrence
increased, which may indicate thicker scar tissue around
the anastomosis. Another important finding of this study is
that intrahepatic biliary gas imaging during endoscopy is an
independent protective factor against stricture recurrence.
In the process of reaching the anastomosis, if gas flows into
the bile duct, it often indicates that the biliary anastomosis is
not incompletely closed or needle-like strictured, and there
is still some elasticity in the tissue around the anastomosis.
This and the final balloon dilatation diameter can also
reflect the degree of anastomotic obstruction and tissue
characteristics, thus indirectly predicting the probability of
recurrence of the anastomotic stricture after treatment.

In this study, indwelling biliary stent during treatment
was a protective factor against the recurrence of anastomotic
stricture. The selection of stents to achieve long-term stable
dilatation has more advantages in improving the long-term
biliary patency rate. Tomoda et al. [25] reported that the
1-and 3-year biliary patency rates of the balloon dilatation
combined with plastic stent group and simple balloon

dilatation group were 62.5% vs. 89.4% and 46.6% vs. 84.7%,
respectively (P=0.015), and simple balloon dilatation was
identified as an independent risk factor for the recurrence
of choledojejunal anastomosis stenosis. In addition to
plastic stents, fully coated metal stents are effective in the
treatment of bilioenteric anastomotic stricture, with stenosis
resolution rates of 85% and 100%, respectively, but the
probability of stent displacement within 3 months is as high
as 10% [25]. The higher cost of metal stents also limits their
preferability to a certain extent [26]. Patients with indwelling
biliary stents are likely to undergo multiple endoscopic
treatments; therefore, in this study, patients who underwent
only one SBE-ERC treatment had a higher probability of
postoperative stenosis recurrence. On the other hand, it
confirm the effectiveness of plastic stents in reducing the
recurrence rate of stenosis.

In a study of patients with a previous history of surgery,
Song et al. [27] reported that residual threading leads to
the deposition of bile mud on the wall of the bile duct,
leading to the formation of stones. Another study reported
[28] that the removal of the thread head can significantly
reduce the recurrence rate of stones. Our study further con-
firmed that the existence of an anastomotic site thread was
an independent risk factor for the recurrence of bilioenteric
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Table 3 Single- and multiple-factor analysis of bilioenteric anastomotic stricture recurrence

Factors Category Recurrence Nonrecurrence y° P HR (95% CI) P
Sex Male 10 41 2.859 0.091
Female 19 38
Age (years) <55 11 41 1.472 0.225
>55 18 38
Prior operation history Pancreaticoduodenectomy 15 27 0.536 0.765
Bilioenteric Roux-en-Y 14 43
anastomosis
Others 0 9
Postoperative biliary fistula Yes 11 27 0.841 0.359
No 18 52
Time from surgery to biliary <4.4 years 13 42 1.319 0.251
obstruction >4.4 years 16 37
Diameter of anastomotic site <0.5 mm 10 46 1.938 0.164
>0.5 mm 19 30
Length of stensis <3 mm 22 51 0.465 0.495
>3 mm 7 28
Anastomosis Yes 10 12 8.921 0.003 3.69(1.59-8.57) 0.002
No 19 67
Bile dust stone Yes 18 56 0.297 0.586
No 11 23
Stone size <0.8 mm 12 49 0.291 0.59
>0.8 mm 17 30
Intrahepatic biliary gas imaging Yes 20 63 5.366 0.021 0.39(0.17-0.91) 0.03
during endoscopy No 9 16
Intrahepatic bile duct dilation Yes 17 44 0.003 0.959
No 12 35
Length of remaining ductuli 0cm 5 14 2.229 0.526
hepaticus communis 0-1.5 cm 25
1.5-3 cm 11 30
>3 cm 6 10
Diameter of balloon dilatation <8 mm 17 28 4.552 0.033
>8 mm 12 51
ENBD Yes 5 51 14.868 0.001 0.15(0.06-0.40) 0.001
No 24 28
ENBD Yes 10 27 2.168 0.141
No 19 52
Time of SBE-ERC treatments Once 20 10 13.313 0.001
2-3 times 8 53
4 times and more 6

anastomotic stricture after SBE-ERC treatment. We believe
that in addition to the deposition of bile mud, the existence
of a thread head leads to anastomotic blockage and changes
in biliary fluid dynamics, resulting in cholestasis and then
stone recurrence, but its specific mechanism remains to be
determined. Either way, this finding suggests that in clini-
cal practice, removing the thread thoroughly is helpful for
preventing the recurrence of stones and stenosis. The absorb-
able sutures used in biliary surgery, such as PDS sutures,

@ Springer

are also recommended to reduce the residual sutures at the
anastomotic site and prevent long-term complications.
This study has some limitations. First, this was a
retrospective study, which inevitably had a certain degree
of bias in the process of data collection. Second, this was a
single-center study, and the overall number of patients after
choledochojejunostomy was small. We did not compare
uncontrolled variables between patients receiving different
treatment methods. Larger, multicenter, prospective studies
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are needed to analyze the efficacy of SBE-assisted balloon
dilation or stent placement. In summary, SBE-ERC is a
safe and effective treatment for patients with biliary tract
diseases after cholangioenterostomy, with a good immediate
technical success rate and a lower incidence of adverse
events. For patients with risk factors for stricture recurrence,
more attention should be paid to thorough dilatation of the
anastomosis and removal of the thread and stones. Bile
stents should also be placed to enhance the long-term effect
of endoscopic therapy and reduce the recurrence rate.
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