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Abstract
Background  Endoscopic management of hepaticojejunostomy anastomotic strictures is technically demanding due to surgi-
cally altered anatomy. The promise of double-balloon endoscope-assisted endoscopic retrograde cholangiopancreatography 
(DB-ERCP) has been reported in this setting. No large study has examined long-term outcomes of this new treatment modality 
and predictive factors for the stricture resolution.
Methods  We included 102 patients who received DB-ERCP for a hepaticojejunostomy anastomotic stricture between 2008 
and 2018. Balloon dilation was performed as a first-line treatment, and plastic stent(s) were placed for refractory cases. 
Potential predictive factors for the stricture resolution were examined using multivariable logistic regression analyses.
Results  DB-ERCP was technically successful in 91 patients (89.2%). Overall, stricture resolution was achieved in 70 patients 
(76.9%) with a median follow-up period of 30.9 months (range 1–118.5 months). Among 64 patients (71.9%) who underwent 
successful re-canalization via balloon dilation, anastomotic stricture recurred in 22 patients (34.4%). In cases with refractory 
or recurrent stricture after balloon dilation, 20 patients (52.6%) underwent stricture resolution via plastic stent placement, 
and the recurrence was observed in two patients (10%). Post-operative time to DB-ERCP of > 12 months and the scar-like 
appearance around the anastomosis were associated with a higher rate of stricture resolution (odds ratios, 5.59 [95% CI 
1.69–18.5] and 5.22 [95% CI 1.29–21.1], respectively).
Conclusions  Treatment of hepaticojejunostomy anastomotic strictures via DB-ERCP was technically feasible, providing a 
reasonably high rate of stricture resolution. Alternative treatment should be explored for refractory cases.
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Hepaticojejunostomy is conducted as a means of bilioenteric 
anastomosis for patients who receive surgical procedures 
involving the extrahepatic bile duct (e.g., pancreaticoduo-
denectomy, extended hepatectomy). An anastomotic stric-
ture has been a clinically relevant adverse event of hepati-
cojejunostomy, which has been reported to occur in 3–13% 
of patients and associated with significant morbidities and a 
high mortality rate [1–5]. Surgically altered anatomy (e.g., 
Roux-en-Y and Billroth-II reconstructions) associated with 
hepaticojejunostomy has compromised endoscopic approach 
to the biliary system [6]. Therefore, hepaticojejunostomy 
anastomotic strictures were conventionally managed via per-
cutaneous transhepatic biliary drainage (PTBD) or surgical 
re-anastomosis [7–13].
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The double-balloon endoscope (DBE) was initially devel-
oped for investigations of the small intestine [14], and a 
short-type DBE has opened new opportunities to perform 
non-surgical pancreatobiliary interventions with a high 
technical success rate [15–17]. In the setting of hepatico-
jejunostomy anastomotic strictures, several clinical studies 
suggested the feasibility of balloon dilation and placement of 
multiple plastic stents via DBE-assisted ERCP (DB-ERCP) 
and a high rate of the short-time stricture resolution ranging 
70–100% [18–20]; however, there is the paucity of large 
cohort studies on the topic. In addition, few studies have 
reported long-term outcomes of DB-ERCP for hepaticoje-
junostomy anastomotic strictures, and predictive factors for 
successful endoscopic management remain unclear.

In this retrospective study at a high-volume center, we 
aimed to evaluate clinical outcomes of DB-ERCP for hepati-
cojejunostomy anastomotic strictures and identify predictive 
factors for long-term treatment success.

Materials and methods

Study design

We conducted a single-center retrospective observational 
study to examine long-term treatment outcomes of DB-
ERCP for a hepaticojejunostomy anastomotic stricture 
and predictive factors for stricture resolution. We included 
patients who were diagnosed with a hepaticojejunostomy 
anastomotic stricture and received DB-ERCP between May 
2008 and February 2018. As endoscopic treatment proce-
dures, we evaluated balloon dilation and plastic stent place-
ment. The primary study outcome was the resolution of the 
anastomotic stricture. Technical success, recurrence of an 
anastomotic stricture, adverse events, and predictive factors 
for the resolution of the stricture were examined as second-
ary outcomes.

Written informed consent was obtained from each patient 
before the procedure. The study was conducted in accord-
ance with the Declaration of Helsinki and was approved by 
the ethics committee at the hospital.

Endoscopic procedures and patient follow‑up

DB-ERCP procedures were carried, as previously described 
[15–17]. A short DBE (EC-450BI5/EI-530B with a 2.8-mm-
wide working channel; or EI-580BT, developed recently 
with a 3.2-mm-wide working channel; Fujifilm, Tokyo, 
Japan) was inserted. Biliary cannulation through the stricture 
was attempted via a contrast-assisted or wire-guided method 
using a straight cannula and a 0.035- or 0.025-inch hydro-
philic guidewire. In cases with severe stricture, a tapered-
metal-tip cannula (PR-132Q; Olympus, Tokyo, Japan) and 

a 0.018-inch hydrophilic guidewire were used. When biliary 
cannulation was achieved, the guidewire was replaced with 
a 0.025-inch stiff guidewire. The stricture was dilated using 
a balloon catheter (Hurricane RX, Boston Scientific Japan, 
Tokyo, Japan; REN, Kaneka Medix Corp., Osaka, Japan; 
or ZARA, Century Medical, Tokyo, Japan) at 6–8 atmos-
pheres for 1 min (Fig. 1). In cases where the stricture was 
not resolved, 5-F or 7-F plastic stent(s) were deployed across 
the stricture (Fig. 2). Biliary stones, if present, were removed 
using a basket or balloon catheter.

Patients visited our outpatient clinic every month, and 
underwent a physical examination and a blood test including 
hepatobiliary enzymes. If there were signs suggesting chol-
angitis or cholestasis, abdominal ultrasonography and com-
puted tomography were performed along with/without mag-
netic resonance cholangiopancreatography (MRCP). Plastic 
stents were exchanged endoscopically every 3–4 months. In 
each DB-ERCP procedure, the anastomotic stricture was 
evaluated on endoscopic and fluoroscopic views, and stent 
placement was not performed when the stricture was con-
sidered resolved.

Definitions of outcome variables

Resolution of an anastomotic stricture was defined when 
(1) the anastomosis was considered sufficiently dilated on 
endoscopic and fluoroscopic views, (2) an inflated extraction 
balloon catheter passed the anastomosis smoothly without 
resistance, (3) contrast in the bile duct readily flowed into 
the jejunum, and (4) no additional intervention was required 
during the index hospitalization. Recurrence of the anas-
tomotic stricture was defined as elevated liver enzymes or 
cholangitis with images showing the bile duct dilatation 
which required an endoscopic, percutaneous, or surgical 
re-intervention. Technical success was defined as achieve-
ment of balloon dilation or plastic stent placement across 
the stricture via DB-ERCP. Small opening of the hepatico-
jejunostomy anastomosis was defined when a 1.6-mm-wide 
ERCP cannula could not pass the stricture. The length of 
the anastomotic stricture was measured from the distal end 
of the bile duct delineated fluoroscopically to the jejunum. 
The scar-like appearance was defined when an endoscopic 
view showed whitish cicatricial mucosal change around the 
anastomosis (Fig. 3). Adverse events were diagnosed accord-
ing to the lexicon [21].

Statistical analysis

The Fisher’s exact test and Student’s t test or Wilcoxon 
rank-sum test were used to compare categorical and con-
tinuous variables between the groups, respectively. Logistic 
regression analyses were performed to compute odds ratios 
(ORs) for the resolution of the anastomotic stricture and 
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corresponding 95% confidence intervals (CIs). We entered 
potential predictive factors for the anastomotic stricture reso-
lution with a P value of < 0.15 in a univariable analysis into 
a multivariable model. Time to biliary stricture recurrence 
was estimated by the Kaplan–Meier product-limit method. 
In Kaplan–Meier analyses, patients who lost to follow-up 
were dealt as censored cases.

All P values were two-sided, and P values of < 0.05 were 
considered statistically significant. All statistical analyses 
were performed using the EZR software (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan), which is 
a graphical user interface for the R software (The R Foun-
dation for Statistical Computing, Vienna, Austria, version 
3.2.2) [22].

Results

We included 102 patients who underwent DB-ERCP as 
treatment of a hepaticojejunostomy anastomotic stricture 
during 9.8-year study period (Fig. 4 and Supplementary 
Fig. 1). Table 1 and Supplementary Table 1 summarize 
clinical characteristics of the study population, overall and 

by the presence of biliary stricture resolution, respectively. 
The median time between hepaticojejunostomy and DB-
ERCP was 2.2 years (range 0.2–46.4 years; interquartile 
range 0.6–7.7 years). The procedures of DB-ERCP for the 
hepaticojejunostomy anastomotic stricture are summarized 
in Table 2.

The treatment via DB-ERCP was technically success-
ful in 91 patients (technical success rate, 89.2%). For two 
patients, the endoscopic ultrasound-guided or percutane-
ous transhepatic rendezvous technique was utilized for bil-
iary access. Overall, the resolution of an anastomotic stric-
ture was achieved in 70 patients (76.9%) with the median 
follow-up period of 2.7  years (range 0.1–9.7  years). 
Among 89 patients treated by balloon dilation, the anas-
tomotic stricture was successfully resolved in 64 patients 
(71.9%). Plastic stent(s) were placed for a total of 38 
patients including 27 patients who received plastic stent 
placement at the initial session and 11 patients who under-
went stricture recurrence after successful balloon dilation. 
The numbers of plastic stents placed were 1, 2, and 3 in 5 
(13.2%), 32 (84.2%), and 1 (2.6%) patients, respectively. 
The resolution of a hepaticojejunostomy anastomotic 
stricture via plastic stent placement was achieved in 18 

Fig. 1   Balloon dilation of a hepaticojejunostomy anastomotic stric-
ture using a double-balloon endoscope. A Cholangiogram delineating 
a hepaticojejunostomy anastomotic stricture and intrahepatic stones 
in the left hepatic duct. B Balloon dilation of the hepaticojejunostomy 
anastomotic stricture. C Balloon-occluded cholangiogram suggesting 

resolution of the anastomotic stricture. D Endoscopic image of the 
hepaticojejunostomy anastomotic stricture with scar-like appearance 
around the anastomosis site. E Endoscopic image after balloon dila-
tion showing fully dilated hepaticojejunostomy anastomosis. F Endo-
scopic image of extraction of intrahepatic stones by a basket catheter
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(47.4%) patients with the median duration of stent place-
ment of 5.6 months (range 1–29.6 months) and the median 
number of DB-ERCP sessions of 2 (range 1–10). After 
failed re-canalization via plastic stent placement, PTBD 
and surgical re-anastomosis were performed to manage 
cholangitis in four and one patients, respectively. Proce-
dure-related adverse events were observed in 18 patients 
(17.6%): cholangitis in 10 patients (9.8%), intra-abdominal 
and/or retroperitoneal air in 6 (5.9%), bile leakage in 1 
(1%), and bleeding in 1 (1%). No severe adverse events 

were observed. All cases with adverse events were man-
aged conservatively.

Figure 5 illustrates the cumulative recurrence rate of the 
hepaticojejunostomy anastomotic stricture after successful 
balloon dilation. Among 53 patients who underwent initial 
successful balloon dilation and were followed up for more 
than 12 months, a stricture recurrence was observed in 22 
patients (41.5%) with the median time to recurrence of 
3.4 months (range 1–36.2 months). The cumulative recur-
rence rate at 12 months was 35.8%. The recurrent stricture 

Fig. 2   Plastic stent placement for a hepaticojejunostomy anastomotic 
stricture using a double-balloon endoscope. A Cholangiogram delin-
eating a hepaticojejunostomy anastomotic stricture. B Two plastic 
stents placed across the anastomotic stricture after balloon dilation. 
C Endoscopic image showing the hepaticojejunostomy anastomotic 

stricture with biliary sludge. D Endoscopic image of two plastic 
stents placed across the hepaticojejunostomy anastomosis. E Endo-
scopic image showing fully dilated hepaticojejunostomy anastomosis 
after plastic stent placement for 3 months

Fig. 3   Scar-like appearance of a 
hepaticojejunostomy anasto-
motic stricture. A A patient with 
the scar-like appearance of a 
hepaticojejunostomy anasto-
motic stricture (surrounded by 
arrows). B A patient without the 
scar-like appearance of a hepa-
ticojejunostomy anastomotic 
stricture
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was noted within 1 year of balloon dilation in a vast majority 
of the cases. Among patients treated with plastic stent place-
ment, two patients (10%) experienced a stricture recurrence 
at 8.0 and 12.3 months of stent removal.

When we focused on 80 patients with Roux-en-Y recon-
struction (Supplementary Tables 2 and 3), the procedure 

time was significantly longer in patients with Roux-en-Y 
reconstruction than in those with Billroth-II reconstruction 
(median 72 min [range 15–240 min] vs. 52 min [range 
19–90 min], respectively; P = 0.001). In 28 patients with 
Roux-en-Y reconstruction and available data on previous 

Fig. 4   Flowchart of selection 
of patients who received DB-
ERCP for a hepaticojejunos-
tomy anastomotic stricture. BD, 
balloon dilation; DB-ERCP, 
double-balloon endoscope-
assisted endoscopic retrograde 
cholangiopancreatography; PS, 
plastic stent

Table 1   Characteristics of patients who underwent DB-ERCP for a 
hepaticojejunostomy anastomotic stricture

DB-ERCP double-balloon endoscope-assisted endoscopic retrograde 
cholangiopancreatography, GI gastrointestinal
† Data are expressed as number (%) or median (range)

Characteristic† Patients (N = 102)

Male 58 (56.9%)
Age, years 69 (22–84)
Indication for hepaticojejunostomy
 Benign disease 50 (49.0%)
 Malignant disease 52 (51.0%)

Type of surgery
 Pancreaticoduodenectomy 53 (52.0%)
 Resection of the extrahepatic bile duct 32 (31.4%)
 Hepatectomy with hepaticojejunostomy 8 (7.8%)
 Liver transplantation 9 (8.8%)

GI reconstruction
 Roux-en-Y 80 (78.4%)
 Billroth-II 22 (21.6%)
 Time from surgery to DB-ERCP, years 2.2 (0.2–46.4)

Table 2   Outcomes of DB-ERCP for a hepaticojejunostomy anasto-
motic stricture

DB-ERCP double-balloon endoscope-assisted endoscopic retrograde 
cholangiopancreatography, ERCP endoscopic retrograde cholangio-
pancreatography, EUS-HGS endoscopic ultrasound-guided hepati-
cogastrostomy, PTBD percutaneous transhepatic biliary drainage
† Data are expressed as number (%) or median (range)

Outcome† Patients (N = 102)

Technical success 91 (89.2%)
Procedure time
 Scope insertion, minutes 22 (2–150)
 Total procedure, minutes 70 (15–240)

Procedure-related adverse event 18 (17.6%)
 Cholangitis 10 (9.8%)
 Intra-abdominal/retroperitoneal air 6 (5.9%)
 Bile leakage 1 (1.0%)
 Bleeding 1 (1.0%)

Treatment after failed initial DB-ERCP
 PTBD 7
 EUS-HGS 2
 ERCP via an intestinal stoma 1
 Conservative treatment 1
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surgical procedures, the length of an afferent loop was 
40 cm (range 30–50 cm). Biliary cannulation and techni-
cal success were achieved in 91.3% and 87.5% patients, 
respectively. Overall, the resolution of an anastomotic 
stricture was achieved in 56 patients (70%) with the median 
follow-up period of 2.7 years (range 0.1–9.7 years). The 
resolution of an anastomotic stricture was achieved by bal-
loon dilation alone in 42 patients (52.5%) and by plastic 
stent placement following balloon dilation in 14 patients 
(17.5%). Supplementary Fig. 2 illustrates the cumulative 
recurrence rate of the hepaticojejunostomy anastomotic 
stricture after successful balloon dilation among patients 
with Roux-en-Y reconstruction.

We examined predictive factors for anastomotic stric-
ture resolution via endoscopic treatment (balloon dila-
tion with/without plastic stent placement) using logistic 
regression analyses (Table 3). In the multivariable analy-
sis, time to DB-ERCP of > 12 months (OR 5.59; 95% CI 
1.69–18.5), and the scar-like appearance (OR 5.22; 95% 
CI 1.29–21.1) were positively associated with the resolu-
tion. When we entered the time to DB-ERCP as a con-
tinuous variable in a multivariable model considering the 
potential effect of an arbitrary cut-off value, an increase 
in the time was associated with a high likelihood of the 
stricture resolution (P = 0.039). When examining associa-
tions of biliary stricture resolution with balloon dilation 
and plastic stent placement separately, time to DB-ERCP 
of > 12 months was associated with the resolution via bal-
loon dilation (Supplementary Table 4). Male sex and the 
scar-like appearance were associated with the resolution 

via plastic stents (Supplementary Table 5). However, the 
statistical power was limited in these subgroup analyses.

Discussion

In this retrospective study involving the largest sample of 
patients in this field, the technical success of DB-ERCP for 
a hepaticojejunostomy anastomotic stricture was achieved 
in a majority of patients. Using balloon dilation and plastic 
stents, the stricture resolution was observed in up to 75% 
of the study population. In our risk-factor analysis, longer 
post-operative period and the scar-like appearance on the 
endoscopic view were preferably associated with the stric-
ture resolution.

The emerging DB-ERCP has enabled endoscopic pan-
creatobiliary interventions that were traditionally performed 
using a duodenoscope for patients with normal upper gastro-
intestinal anatomy. For patients with a hepaticojejunostomy 
anastomotic stricture, the feasibility of balloon dilation fol-
lowed by plastic stent placement has been documented in 
several retrospective studies [18–20] (Table 4). The dilation 
of the anastomotic stricture using a balloon catheter has been 
generally performed as a first-choice treatment option and 
associated with a high rate of short-term stricture resolution 
of 78–100% [18, 20]. However, the stricture recurrence rate 
during the follow-up period was reported to be as high as 
50–71%. Placing plastic stent(s) might provide additional 
effects on prolongation of the anastomosis patency; however, 
there are only limited data on this treatment strategy [19]. 
In line with the prior studies, our study supports the techni-
cal feasibility of balloon dilation for a hepaticojejunostomy 
anastomotic stricture, and more than one-third patients expe-
rienced recurrent strictures, half of which were resolved by 
prolonged placement of plastic stents.

Our findings of predictive factors for the resolution 
of a hepaticojejunostomy anastomotic stricture via DB-
ERCP may have clinical relevance. In the current study, 
patients with shorter post-operative time or those without 
the scar-like appearance were more likely to be refrac-
tory to endoscopic treatment. The scar-like appearance 
may implicate that the intestinal mucosa surrounding the 
anastomosis does not have active inflammatory changes 
due to the surgery or host factors, and thus, be suscep-
tible to the mechanical dilation. Similarly, patients with 
prolonged post-operative time may be amenable to the 
endoscopic therapy. Therefore, alternative strategies 
should be established for this subset of patients with a 
hepaticojejunostomy anastomotic stricture. Clinical stud-
ies suggest the effectiveness of a covered self-expandable 
metal stent (SEMS) for benign biliary strictures includ-
ing strictures after liver transplantation or those due to 
chronic pancreatitis [23–27]. Although the SEMS would 

Fig. 5   Kaplan–Meier curve of cumulative incidence of recurrence 
after successful balloon dilation of a hepaticojejunostomy anasto-
motic stricture among patients with follow-up duration of more than 
12 months. Small vertical bars on the curve indicate censored cases
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reportedly decrease the number of ERCP sessions as well 
as the length of endoscopic treatment, the use of SEMS 
might also increase cost effectiveness. The usefulness and 
cost effectiveness should be further evaluated in those with 
benign biliary strictures in patients with surgically altered 
anatomy. An electrocautery dilation catheter or local ster-
oid injection might be considered as an additional option 

to improve clinical outcomes of DB-ERCP for a hepatico-
jejunostomy anastomotic stricture [28–30].

We acknowledge limitations in the current study. A ret-
rospective observational study design in a single center is 
a limitation, i.e., there might be a treatment selection bias. 
Similarly, the criteria for placement and removal of plastic 
stents were not strictly pre-defined. Nonetheless, using our 

Table 3   Predictive factors for resolution of a hepaticojejunostomy anastomotic stricture after treatment via DB-ERCP

CI confidence interval, DB-ERCP double-balloon endoscope-assisted endoscopic retrograde cholangiopancreatography
† In a multivariable analysis, we used a missing indicator variable for cases with missing data on the variable “the scar-like appearance”

Characteristic Stricture resolu-
tion, N (%)

Odds ratio for stricture resolution

Univariable (95% CI) P Multivariable† (95% CI) P

Patient factor
 Sex
  Female (N = 41) 29 (70.7%) 1 (referent)
  Male (N = 50) 41 (82.0%) 1.89 (0.70–5.06) 0.21

 Age at DB-ERCP
  < 70 years (N = 47) 36 (76.6%) 1 (referent)
  ≥ 70 years (N = 44) 34 (77.3%) 1.04 (0.39–2.76) 0.94

 Primary disease
  Benign (N = 44) 34 (77.3%) 1 (referent)
  Malignant (N = 47) 36 (76.6%) 0.96 (0.36–2.56) 0.94

 Roux-en-Y reconstruction
  Absent (N = 21) 14 (66.7%) 1 (referent)
  Present (N = 70) 56 (80.0%) 2.00 (0.68–5.89) 0.21

 No. of anastomoses
  ≥ 2 (N = 13) 10 (76.9%) 1 (referent)
  =1 (N = 54) 44 (81.5%) 1.32 (0.31–5.69) 0.71

 Surgery to DB-ERCP
  < 12 months (N = 39) 26 (66.7%) 1 (referent) 1 (referent)
  ≥ 12 months (N = 52) 44 (84.6%) 2.75 (1.01–7.52) 0.049 5.59 (1.69–18.5) 0.0049

Characteristic of stricture
 Small opening
  Absent (N = 56) 45 (80.4%) 1 (referent)
  Present (N = 11) 9 (81.8%) 1.10 (0.21–5.83) 0.91

 Scar-like appearance
  Absent (N = 27) 19 (70.4%) 1 (referent) 1 (referent)
  Present (N = 39) 34 (87.2%) 2.86 (0.82–10.0) 0.099 5.22 (1.29–21.1) 0.020

 Length of stricture
  < 3 mm (N = 28) 23 (82.1%) 1 (referent)
  ≥ 3 mm (N = 39) 31 (79.5%) 0.84 (0.24–2.91) 0.79

 Diameter of a balloon catheter
  < 8 mm (N = 28) 22 (78.6%) 1 (referent)
  ≥ 8 mm (N = 39) 32 (82.1%) 1.25 (0.37–4.21) 0.72

 Disappearance of balloon waist
  Absent (N = 19) 14 (73.7%) 1 (referent)
  Present (N = 48) 40 (83.3%) 1.79 (0.5–6.37) 0.37

 Bile duct stone
  Absent (N = 46) 33 (71.7%) 1 (referent)
  Present (N = 45) 37 (82.2%) 1.82 (0.67–4.94) 0.24
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prospectively maintained endoscopy database, we included 
consecutive patients who received DB-ERCP for a hepati-
cojejunostomy anastomotic stricture. Furthermore, our rela-
tively large sample size and long follow-up duration allowed 
us to evaluate predictive factors for the stricture resolution 
(or recurrence).

In conclusion, endoscopic treatment utilizing balloon 
dilatation combined with plastic stent placement appeared 
to be a safe and effective treatment strategy for hepaticoje-
junostomy anastomotic strictures. Given a prolonged period 
of stent placement and a large number of DB-ERCP pro-
cedures, investigations of alternative modalities should be 
designed targeting the population who are likely to be refrac-
tory to balloon dilation and/or plastic stent placement.
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