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Balloon dilation alone may be a viable option for patients with benign hepaticojejunostomy anastomotic stricture (HJAS)
without residual balloon notches on fluoroscopy.
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Background/Aims: Hepaticojejunostomy anastomotic stricture (HJAS) is a feared adverse event associated with hepatopancreatobili-
ary surgery. Although balloon dilation for benign HJAS during endoscopic retrograde cholangiopancreatography with balloon-assisted
enteroscopy has been reported to be useful, the treatment strategy remains controversial. Therefore, we evaluated the outcomes and
risk factors of recurrent stenosis after balloon dilation alone for benign HJAS.

Methods: We retrospectively analyzed consecutive patients who underwent balloon-assisted enteroscopy-endoscopic retrograde chol-
angiopancreatography for benign HJAS at our institution between July 2014 and December 2020.

Results: Forty-six patients were included, 16 of whom had recurrent HJAS after balloon dilation. The patency rates at 1 and 2 years af-
ter balloon dilation were 76.8% and 64.2%, respectively. Presence of a residual balloon notch during balloon dilation was an indepen-
dent predictor of recurrence (hazard ratio, 2.80; 95% confidence interval, 1.01-7.78; p=0.048), whereas HJAS within postoperative 1
year tended to be associated with recurrence (hazard ratio, 2.43; 95% confidence interval, 0.85-6.89; p=0.096). The patency rates in pa-
tients without a residual balloon notch were 82.1% and 73.1% after 1 and 2 years, respectively.

Conclusions: Balloon dilation alone may be a viable option for patients with benign HJAS without residual balloon notches on fluoros-

copy.
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INTRODUCTION

Hepaticojejunostomy is performed in surgeries involving extra-
hepatic bile duct resection, most commonly for pancreatic can-
cer and cholangiocarcinoma. Benign hepaticojejunostomy anas-
tomotic stricture (HJAS) occurs in 2.6% to 12.5% of cases."”
The incidence of benign HJAS may increase as the postopera-
tive period increases.” Benign HJAS is expected to increase as
improvements in surgical outcomes and perioperative chemo-
therapy improve postoperative survival.””

HJAS can lead to repeated cholangitis, obstructive jaundice,
intrahepatic bile duct stones, and liver abscesses, all of which
require prompt treatment. Because achieving hepaticojejunos-
tomy anastomosis using conventional endoscopes is difficult,
treatment options are traditionally limited to percutaneous
transhepatic biliary drainage (PTBD) or surgical reintervention.
However, balloon-assisted enteroscopy (BAE) has facilitated
endoscopic retrograde cholangiopancreatography (ERCP) for
HJAS and achieved favorable results.'”"> BAE-ERCP is now rec-
ognized as a useful alternative to PTBD for benign HJAS due to
its good outcomes and low invasiveness.

Treatment for benign HJAS includes balloon dilation, tempo-
rary biliary stent deployment, radial incision and cutting, and

16-21

biodegradable stents. ™ Balloon dilation is favored because of

its simplicity. However, studies on treatment outcomes and risk

. 16,17
factors for recurrent stenosis are scarce.'

Therefore, we con-
ducted a retrospective study to evaluate the treatment outcomes

and risk factors for recurrent stenosis after balloon dilation for
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benign HJAS using BAE-ERCP.

METHODS

Patients

We retrospectively analyzed consecutive patients who under-
went BAE-ERCP for benign HJAS at Cancer Institute Hospital
of Japanese Foundation for Cancer Research between July 2014
and December 2020. We defined HJAS as a hepaticojejunosto-
my anastomosis requiring balloon dilation that was associated
with cholangitis, jaundice, intrahepatic stones, or elevated liver
enzymes. We defined benign HJAS as HJAS without irregu-
lar mucosa or rough stenosis on endoscopy, irregular lesions
in the bile duct on cholangiography, or findings suggestive of
malignancy on computed tomography. Oral anticoagulants
were either suspended or replaced with intravenous heparin
prior to all procedures. Patients who had previously undergone
BAE-ERCP for HJAS and those who required biliary stent de-
ployment in addition to balloon dilation were excluded.

Procedure

BAE-ERCP was performed using single-balloon enteroscopy
under moderate sedation with midazolam and analgesia with
pethidine. Two types of single-balloon enteroscopy were used
during the study period (SIF-Q260, working length: 2,000 mm,
channel diameter: 2.8 mm, and SIF-H290S, working length:
1,520 mm, channel diameter: 3.2 mm; Olympus Medical Sys-
tems). All procedures were performed by experts or trainees
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under their guidance.

After reaching the hepaticojejunostomy anastomotic site,
biliary cannulation and cholangiography were performed us-
ing a cannulation catheter (MTW Endoskopie Manufaktur,
Wesel, Germany) and a 0.025-inch guidewire (Visiglide 2;
Olympus Medical Systems). After inserting the guidewire into
the bile duct, a catheter was inserted, and cholangiography
was performed to measure the diameter of the bile duct above
the HJAS. If the HJAS was too narrow for the catheter to pass
through, a dilation balloon catheter (CRE PRO or Hurricane
RX; Boston Scientific Corp.; REN, KANEKA; MEDIX Corp.)
was inserted over the guidewire. If a dilation balloon catheter
also failed to pass through the HJAS, a stent retriever (7-Fr
screw-type device, Soehendra Stent Retriever; Cook Medical
Inc., Bloomington, IN, USA) was used to pre-dilate the HJAS
over the guidewire before inserting the balloon catheter.”” The
balloon dilator with a balloon diameter of 4 to10 mm (de-
pending on the diameter of the bile duct) was inflated at the
HJAS for 30 to 120 seconds (with pressure of up to 810.6 kPa).
Balloon dilation was generally conducted only once, although
it was repeated up to four times if dilation was deemed insuf-
ficient. A residual balloon notch was considered positive if a
visible notch remained in the balloon dilator with maximal
pressure applied on fluoroscopy immediately before deflation
in all dilation attempts. Fluoroscopic images of the absent and

present residual balloon notches are presented in Figure 1, re-
spectively.

Any intrahepatic stones were removed using a retrieval bal-
loon catheter and/or basket catheter. An endoscopic nasobiliary
drainage tube was placed at the discretion of the physician,
generally in patients with concomitant cholangitis or residual
intrahepatic stones.

Follow-up

Patients were followed-up with laboratory studies every 1 to 3
months after discharge. BAE-ERCP was repeated in patients
with findings suggestive of recurrent stenosis, such as jaundice,
fever, elevated liver enzymes, and/or a dilated biliary tree on
imaging. Balloon dilation with or without stent deployment was
performed to treat recurrent stenosis. Follow-up was conducted
until November 30, 2021.

Evaluation

This study evaluated technical and clinical success, HJAS pa-
tency after balloon dilation, risk factors for recurrent stenosis,
and adverse events (AEs). Technical success was defined as en-
doscopically visible improvement of benign HJAS after balloon
dilation. Clinical success was defined as an improvement in
clinical symptoms and/or laboratory data within 14 days after
the procedure. The final preoperative computed tomography

Fig. 1. Balloon dilation on fluoroscopy. (A) No balloon notch. (B) Residual balloon notch (arrow).
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scan was used to determine the preoperative bile duct diameter.
We considered whether the surgery involved vascular resection
and whether bile leakage occurred postoperatively. The length
of the stenosis was measured from the intestinal wall to the
lower end of the dilated bile duct using fluoroscopy. The pres-
ence or absence of a scar-like appearance at the anastomosis site
on endoscopy was evaluated.” Patency time was defined as the
time from the first treatment to the second balloon dilation or
to the last follow-up date. According to the presence or absence
of recurrent HJAS, the patients were divided into recurrent
HJAS group and no recurrence group. AEs were defined as any
postoperative event based on a lexicon for endoscopic AEs.”

Statistical analysis

Continuous variables are presented as medians (ranges) and
compared using the Mann-Whitney U test. Categorical vari-
ables are described as absolute numbers (proportions) and were
analyzed using the chi-squared or Fisher exact test. A p-value
<0.05 was considered statistically significant. Patency time was
calculated using the Kaplan-Meier method and compared using
the log-rank test. Nine variables were assessed using univari-
ate analysis to identify factors predicting recurrent stenosis as
follows: sex, history of hepatectomy, history of preoperative
biliary drainage, HJAS occurring within 1 year postoperatively,
presence of jaundice, use of a stent retriever, length of stenosis
exceeding 3 mm, residual balloon notch, and intrahepatic stone
removal. Factors with p-values <0.15 in the univariate analysis
were used in the multivariate logistic regression analysis, and
hazard ratios (HRs) with a 95% confidence interval (CI) were
calculated. All statistical analyses were performed using EZR
ver. 1.54 (Saitama Medical Center, Jichi Medical University).25

Ethical statements

This study was approved by the ethics committee of Cancer
Institute Hospital of Japanese Foundation for Cancer Research
(approval number: 2021-GA-1017). The requirement of informed
consent for study participation was waived owing to the retrospec-
tive nature of the study. All the procedures were performed in
accordance with the principles of the Declaration of Helsinki.

RESULTS

Patient characteristics
Fifty-four patients underwent balloon dilation during the
first episode of benign HJAS using BAE-ERCP, of whom two
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patients were excluded because of ERCP failure. Endoscopic
ultrasound (EUS)-guided hepaticogastrostomy was performed
in one case because the hepaticojejunostomy anastomosis could
not be identified. PTBD was performed in another case because
the guidewire could not pass through the heavily stenosed
HJAS. The technical success rate was 96.3% (52 of 54 cases). Six
cases were excluded because biliary stents were placed after bal-
loon dilation (Fig. 2).

Ultimately, the study included 46 patients for whom technical
success was achieved. The baseline and perioperative character-
istics are summarized in Table 1. Clinical success was achieved
in all the cases. Recurrent HJAS was observed in 16 (34.8%)
patients. The median follow-up period was 25.5 months (inter-
quartile range, 15.2-41.1 months), and no significant difference
in the follow-up time was observed between the two groups
(26.9 months in the recurrent HJAS group vs. 24.0 months in
the no recurrence group, p=0.76). Resected lesions were malig-
nant in 75.0% of the recurrent HJAS group vs. 86.7% of the no
recurrence group (p=0.42). Pancreaticoduodenectomy was the
most common surgery, while hepatectomy was performed in
25.0% of the recurrent HJAS group vs. 10.0% of the no recur-
rence group (p=0.22). The most common suture method for
hepaticojejunostomy anastomosis was a combination of contin-
uous and discontinuous sutures; continuous sutures were used
in only one case. No significant differences in preoperative bile
duct diameter and preoperative biliary drainage were observed
between the two groups. The median time from surgery to
HJAS was shorter in the recurrent stenosis group than that in
the no recurrence group (p=0.09).

Attempted BAE-ERCP for
benign HJAS (n=52)

Failure:
» EUS-BD (n=1)
v PTBD (n=1)
Success in reaching benign
HJAS (n=52)

_| Balloon dilation followed by
stent placement (n=6)

A4
Balloon dilation alone (n=46)

Fig. 2. Patient flow chart. BAE, balloon-assisted enteroscopy; ERCP,
endoscopic retrograde cholangiopancreatography; HJAS, hepati-
cojejunostomy anastomosis stricture; EUS-BD, endoscopic ultra-
sound-guided biliary drainage; PTBD, percutaneous transhepatic
biliary drainage.



Table 1. Patient characteristics
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Characteristic Category Recurrent HJAS (n=16) No recurrence (n=30) p-value
Age (yr) 67 (38-78) 71 (44-81) 0.22
Male sex 13 (81.3) 24 (80.0) >0.99
Indication for hepaticojejunostomy Benign disease 4(25.0) 4(13.3) 0.42
Malignant disease 12 (75.0) 26 (86.7)
Type of surgery and digestive tract recon- Pancreaticoduodenectomy with 10 (62.5) 26 (86.7) 0.04
struction Billroth-II reconstruction
Pancreaticoduodenectomy with 2(12.5) 1(3.3)
Roux-en-Y reconstruction
Hepatectomy and resection of the 4(25.0) 1(3.3)
extrahepatic bile ductwith Roux-
en-Y reconstruction
Hepatectomy and pancreaticoduo- 0(0) 2(6.7)
denectomy with Billroth-II
reconstruction
Surgical approach Open approach 15(93.8) 30 (100) 0.35
Laparoscopic-assisted approach 1(6.3) 0(0)
Suture method Combination of continuous and 11 (68.8) 23 (76.7) 0.66
discontinuous suture
Discontinuous suture 5(31.3) 6 (20.0)
Continuous suture 0(0) 1(3.3)
Vascular resection Yes 2(12.5) 8(26.7) 0.46
No 14 (87.5) 22 (73.3)
Bile leakage after surgery Yes 1(6.3) 0(0) 0.35
No 15 (93.8) 30 (100)
Preoperative biliary drainage 3(18.8) 8 (26.7) 0.72
Preoperative bile duct diameter (mm) 52(2.4-14.7) 4.8(2.4-22.9) 0.75
Time from surgery to first HJAS (mo) 20.6 (2.7-137.0) 27.8 (2.2-69.8) 0.09
Reason for biliary drainage Cholangitis 6 (37.5) 15 (50.0) 0.36
Jaundice 9 (56.3) 11 (36.7)
Intrahepatic stones 1(6.3) 1(3.3)
Elevated hepatobiliary enzymes only 0(0) 3(10.0)
Laboratory data at first drainage White blood cell count, x10*/uL 5.2 (2.7-14.4) 6.0 (2.4-24.2) 0.12
Total bilirubin, mg/dL 1.7 (0.3-2.8) 1.2 (0.2-5.8) 0.92
Aspartate aminotransferase, IU/L 73 (20-604) 91 (19-819) 0.61
Alanine aminotransferase, [U/L 88 (15-692) 98 (14-672) 0.68
y-glutamyl transpeptidase, IU/L 480 (82-2,100) 372 (20-1,833) 0.25

Alkaline phosphatase, IU/L

C-reactive protein, mg/dL

918 (287-4,987)
2.96 (0.25-12.05)

886 (124-2,332) 0.50
2.07 (0.07-15.15) 0.72

Values are presented as median (range) or number (%).
HJAS, hepaticojejunostomy anastomosis stricture; IU, international units.

Treatment outcomes

Table 2 summarizes the characteristics of BAE-ERCP in the
patients with and without recurrent stenosis. The presence or
absence of a scar-like appearance at the anastomotic site was
not associated with recurrent stenosis (56.3% with scar-like
appearance vs. 36.7% without scar-like appearance, p=0.23).
No significant differences in endoscopes used or use of a stent
retriever were observed between the two groups. The length of

the anastomotic stricture tended to be longer in the recurrent
HJAS group than in the no recurrence group (4.5 mm vs. 2.5
mm, respectively; p=0.07). The median balloon diameter was
8.0 mm. Residual balloon notch was observed significantly
more often in the recurrent stenosis group than in the no re-
currence group (56.3% vs. 23.3%, p=0.049). Intrahepatic stone
removal after balloon dilation of HJAS was performed in 43.8%
of the recurrent HJAS group and 60.0% of the no recurrence
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Table 2. Treatment-related characteristics

Characteristic Recurrent HJAS (n=16) No recurrence (n=30) p-value
Endoscope used 0.28
SIF-H290S 16 (100) 26 (86.7)
SIF-Q260 0 (0) 4(13.3)
Scar-like appearance on endoscopy 9 (56.3) 11 (36.7) 0.23
Dilation using stent retriever 1(6.2) 6 (20.0) 0.39
Length of anastomotic stricture (mm) 4.5(1.0-7.1) 2.5(1.0-11.1) 0.07
Bile duct diameter (mm) 5.2(2.4-14.7) 4.8 (2.4-22.9) 0.75
Balloon diameter (mm) 8 (4-10) 8 (6-10) 0.20
Maximal pressure of balloon dilation (atm) 8.0 (1.5-8.0) 8.0 (3.0-8.0) 0.50
Balloon inflation time (min) 1.0 (1.0-2.0) 1.0 (0.5-2.0) 0.68
Presence of residual balloon notch 9(56.3) 7 (23.3) 0.05
Intrahepatic stone removal 7 (43.8) 18 (60.0) 0.36
Time to reach hepaticojejunostomy anastomosis (min) 9 (2-95) 8 (2-60) 0.95
Procedure time (min) 45 (25-120) 50 (13-120) 0.51
Values are presented as number (%) or median (range).
HJAS, hepaticojejunostomy anastomosis stricture.
group (p=0.36). 1.0 —
Figure 3 presents cumulative HJAS patency after balloon di-
lation. Patency rates after 1 and 2 years were 76.8% and 64.2%, 08 -
respectively.
. . 2 0.6 -
Risk factors for recurrent stenosis %
Table 3 presents the univariate and multivariate analyses of _§
factors associated with recurrent stenosis after balloon dilation. & 04 -
Residual balloon notch was a significant predictor of recur- Median time to recurrent HJAS: NA (95% CI, 21.2-NA)
rent HJAS (p=0.02), while HJAS within 1 year postoperatively 02 - Patency rate
(p=0.05) and anastomotic stricture length >3 mm (p=0.10) ig: ?323122576648;&(?;;&(:&6;;2@;?5;:%
tended to predict recurrent HJAS in the univariate analysis.
Meanwhile, the multivariate logistic regression analysis re- 00 0 llo 2|0 3|0 4|0 5|0 6|0
vealed that residual balloon notch was an independent factor Time (mo)

for recurrent stenosis (HR, 2.80; 95% CI, 1.01-7.78; p=0.048).
HJAS within postoperative 1 year tended to be associated with
recurrent stenosis (HR, 2.43; 95% CI, 0.85-6.89; p=0.096). The
length of the stenosis did not affect the restenosis rate. The
patency time of patients with the disappearance of the balloon
notch was significantly longer than that of patients with a resid-
ual balloon notch (p=0.02, Fig. 4). The patency rates of patients
with and without a residual balloon notch were 66.7% and 82.1%

after 1 year and 45.7% and 73.1% after 2 years, respectively.

Adverse events

Three AEs (6.5%) were observed: two cases of mild cholangitis
and one case of perforation. No AEs were associated with scope
insertion.
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Number at risk
46 34 20 15 9 6 1

Fig. 3. Time to recurrent stenosis after first balloon dilation for
HJAS. HJAS, hepaticojejunostomy anastomosis stricture; NA, not
available; CI, confidence interval.

In the perforation cases, HJAS occurred 2.7 months after
pancreaticoduodenectomy, and balloon dilation was per-
formed. An 8-mm balloon was selected because the bile duct
diameter was 8.8 mm, although a residual balloon notch was
observed upon inflation. Three days after the procedure, the
patient developed fever that was not accompanied by abdomi-
nal pain or jaundice. The patient’s C-reactive protein level was
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Table 3. The univariate and multivariate analysis of risk factors for recurrent HJAS

Univariate Multivariate
n HR (95% CI) p-value HR (95% CI) p-value
Sex Male 37 0.98 (0.27-3.45) 0.97
Female 9 Ref.
Hepatectomy Yes 7 2.00 (0.65-6.31) 0.22
No 39 Ref.
Preoperative biliary drainage Yes 11 0.88 (0.25-3.10) 0.85
No 35 Ref.
HJAS within one year after surgery Yes 10 2.71 (0.98-7.45) 0.05 2.43 (0.85-6.89) 0.096
No 36 Ref.
Jaundice Yes 20 1.90 (0.71-5.12) 0.20
No 26 Ref.
Use of stent retriever Yes 7 0.28 (0.03-1.74) 0.15
No 39 Ref.
Length of anastomotic stricture > 3 mm Yes 27 2.89(0.82-10.15) 0.10 1.89 (0.50-7.08) 0.35
No 19 Ref.
Residual balloon notch Yes 16 3.15(1.17-8.49) 0.02 2.80 (1.01-7.78) 0.048
No 30 Ref.
Intrahepatic stone removal Yes 8 0.55 (0.20-1.48) 0.24
No 38 Ref.

HJAS, hepaticojejunostomy anastomosis stricture; HR, hazard ratio; CI, confidence interval; ref, reference.

Notch
— No notch
---- Residual notch
"""""" No notch: NA (95% CI, NA-NA)
z 067 Residual notch: 19.8 months (95% CI, 5.1-NA)
= p=0.02
2
s | e
2
& 0.4+
1
Patency rate
After one year: 82.1% vs. 66.7%
After two years: 73.1% vs. 45.7%
0.0 T T T T T T
0 10 20 30 40 50 60
Time (mo)
Number at risk
No notch 30 23 16 12 7 5 0
Residual 16 11 4 3 2 1 1
notch

Fig. 4. Time to recurrent HJAS based on presence of residual balloon
notch. HJAS, hepaticojejunostomy anastomosis stricture; NA, not
available; CI, confidence interval.

elevated, and computed tomography revealed a small amount
of free air in the retroperitoneum. The patient was treated with
antibiotics, and recovered with conservative treatment alone.

DISCUSSION

In this study, we retrospectively reviewed postsurgical cases of
benign HJAS that underwent balloon dilation. Patency rates
after 1 and 2 years were 76.8% and 64.2%, respectively. Our re-
sults were consistent with those of a previous report on balloon
dilation for benign HJAS, which achieved a clinical success rate
of 100% and patency rates of 73% and 55% after 1 and 2 years,
respectively.* We also identified that residual balloon notch was
arisk factor for recurrent HJAS and that HJAS within postoper-
ative 1 year tended to predict recurrent HJAS.

To reduce the risk of recurrent HJAS, the effectiveness of
balloon dilation combined with plastic stent or fully covered
self-expanding metal stent (FC-SEMS) placement has been
investigated.”"” The 1-year patency rate after balloon dilation
with plastic stent placement was 89.4% to 94.4%.""" Balloon
dilation with FC-SEMS placement led to maintained patency
in 85.0% of cases after 3 months and recurrent HJAS in 5.9%
during a follow-up period of 11.9 months."* Meanwhile, balloon
dilation combined with plastic stent or FC-SEMS placement
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requires multiple BAE-ERCP procedures and additional admis-
sions for stent removal, leading to higher medical costs.

As balloon dilation alone is sufficient for some cases of be-
nign HJAS, identifying subgroups that benefit from plastic stent
or FC-SEMS placement and those that only require balloon di-
lation is desirable. However, whether early HJAS formation (<1
year postoperatively to HJAS) is a risk factor for recurrent HJAS
'*7 In this study,
we identified residual balloon notch on fluoroscopy as an in-

after balloon dilation alone remains unclear.

dependent predictor of recurrent HJAS. Balloon dilation alone
may be sufficient if the notch disappears on fluoroscopy, with
1-year and 2-year patency rates of 82.1% and 73.1%, respective-
ly. By contrast, the 1-year and 2-year patency rates decreased to
66.7% and 45.7%, respectively, if a residual balloon notch was
present. Plastic stent or FC-SEMS placement may be indicated
in the latter subgroup.

To date, no consensus on the treatment strategies for re-
current HJAS has been established. FC-SEMS for HJAS led
to 100% stricture resolution in one study, although recurrent
HJAS occurred in 25.0% (3/12) of cases.” Another proposed
alternative is radial incision and cutting; however, procedural
difficulty and perforation risk present significant hurdles for
the procedure.”” PTBD was a common choice for difficult cases
in the past; however, it is associated with various AEs includ-
ing sepsis, parietal pain, hemobilia, and hemorrhage, as well
as restrictions in activities of daily living due to the indwelling
drainage tube.”**

Recently, the usefulness of EUS-guided biliary drainage
(EUS-BD) for HJAS has been reported.”” Despite a high suc-
cess rate, EUS-BD procedures have problems with a high rate
of AEs.” Many problems remain unresolved, including long-
term outcomes, procedural standardization, and development
of specialized devices. Furthermore, PTBD and EUS-BD can

be difficult in cases without bile duct dilation.”™*

Presently, we
consider BAE-ERCP to be the first choice of treatment for be-
nign HJAS.

AEs have been reported to occur in 2.9% to 6.5% of cases
after balloon dilation alone."”"” AEs such as cholangitis, stent
migration, bleeding, pancreatitis, and perforation are more
frequent after balloon dilation combined with plastic stent or
FC-SEMS placement, arising in 5% to 20.7% of cases.'”""*
However, care is warranted even when performing balloon di-
lation alone, as AEs such as perforation may occur with overly
aggressive balloon dilation.

This study had some limitations. First, this was a retrospec-
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tive study conducted at a single institution with a limited sam-
ple size. Second, balloon diameter and dilation time were left to
the discretion of each physician. Third, the median follow-up
period was 25.5 months, precluding a thorough evaluation of
the long-term results. The long-term results of HJAS treatment
with BAE-ERCP require further investigation.

In conclusion, this retrospective study revealed that residual
balloon notch is an independent risk factor for recurrent steno-
sis after balloon dilation for benign HJAS. Prospective studies
are desirable to determine whether plastic stents or FC-SEMS
should be placed in patients with residual balloon notches after
balloon dilation.
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