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Abstract

AIM: To investigate the prognostic factors determining
the success rate of non-surgical treatment in the man-
agement of post-operative bile duct injuries (BDISs).

METHODS: The study patients were enrolled from the
pancreatobiliary units of a tertiary teaching hospital for
the treatment of BDIs after hepatobiliary tract surger-
ies, excluding operations for liver transplantation and
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malignancies, from January 1999 to August 2010. A
total of 5167 patients underwent operations, and 77
patients had BDIs following surgery. The primary end
point was the treatment success rate according to dif-
ferent types of BDIs sustained using endoscopic or
percutaneous hepatic approaches. The type of BDI was
defined using one of the following diagnostic tools:
endoscopic retrograde cholangiography, percutaneous
transhepatic cholangiography, computed tomography
scan, and magnetic resonance cholangiography. Pa-
tients with a final diagnosis of BDI underwent endo-
scopic and/or percutaneous interventions for the treat-
ment of bile leak and/or stricture if clinically indicated.
Patient consent was obtained, and study approval was
granted by the Institutional Review Board in accor-
dance with the legal regulations of the Human Clinical
Research Center at the Seoul National University Hospi-
tal in Seoul, South Korea.

RESULTS: A total of 77 patients were enrolled in the
study. They were divided into three groups according
to type of BDI. Among them, 55 patients (71%) under-
went cholecystectomy. Thirty-six patients (47%) had
bile leak only (type 1), 31 patients had biliary stricture
only (type 2), and 10 patients had both bile leak and
biliary stricture (type 3). Their initial treatment modali-
ties were non-surgical. The success rate of non-surgical
treatment in each group was as follows: BDI type 1:
94%; type 2: 71%; and type 3: 30%. Clinical param-
eters such as demographic factors, primary disease,
operation method, type of operation, non-surgical
treatment modalities, endoscopic procedure steps, type
of BDI, time to diagnosis and treatment duration were
evaluated to evaluate the prognostic factors affecting
the success rate. The type of BDI was a statistically
significant prognostic factor in determining the success
rate of non-surgical treatment. In addition, a shorter
time to diagnosis of BDI after the operation correlated
significantly with higher success rates in the treatment
of type 1 BDIs.
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CONCLUSION: Endoscopic or percutaneous hepatic
approaches can be used as an initial treatment in type
1 and 2 BDIs. However, surgical intervention is a treat-
ment of choice in type 3 BDI.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: It is not unusual to encounter patients with
post-operative bile duct injuries (BDIs) in the setting
of a specialized biliary clinic at tertiary hospitals. With
regard to the patients’ best interests, it is important to
determine the suitability of non-invasive treatment. We
analyzed the clinical outcomes and various prognostic
factors that affected the success rates of non-surgical
treatments. The BDI type was the single most powerful
factor that determined the success rate of non-surgical
treatment. In addition, we emphasize that this series
of 77 patients with post-operative BDI was one of the
largest series of this type to be examined.
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INTRODUCTION

Bile duct injuries (BDIs) such as bile leak or stricture can
occur as one of the most serious complications following
a variety of hepatobiliary tract surgical procedures, and
the associated morbidities have a definite impact on qual-
ity of life"™. Previous studies have reported the incidence
of post-operative BDI following open and laparoscopic
cholecystectomy to be 0.1%-0.3% and 0.11%-1.4%"".
The laparoscopic approach is preferred because it re-
sults in less postoperative pain, a shorter hospital stay,
and a faster return to normal activity'”, Laparoscopic
cholecystectomy, which has become the first-line surgi-
cal treatment for calculous gallbladder disease, has been
associated with a higher risk (2- to 4-fold increase) in
the incidence of postoperative BDI". Patients with BDI
can have multiple different presentations, and they may
present with life-threatening complications such as peri-
tonitis, sepsis, cholangitis or external biliary fistulae™.
Furthermore, they are also at high risk of developing
long-term complications such as secondary biliary cir-
rhosis, and therefore, BDI may have a major impact on
patients’ quality of life"""?. Some studies have indicated
that bile leaks from post-operative BDIs can be success-
fully treated in 78%-100% of patients using endoscopic
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1% However, there is no

or radiological interventions
current consensus regarding gold standard treatment of
post-operative BDIs. In addition, there is controversy as
to whether such patients should be treated with surgical
or non-surgical methods" "', Provided that the treatment
outcomes are equivalent, non-surgical approaches are
preferred over invasive surgical options.

Therefore, the aims of this study were to analyze the
clinical outcomes of non-surgical treatments in patients
with BDI following hepatobiliary operations based on
BDI type and to determine the appropriate management
according to post-operative BDI type.

MATERIALS AND METHODS

Patients

The study patients were enrolled from the pancreatobili-
ary units of a tertiary teaching hospital (Seoul National
University Hospital) for the treatment of BDIs after hep-
atobiliary tract surgeries, excluding operations for liver
transplantation and malignancies, from January 1999 to
August 2010. A total of 5167 patients underwent hepato-
biliary tract surgeries, excluding operations for liver trans-
plantation and malignancies, and 77 patients had BDIs
after their operations. Patient consent was obtained, and
study approval was granted by the Institutional Review
Board in accord with the legal regulations of the Human
Clinical Research Center at our hospital in Seoul, South
Korea.

Protocol for endoscopic intervention

The patients underwent endoscopic retrograde cholan-
giography (ERC) using a duodenoscope (TJF240; Olym-
pus, Tokyo) after an overnight fast. The type and ana-
tomical location of the BDIs were confirmed by contrast
media injection during ERC. Cannulation of the bile duct
and endoscopic sphincterotomy (EST) were performed,
and a guide-wire (Jagwire, 0.025 or 0.035-inch; Boston
Scientific Inc., MA) was passed proximal to the site of
the BDI. Dilatation with a 6-10 mm balloon catheter
(Boston Scientific Inc., MA) was performed at the stric-
ture site. Inflation of the balloon catheter was maintained
for 45-60 s, and single or multiple plastic stents -as many
as possible - were placed at the stricture site (7 Fr or 10
Fr RX Plastic Biliary Stents; Boston Scientific Inc., MA).
If there was more than one stricture site, multiple biliary
stents were placed simultaneously. In the case of a bile
leak, a 10 Fr plastic stent was placed into the proximal
section of the affected site. The patients were monitored
closely, and an ERC was repeated every 1-2 mo until the
bile leak was resolved. Each patient received prophylactic
antibiotics, either cefotaxime or ciprofloxacin, immedi-
ately before endoscopic intervention. However, antibiotic
treatment was continued if the patient showed any signs
or symptoms of systemic infection after the procedure.
The primary end point was the treatment success rate ac-
cording to the different types of BDIs sustained during
endoscopic or percutaneous hepatic approaches.
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Protocol for percutaneous transhepatic intervention

A percutaneous transhepatic biliary drainage (PTBD)
track was made to approach the biliary stricture site. A
0.018-inch-diameter guide-wire (Cook, Bloomington, II-
linois) was inserted into the bile duct through a Chiba
needle. A Terumo guide-wire (0.035-inch) with a 5 Fr
yellow sheath was placed using the standard guide-wire
technique. Dilatations using balloons 6-10 mm in di-
ameter (Blue Max; Microvasive Boston Scientific Inc.,
Natick, Massachusetts) were performed along with guide-
wite insertion through a percutaneous transhepatic biliary
drainage tract. A biliary drainage catheter (8.5 Fr, Cook,
Bloomington, IL.) was advanced into the bile duct and
finally placed at the stricture site. In the same manner, a
biliary drainage catheter (8.5 Fr, Cook, Bloomington, IL)
was placed beyond the leakage point, which facilitated
the healing process at the leakage site. Imaging evidence
of resolution of the BDI was confirmed by subsequent
percutaneous transhepatic cholangiographys (PTCs), and
functional testing of intact bile duct status was confirmed
by closing the PTBD track. The catheter was removed
when there were no symptoms of biliary obstruction de-
spite closure of the PTBD track.

Terms and definitions

The type of BDI was defined using one of the following
diagnostic tools: ERC, PT'C, CT scan, and magnetic reso-
nance cholangiography. Patients with a final diagnosis of
BDI underwent endoscopic and/or percutaneous intet-
ventions for the treatment of a bile leak and/or stricture
if clinically indicated. Patient consent was obtained, and
study approval was granted by the Institutional Review
Boatd in accord with the legal regulations of the Human
Clinical Research Center at the Seoul National University
Hospital in Seoul, Korea. The patients with post-opera-
tive BDIs were stratified into the following types: type 1:
bile leak only; type 2: biliary stricture only and type 3: bile
leak and biliary stricture””. We also used the Strasberg
classification, which is based on stricture location, size
and bile leakage, to determine the type of BDI (Figure
1, Table 1). A successful intervention was defined by the
fulfillment of all of the following criteria: (1) resolution
of symptoms associated with BDI; (2) a cholangiogram
showing no evidence of residual biliary stricture or leak-
age with removal of the stent or biliary catheter; and (3)
no subsequent need for additional procedures including
surgery during or after the 6 mo following stent or cath-
eter removal. The clinical events were defined as follows:
time to diagnosis of post-operative BDI, duration of the
treatment, and relapse of post- operative BDI. The dura-
tion from the hepatobiliary surgery to the diagnosis of
BDI was defined as the time to diagnosis of post- opera-
tive BDI. Duration of the treatment was the time interval
from the time of endoscopic and/or percutaneous pro-
cedures until the removal of biliary stents with a patent
bile duct. Relapse of post-operative BDI was defined as
a clinical condition requiring intervention due to a recur-
rence of BDI at least 6 mo after the removal of biliary
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Figure 1 Strasberg classification of biliary injury.

Table 1 Strasberg classification of biliary injury

Class Description
A Injury to small ducts in continuity with biliary system, with
cystic duct leak

B Injury to sectoral duct with consequent obstruction

C Injury to sectoral duct with consequent bile leak from a duct not
in continuity with biliary system

D Injury lateral to extrahepatic ducts

E1 Stricture located > 2 cm from bile duct confluence

E2 Stricture located < 2 cm from bile duct confluence

E3 Stricture located at bile duct confluence

E4 Stricture involving right and left bile ducts

E5 Complete occlusion of all bile ducts

stents or tubes.

Complications

Procedure-related complications included the following:
cholangitis, acute pancreatitis, perforation and significant
bleeding. Cholangitis was defined as the new onset of fe-
ver (> 38.3 °C) and/or leukocytosis (WBC > 10000/mm?)
with abdominal pain around the right upper quadrant.
Acute pancreatitis was diagnosed when serum amylase
levels reached three times the upper limit of normal (180
U/L) with persistent abdominal pain for at least 24 h after
the treatment procedure. Significant bleeding was defined
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Table 2 Study patients 77 (%)

Variables Total (n = 77)

49.94 (20-81)

Age (yr, range)

Sex

Male 46 (60)
Disease

GB stones with/without CBD stones 52 (68)
IHD stones 11 (14)
Othersl 14 (18)
Operation

Laparoscopic surgery 49 (64)
Open laparotomy 28 (36)
Bile duct exploration 43 (56)
Time to diagnosis [median, d (IQR)] 13 (5-90)

Follow up period [median, d (IQR)] 339 (200-817)

'Others: Gallbladder polyp and etc. CBD: Common bile duct; IHD: Intrahe-
patic duct; BDI: Bile duct injury; IQR: Interquartile range; GB: Gallbladder.

as progressive anemia requiring transfusions of more
than 2 units or hemostasis after the treatment procedure.

Statistical analysis

Statistical analysis was performed using SPSS 15.0 (Fisher’s
exact test Pearson’s y~ test and Kruskall-Wallis test were
used, when appropriate, to determine the statistical sig-
nificance of different demographic and clinical variables).
Multivariate logistic regression analysis was petformed
to determine the significance of variables with respect to
the treatment results in patients with biliary stricture. A P
value < 0.05 was considered statistically significant.

RESULTS

Study patients

The total of 5167 patients underwent hepatobiliary tract
surgeries, excluding operations for liver transplantation
and malignancies, and 77 patients had BDIs after the sur-
gical procedures. Seventy-seven patients who developed
BDI after the hepatobiliary operations were enrolled in
this study. Among them, 55 patients (71%) underwent
cholecystectomy and 22 patients underwent partial hepa-
tectomy with bile duct exploration due to intrahepatic
duct stones. The initial treatment modalities were non-
surgical. The characteristics of study patients are listed in
Table 2. The mean age and male-to-female ratio were 50
years and 1.5, respectively. The preoperative diagnosis in
52 (68%) patients was symptomatic GB stone, and a total
of 64% patients underwent laparoscopic surgery. Bile
duct exploration was performed in 56% of the patients
(Table 2).

There wete three types of BDI (type 1: bile leak only;
type 2: stricture only; and type 3: both bile leak and stric-
ture), and the prevalence of each type was as follows:
type 1, 47%; type 2, 40%; and type 3, 13%. The patients
with BDIs were categorized in more detail according to
the Strasberg classification (Table 3)"*"”. The patients’
bile leaks had a median size of 3.2 mm, ranging from
2.3-3.7 mm, and were treated non-surgically, 7ze., ERBD
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Table 3 Characteristics of study patients according to types

of bile duct injurys 7 (%)

Variables Total (n = 77)
BDI type
Type 1 (leak only) 36 (47)
Type 2 (stricture only) 31 (40)
Type 3 (combined) 10 (13)
BDI type (Strassberg classification)
Type A 36 (47)
Type B 10 (13)
Type C 31 (40)
Type D 0 (0)
Length of stricture, mm (median) 3.2(2.3-3.7)
Size of bile leak, mm (median) 6(2-12)

BDI: Bile duct injury.

with 7-10 Fr plastic stents with sphincterotomy. The pa-
tients’ bile duct strictures had a median length of 6 mm,
with a range of 2-12 mm. Patients with BDIs underwent
endoscopic treatment first, unless it was technically im-
possible to access the ampulla of Vater viz endoscopic
approaches or endoscopic interventions had failed.

Clinical outcomes of non-surgical treatment

The median duration of follow up was 11.3 (range
6.7-27.2) mo after the treatment. The overall success
rate of non-surgical treatment was 77% (59/77). We
evaluated the following factors that potentially affected
the success rate of non-surgical treatment: age, sex,
bile duct exploration, type of surgery (laparoscopic us
open), operation type (cholecystectomy or not), method
of initial treatment (endoscopic »s percutaneous) en-
doscopic sphincterotomy, BDI type, time to diagnosis,
and treatment duration (Table 4). Among these clinical
parameters, BDI type was the only statistically significant
factor in determining clinical outcomes of non-surgical
treatment (P < 0.001) (Table 4). The success rate for BDI
type 1 was significantly higher than the other two types
(94% vs 61%, P < 0.01), whereas the success rate for
BDI in type 3 patients was significantly lower than the
other types (30% o5 84%, P < 0.01). Furthermore, there
was no significant difference in the overall success rate
according to the initial treatment approach (endoscopic
vs percutaneous, P = 0.547). As shown in Table 4, BDI
type 1 was associated with the shortest time to diagnosis
compared to the other BDIs (median time to diagnosis, 6
d »5s 216 and 11 for types 2 and 3, respectively). Of note,
the time to diagnosis of BDI type 1 was significantly
shorter in the success group than in the failure group (9
d 25129 d, P = 0.037), whereas the time to diagnosis was
not statistically significant between the groups (success
vs failure group) for BDI type 2 and 3 (data not shown).
We also analyzed baseline characteristics to determine
whether there were any significant differences among
the BDI types with respect to age, gender, bile duct ex-
ploration, laparoscopic surgery, cholecystectomy, and
status of EST (Table 5) but detected no significant clini-
cal difference among the groups (Table 5). We observed
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Table 4 Treatment success rate according to clinical

Table 5 Clinical Characteristics according to bile duct injury

characteristics n (%)

type

Success rate P value BDI type 1 2 3 P value

Overall 59/77 (77) Patients () 36 31 10

Age (yr) 0.467 Age (mean, yr) 50 52 44 0.321
<50 32/40 (80) Male 56% 65% 60% 0.756
>50 27/37 (73) Bile duct exploration 44% 65% 70% 0.161

Sex 0.101 Laparoscopic surgery 72% 48% 80% 0.067
Female 27/31 (69) Cholecystectomy 64% 74% 90% 0.246
Male 32/46 (77) Endoscopic sphincterotomy 31% 54% 78% 0.059

Bile duct exploration 0.291 Complication rate 11% 36% 20% 0.056
Yes 31/43 (72) Time to diagnosis (median, d) 6 216 11 0.000
No 28/34 (82)

Operation method 0.387 BDL Bile duct injury.

Laparoscopic 36/49 (74)
Open 23/28 (82)

Oppereliton mamme 0.247 Clinical outcomes in a subgroup of patients who

Cholecystectomy 40/55 (72)
underwent cholecystectomy
Other operations 19/22 (86) . .

Initial procedure 0.547 We also analyzed 55 patients with BDIs who underwent
Endoscopic 28/38 (74) cholecystectomy due to gallstones or gallbladder polyps
Percutaneous 31/39 (80) (Table 7). The type of BDI was the only significant factor

EiT 28/39(72) 0310 affecting the success rate of non-surgical treatments, and

es . . .
No 31/38 (82) that result was consistent with the results observed in all

BDI 0.000 patients with BDI. Patients with bile duct exploration ex-
Type 1 34/36 (94) perienced more frequent biliary stricture (BDI type 2 or
iR 22/81(71) 3) compared with patients without bile duct exploration
Type 3 3/10 (30) o o . _

Time to diagnosis (d) o [20/25 (80%) »s 12/30 (40%), respectively, P = 0.006].
<15 34/42 (81)
>15 25/35 (71)

Treatment duration (d) 0.950 DISCUSSION
=30 30739.(77) Post-operative BDI is one of the most serious compli-
> 30 29/38 (76)

EST: Endoscopic sphincterotomy; BDI: Bile duct injury.

the lowest treatment success rate in BDI type 3, and the
detailed clinical characteristics and treatment outcome
for each patient with BDI type 3 is described in Table 6.
Despite multiple interventions, the treatment success rate
in BDI type 3 was only 30%. Overall, treatment-related
complications occurred in 15 out of 77 patients (20%).
Cholangitis was the most common complication (14/15,
93%,), and these patients were treated successfully with
medical therapy. One patient had duodenal perforation
related to an EST (endoscopic sphincterotomy) proce-
dure, and intervention for a biliary stricture could not be
performed due to the incident. The patient was managed
non-surgically; however, his clinical signs and symptoms
deteriorated, and hepaticojejunostomy was performed
to resolve perforation and biliary stricture. We observed
that patients with BDI type 2 or 3 appeared to have more
intervention-related complications than patients with
BDI type 1 (34% vs 13%, respectively, P = 0.117). Two
of the 23 patients with BDI type 2 who were successfully
treated initially relapsed during the long-term follow-up
petiod and could be treated medically. No relapses oc-
curred in patients with BDI type 1 or type 3 during the
follow-up period.
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cations after hepatobiliary surgery despite tremendous
improvement in surgical techniques and experiences'’
Furthermore, non-surgical treatments such as endoscopic
or percutaneous procedures have played an important
role in the treatment of BDIs with excellent long-term
success rates, except in cases of complete bile duct
transection**'!, Therefore, the aim of this study was to
report our experiences with a series of 77 patients with
post-operative BDIs, specifically including the homog-
enous group of 55 patients who developed BDI after
cholecystectomy. The study data set examined here is one
of the largest series that has been examined. As noted
in the methods section, the BDIs were initially managed
non-surgically, and the success rate was approximately
80%. Our success rate was lower than those of previous
studies, which reported a 78%-100% success rate® ", A
possible explanation for this difference may be that we
defined the point of successful treatment very strictly, as
successful treatment without relapse for at least 6 mo af-
ter initial management. We observed that only 3% (2 out
of 59) of patients relapsed during a median follow-up of
11.3 (6.7-27.2) mo.

To identify the important variables affecting clinical
outcomes of non-surgical treatment in patients with BDI,
we investigated all possible clinical factors. Among the
possible contributing factors, BDI type was the only fac-
tor that significantly affected treatment outcomes. Non-
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Table 6 Clinical characteristics and treatment outcomes of patients with bile duct injury type 3

Sex/age Result Operation Time to diagnosis (d) Number of procedures Treatment duration (d) Leak location Stricture location
ERC PTC PCD

F/37 Success  Cholecystectomy 10 2 7 2 180 Multiple Anastomosis
M/40 Failure ~ Cholecystectomy 5 1 1 0 5 IHD IHD/
F/26 Success  Cholecystectomy 59 2 0 1 94 CBD/CHD CBD/CHD
M/22 Failure ~ Cholecystectomy 21 0 3 0 69 CBD/CHD CBD/CHD
F/50 Failure  Cholecystectomy 5 1 2 0 13 Duct stump IHD
M/45 Failure  Cholecystectomy 0 1 0 0 45 CBD/CHD CBD/CHD
M/25 Failure  Cholecystectomy 13 1 1 0 7 CBD/CHD CBD/CHD
M/45 Failure Rt hepatectomy 12 0 1 1 45 IHD IHD
F/65 Success  Cholecystectomy 60 5 0 0 364 CBD/CHD CBD/CHD
M/81 Failure ~ Cholecystectomy 8 1 5 4 482 Duct stump IHD

IHD: Intrahepatic duct; CBD: Common bile duct; CHD: Common hepatic duct; ERC: Endoscopic retrograde cholangiography; PTC: Percutaneous
transhepatic cholangiography; PCD: Percutaneous drainage; M: Male; F: Female.

Table 7 Subgroup analyses of 55 patients who underwent

cholecystectomy 7 (%)

Success rate P value
Overall 40/55 (73)
Age (yr) 0.428
<50 14/21 (67)
>50 26/34 (775)
Sex 0.359
Female 17/21 (81)
Male 23/34 (68)
Bile duct exploration 0.185
Yes 16/25 (64)
No 24/30 (80)
Operation method 1.000
Laparoscopic 29/40 (73)
Open 11/15 (73)
EST 0.537
Yes 25/36 (69)
No 15/19 (79)
BDI 0.001
Type 1 22/23 (96)
Type 2 15/23 (65)
Type 3 3/9 (33)
Time to diagnosis (d) 0.322
<15 22/28 (79)
>15 18/27 (68)
Treatment duration (d) 1.000
<30 17/24 (71)
>30 23/31 (74)

EST: Endoscopic sphincterotomy; BDI: Bile duct injury.

surgical treatment failed in two-thirds of the patients
with BDI type 3, and these patients may be considered
better candidates for surgery. Three patients with BDI
type 3 were successfully treated by multiple interventions
(3, 5, and 11 interventions each) and they experienced
longer durations to completion of non-surgical treatment
(mean, 213 d) (Table 5). Based on our study, initial surgi-
cal management might be judiciously applied in patients
with BDI type 3, considering the low success rate of
non-surgical treatments, extended treatment duration and
the need for multiple interventions.

We also analyzed the success rate according to the
various initial non-surgical treatments (endoscopic us pet-
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cutaneous), and there were no significant differences in
success rate between the two groups. However, we can-
not rely entirely on this result when choosing either of
the non-surgical treatment options (endoscopic or percu-
taneous) as an initial treatment modality when managing
patients with BDIs. Post-operative BDI is a very complex
condition that requires a multidisciplinary approach®.
This study demonstrated that BDI type 1 can be more
successfully treated by non-surgical methods than BDI
type 2 or type 3 (94% vs 71% vs 33%, respectively). It has
recently been reported that endoscopic approaches were
used successfully to treat 12 out of 13 patients with BDI
type 1; however, treatment failed in 1 out of 3 patients
with BDI type 3. The studies above clearly indicate that
BDI type 1 can easily be treated by non-surgical therapies
and that these therapies may be widely accepted. Some
investigators have suggested that initial non-surgical treat-
ment might not be suitable for the management of post-
operative bile duct stricture because most cases of post-
operative bile duct stricture ultimately require surgical
treatment, even in patients with isolated bile duct stric-
ture™*. On the contrary, recently published accounts
have indicated that endoscopic and/or percutaneous
intervention should be regarded as an initial treatment
choice in patients with post-operative BDI, including
stricture™. In our seties, isolated bile duct stricture like
BDI type 1, 2 were also managed successfully compared
to patients with BDI type 3. Therefore, it can be suggest-
ed that BDI types 1 and 2 can initially be treated non-sut-
gically. On the other hand, 7 patients who had BDI type
3 underwent surgical reconstruction, and they recovered
without post-operative complications. Although we had a
low success rate of 30% among BDI type 3 patients, this
result might also be interpreted to mean that one third of
patients with BDI type 3 did not require invasive surgery.
Therefore, we stress the importance of a multidisci-
plinary approach to decision making in the management
of BDI type 3.

Another important factor in the management of
BDIs was the time-to-diagnosis interval. Delayed detec-
tion of BDI may lead to increased morbidity, increased
severity of the injury, treatment failure and even death™.
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In this study, time to diagnosis of BDI type 1 was sig-
nificantly shorter than that of BDI type 2, as might be
expected, because a bile leak can immediately cause bile
peritonitis and induce severe abdominal painm. Eatly di-
agnosis resulted in a better outcome in patients with BDI
type 1 but was not significant in BDI type 2 patients. It
may be suggested that eatly detection ensures the success
rate of treatment in BDI type 1.

We also wish to discuss operative approaches with
regard to the development of BDIs. As we mentioned in
Table 2, 43 out of 77 patients (56%) underwent bile duct
exploration, and the transcystic technique was used in
33 patients (77%). Subgroup analysis of 55 patients with
cholecystectomies revealed that patients who underwent
bile duct exploration during cholecystectomy had a ten-
dency to develop BDI type 2 more often than patients
who did not undergo bile duct exploration. Some studies
have also suggested the potential for BDIs such as bile
leak or stricture after intraoperative bile duct explora-
tion™", Interestingly, the results of both this and other
indicated that there was no significant difference in the
clinical outcomes of BDI treatment according to whether
patients had undergone bile duct explorationm.

Here, we report that the most important prognostic
parameter in determining the success rate of treatment
of post-operative BDI is the type of BDI, regardless of
other clinical factors. BDI type 1 (bile leak only) and type
2 (biliary stricture only) after hepatobiliary operations can
be managed by endoscopic intervention with a promising
success rate that is associated with a better quality of life
for patients with BDI after surgery. Surgical treatment
could be considered as a first treatment of choice in BDI
type 3 (bile leak and biliary stricture) considering low suc-
cess rate of non-surgical treatment. Further investigation
with larger groups of patients and randomized clinical
trials would provide a better understanding of appropri-
ate treatments in patients with BDIs after hepatobiliary
surgery.
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